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Angina 
Protection 
with Benefits for 
a Lifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER CAN MATCH 


Unlike calcium blockers, INDERAL LA—either alone or with a 
nitrate—is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 
proven performance and Safety profile of INDERAL tablets- 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to 160 mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next page for 
rurther details and brief summary of prescribing information. 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL* LA brand of propranolol hydrochloride (Long Acting 

Sa . Inderal LA is formulated to provide a sustained release of propranolol 

hydrochloride. Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 

A. CLINICAL PHARMACOLOGY. INDERAL is a nonselective beta-adrenergic receptor 
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locking agent possessing no other autonomic nervous system activity. It specifically com- 
es with beta-adrenergic receptor dew | agents for available receptorsites. When 
t . access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and 
~ vasodilator responses to beta-adrenergic stimulation are decreased proportionately. 
PE — INDERAL LA EA Capsules (80, 120, and 160 mg) release opc HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
x and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
_ hour period the areas under the propranolo! plasma concentration-time curve (AUCs) for the 
| imr Dios are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
INDERAL tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 


ranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
d ur period, blood levels are fairly constant for about twelve (12) hours then decline 
: exponential 


y INDERAL LA should not be considered a simple mg for mg substitute for conventional 
-propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
à ranolol, a possible need for retitration upwards should be considered especially to 
maintain eres: at the end of the dosing interval. In most clinical settings, however, 

such as hypertension or angina where there is little correlation between plasma levels and 

clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 

conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
can ide effective beta blockade for a 24-hour period. 

Er he mechanism of the antihypertensive effect of INDERAL has not been established. 
Among the factors that may be involved in contributing to the antihypertensive action are (1) 
decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
tonic sympathetic nerve outflow from vasomotor centers in the brain. Although total peripheral 

- resistance may increase initially, it readjusts to or below the pretreatment level with chronic 

- . use. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 

been shown to cause a small increase in serum p ium concentration when used in the 
treatment of hypertensive patients. 

In angina pectoris, propranolol generally redu 
any given level of effort by blocking the catechola 
systolic blood pressure, and the velocity and exte 

. may increase oxygen requirements E increasing 

pressure and systolic ejection period. The net phys 

IS usually advantageous and is manifested durin 

-increased work capacity. 

In dosages greater than required for beta blog 

uot anesthetic-like membrane action which affe 

- cance of the membrane action in the treatment of 

_. The mechanism of the antimigraine effect of p 

. adrenergic receptors have been demonstrated i 
Beta receptor blockade can be useful in co 

Sais a, changes, sympathetic activity is detri 
.. situations in which sympathetic stimulation is vital. e, In patie e 
. damaged hearts, adequate ventricular function is maintained by virtue of sen Ain drive 

. which should be preserved. In the presence of AV block, greater than first degree, beta 
i t blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 

E blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
activity which should be preserved in patients subject to bronchospasm. 

"EIN ol is not significantly dialyzable. 

^ INDIC TIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 

$ ‘ment of hypertension; it may be used alone or used in combination with other antihypertensive 
. agents, Bticularl a thiazide diuretic. INDERAL LA is not indicated in the management of 
f ; hypertensive ed rae 
: Pectoris Due to Atherosclerosis: INDERAL LA is indicated 
.— for the long-term para ement of patients with angina pectoris. 

kė Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 

Vd % The efficacy of propranolol in the treatment of a migraine attack that has started has not been 

ie established and propranolol is not indicated for such use. 
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s: INDERAL LA is useful in the management of 

trophic subaortic stenosis, aere bs treatment of exertional or other stress-induced 

, palpitations, and s ipie INDERAL LA also improves exercise performance. The 

iveness of propranolol hydrochloride in this disease appears to be due to a reduction of 

elevated outflow pressure ai sa which is exacerbated by beta-receptor stimulation. 

zlinical Vcg aes be tempor 

E s. INDERAL ix is contraindicated in 1) cardiogenic shock; 2) sinus 

P bradycardia and tiva than first eme block; 3) bronchial asthma; 4) congestive heart 
ons (see WAR 






NGS) unless the failure is secondary to a tachyarrhythmia treatable with 


s WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 
y poring e circulatory function in patients with co ym heart failure, and its inhibition by beta 
kade may precipitate more severe failure. Although beta blockers should be avoided in 
.. overt congestive heart failure, if necessary, they can be used with close foliow-up in patients 
.. With a history of failure who are well compensated and are receiving digitalis and diuretics. 
‘ oic i blocking agents do not abolish the inotropic action of digitalis on heart 
muscle 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 

~ observed closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
Should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
of having occult atherosclerotic heart disease who are given propranolol for other 


indications. 
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MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial It should be noted, however, that the ipse ability of 
the heart to respond to reflex adrenergic stimul: may augment the risks of general anesthesia 
and MA cR procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta- 
receptor agonists and its effects can be reversed by administration of such agents, e.g.. 
dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockace may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
Roach Be} demand pacemaker. In one case this resulted after an initial dose of 5 mg 

ropranolo 
ECAUTIONS. General: Propranolol should 5e used with caution in patients with impaired 
hepatic or rena! function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta adrencreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
eet may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 

ypotension. 

Carcinogenesis, Mutagenesis, Impairment cf Fertility: Long-term studies in animals have 
been conducted !o evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses un to 150 ma/kg/day, there was no evidence of significant 

Thg gerelated tumorigenic effects at any of the dosage 
BST no: show any impairment of fertility that was 


NDERAL has been shown to be embryotoxic in 
eaterthan the maximum recommended human dose. 
$d studies in pregnant women. INDERAL should 
ganancy only if the potential benefit justifies the potential risk to the fetus. 
S: INDERAL is excreted in human milk. Caution should be exercised when 


E in children have not been established. 
s effects have been mild and transient and have 


; ; intensification of AV block; hypo- 
; arterial insufficiency, usually of the 


dedness; mental depression manifested by insomnia, 

; f ble mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation for 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous. alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) 
have not been associated with propranolol. 

DOSAGE AND ADMINISTRATION. !INDERAL . A provides propranolol hydrochloride in à 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg for mas substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION —Dosage must be indiwdualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must pe indiviaualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimum dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS). 


MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 


once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximum dose, INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug gradually over a period of 
several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS— 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE — At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Laboratories. 
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. Aprofessional pocket-sized ECG 
that meets your exacting standards. 


MICRO-TRACE 


| coin the first portable ECG that won't make you 
| miss your office model! 


| A product of space-age miniaturization technology, MICRO-TRACER d, 
_is ahospital-quality ECG offering greater 2d M ENIM aet 
| | versati lity than any other portable ECG available today. fag 
E Precise tracings indistinguishable from those 
| produced by hospital single-channel ECGs. 
[a Phonocardiogram (PCG) tracings to 
detect the slightest murmurs, made possible 
‘by the accompanying DIF-STET,” a highly . | Bee 
sensitive electronic stethoscope. | Up to ao SR 
-12-vector capability. O Continuous visual and Jes 2 NE nue TH: 
audible monitoring with a continuous alarm D 10g RU 
triggered by bradycardia and tachycardia 
attacks. L] A heart-rate histogram for E ae ory : 
monitoring arrhythmias. LJ With its option- «0 ONT 8 EE SS 
al modem, remote analyses and consulta- -o MW dis 
tions can be obtained via the telephone. 
_] MICRO-TRACER, stethoscope and 
allrequired accessories, fit into a hand- 
some, binocular-styled carrying case. 

For complete information, write: 

INTECH Systems Corp. 
20 Constance Court 
Hauppauge, NY 11788 

or call toll-free (800) 854-8376 

_ (outside New York) or call colea | 
_ (516) ie nai a New. ME a 
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Low doses of hydrochlorothiazide can provide 
most of the antihypertensive effect of larger 
doses.! 


Increasing dosage above 25 mg. daily or 
improving bioavailability will not lead to increased 
antihypertensive efficacy in the majority of 
patients, but can result in a higher incidence of 
hypokalemia, hyperuricemia and hyperglycemia. 


HYDROCHLOROTHIAZIDE: FLAT DOSE-RESPONSE CURVE? 














Placebo 12.5 mg. 25 mg. 50 mg. 75 mg. 
Mg. of Hydrochlorothiazide 1 


For the benefits of low dose diuretic therapy" 
with the added benefit of 
potassium-sparing triamterene 
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25 mg Hydroch!orothiazide/50 mg Triamterene/SKF 


*Not for initial therapy. See boxed warning. 
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The finer art of pacemaking. 


WIUVUUCIII 
Genisis™ 

Dual chamber benefits 
with single chamber size - 
and longevity. 


Your patient's image in the mirror reflects the 
brand of pacemaker you choose. Choose the 
new Genisis pacemaker. The thinnest, lightest 
DDD yet. 


Thinner profile and small size allow for a 
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the small size and shape of Genisis, pediatric 
or thin patients having little subcutaneous tissu 
will especially appreciate its thin, 8mm profile 
and its light, 42g weight. Genisis also provide: 
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~ (nadolol tablets) 
R for Angina 





DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 


blocking t. 

: Bronchial asthma, sinus bradycardia and 
degree conduction block, cardiogenic shock, and overt.cardiac failure 
WARNINGS: Cardiac Failure —Sympathetic stimulatic 
supporting circulatory functio estive 
blockade may precipitate more 
in overt congestive heart failure 
















beta-blockers can, in some cases, 
symptom of heart failure, digitalize a 
or discontinue nadolol ( gradually if 






Exacerbation of Ischemic H 
Hypersensitivity to catechola s 
beta-blocker therapy; exacerbation of angi 
have occurred after abrupt discontinuati 
chronic use of nadolol, particularly 
reduce dosage over a 1- to 2-week pe 
nadolol promptly (at least tempo 
t of unstable angina i 
insufficiency develops. Warn patie »tor discontinue therapy without 
physician s advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients treated only for hypertension. 






















acute coronary 





Nonalle Bronchospasm (e.g., chronic bronchitis, emphysema ) — PATIENTS 
WITH ASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. 
Administer nadolol with caution since it may block bronchodilation produced by endoge- 
nous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been suggested 
that such therapy should be withdrawn several days prior to surgery. Recognition of the 
increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform the anesthesi- 
ologist that the patient is on beta-blocker therapy. Use of beta-receptor agonists such as 
isoproterenol, dopamine, dobutamine, or levarterenol can reverse the effects of nadolol. 
Difficulty in restarting and maintaining the heart beat has also been reported with 

ic receptor blocking agents. à 
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. of acute hypoglycemia. This is especially important with labile diabetics. Beta-blockade 


also reduces release of insulin in response to hyperglycemia; therefore, it may be 
necessary to adjust dose of antidiabetic drugs. — piede 27 + 
Thyrotoxicosis — ic blockade may mask certain clinical signs (eg., 
tachycardia ) of idism. To avoid abrupt withdrawal of beta-adrenergic block- 
ade which might precipitate a thyroid storm, carefully manage patients suspected of 
developing thyrotoxicosis. : : 
PRECAUTIONS: Impaired Renal Function — Use nadolol with caution (see DOSAGE 
AND ADMINISTRATION section of package insert ). | 
Information for Patients — Warn patients, especially those with evidence of coronary 
artery insufficiency, against interruption or discontinuation of nadolol without physician's 
advice. Although cardiac failure rarely occurs in properly selected patients, advise 
patients being treated with beta-adrenergic blocking agents to consult physician at first 
sign of impending failure. Advise patients in event of missed doses. : 
Drug Interactions — Concurrent administration may result in interactions with: 
Anesthetics, general exaggeration of the hypotension induced by general anesthetics 
(see WARNINGS, Major Surgery). Antidiabetic drugs (oral agents and insulin) 
—hypoglycemia or hyperglycemia; adjust antidiabetic drug dosage accordingly (see 
WARNINGS, Diabetes and Hypoglycemia). Catecholamine—depleting drugs (e.g.,_ 
reserpine) —additive effect; monitor closely for hypotension and/or excessive dia. 
Carcinogenesis, Mutagenesis, Impairment of Fertility — In | to 2 years oral toxico- 
logic studies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 
2-year oral carcinogenic studies in rats and mice, nadolol did not produce neoplastic, 
preneoplastic, or nonneoplastic pathologic lesions. ripe 
Pregnancy — In animal reproduction studies with nadolol, evidence of embryo-and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times. 
greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. Neonates of mothers who received nadolol at parturition have 
exhibited bradycardia, hypoglycemia and associated symptoms. 
Nursing Mothers — Nadolol is excreted in human milk. Exercise caution when nadolol 
is administered to a nursing woman. 
Pediatric Use — Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute 
occurs commonly, and heart rates below 40 beats per minute and/or symptomatic 
bradycardia were seen in about 2 of 100 patients. Symptoms of peripheral vascular 
insufficiency, usually of the Raynaud type, have occurred in approximately 2 of 100 
patients. Cardiac failure, hypotension, and rhythm/conduction disturbances have each 
occurred in about 1 of 100 patients. Single instances of first degree and third degree heart 
block have been reported; intensification of AV block is a known effect of beta-blockers 
(see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 
System — Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory — Bronchospasm reported in approximately 1 of 1000 patients (see CONTRA- 
INDICATIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal dis- 
comfort, constipation, vomiting, indigestion, anorexia, bloating and flatulence each 
reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in 1 to 
5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision; infrequent reversible alopecia. The following adverse 
reactions have been reported in patients taking nadolol and/or other beta-adrenergic 
blocking agents, but no causal relationship to nadolol has been established. Central 
Nervous System—reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place; short-term memory loss, emotional lability with slightly clouded 
sensorium; decreased performance on neuropsychometrics. Gastrointestinal — 
mesenteric arterial thrombosis; ischemic colitis; elevated liver enzymes. Hematologic — 
agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. Allergic — fever 
combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — pemphigoid rash; hypertensive reaction in patients with pheochromo- 
cytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 

OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In determin- 
ing duration of COrrecti take note of long duration of effect of nadolol. ; 


ces E inister atropine (0.25 to 1.0 mg). If there is no response 
: ilure- / digitalis glycoside and diuretic. It has been reported 





roterenol cautiously. 
c in this situation. 


Administer vasopressors, ei epinephrine or levarterenol. (There is 

ine me rug of choice ; 

i t and/or a theophylline derivative. 
ALIZED 


qud: may be gradually increased in 40 
saintil Optimum clinical response or pro- 
aintenance dose is 40 or 80 mg q.d. (doses up 
ga ay be Needed ). If treatment is to be discontinued, reduce dosage 
ally over a period of 1 to 2 weeks (see WARNINGS). i 
or hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 40 or 80 mg q.d. (doses up to 240 or 320 mg daily may be needed). 
Patients with renal failure require adjustment in dosing interval; see package insert for 
dosage in these patients. 
For full prescribing information, consult package insert. 
HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per tablet in 
bottles of 100 and 1000 tablets and in Unimatic* unit-dose packs of 100 tablets. 
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Unmatched safety of liquids, in convenient 
effervescent tablet form, convenient strengths 
and pleasant-tasting flavors 
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When your patients need 
Potassium Chloride. 


KLYTE/GL 


¢ effervescent tablets with delicious citrus 


or fruit-punch flavor 


* each tablet in solution provides 25 mEq 
potassium chloride 


KLYTE/GL 50 


* provides 50 mEq potassium chloride 
for once-a-day eonvenience 





K-Lyte/Cl Effervescent Tablets Brief Summary 


Caution: Federal Law Prohibits Dispensing 
Without Prescription 
DESCRIPTION: Each K-Lyte/C!® tablet in 
solution provides the equivalent of 25 mEq 
(1865 mg) potassium chloride supplied by 1.5 
potassium chloride, 0.5 gm potassium 
icarbonate and 0.91 gm L-lysine monohydro- 
chloride and 0.55 gm citric acid. 
Each K-Lyte/Cl* 50 mEq tablet in 
solution provides the equivalent 
of 50 mEq (3730 mg) potas- 
sium chloride supplied by 
2.24 gm potassium 
chloride, 2.0 gm 
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potassium bicarbonate and 3.65 gm L-lysine 
monohydrochloride and 1.0 citric acid. 
INDICATIONS AND USAGE: Therapy or 
prophylaxis of potassium deficiency. 
CONTRAINDICATIONS: Contraindicated in 
patients with hyperkalemia. Hyperkalemia may 
complicate chronic renal impairment, metabolic 
acidosis, acute dehydration, and extensive 
tissue breakdown. Concomitant administration 
of potassium salts and potassium-sparing 
diuretic can produce severe hyperkalemia. 
WARNINGS: In patients with impaired 
potassium excreting mechanisms, the adminis- 
tration of potassium salts can produce hyper- 
kalemia and cardiac arrest. This occurs most 
commonly in patients given potassium intraven- 
ously but may also occur in patients given 
potassium orally. Potentially fatal hyperkalemia 
can develop rapidly and may be asymptomatic. 
Use in patients with chronic renal disease, or 
any other condition which impairs potassium 
excretion, requires careful monitoring of the 
serum potassium concentration and appropriate 
dosage adjustment. 

PRECAUTIONS: The diagnosis of potassium 
depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history 


suggesting some cause for potassium depletion. 
Acute alkalosis per se can produce h bokalbods 
in the absence of a deficit in total body potas- 
sium, while acute acidosis per se can increase 
the serum potassium concentration into the 
normal range even in the presence of reduced 
total body potassium. Therefore, the treatment 
of potassium depletion requires careful atten- 
tion to'acid-base balance and appropriate 
monitoring of serum electrolytes, the ECG, and 
the clinical status of the patient. 

Information for Patients: Patients should be 
carefully directed to completely dissolve each 
tablet. 

Drug Interactions: Simultaneous administra- 
tion of potassium supplements and a potassium- 
sparing diuretic as well as concomitant use of 
potassium supplements and salt substitutes can 
result in hyperkalemia (see Contraindications). 
Usage in Pregnancy - Pregnancy Category C: 
It is not known whether K-Lyte products can 
cause fetal harm when administered to a 
pregnant woman or can affect reproduction 
capacity. 

Nursing Mothers: There is a potential for 
serious adverse reactions in nursing infants 
from oral potassium supplements given to the 





mother. Nursing or the drug should be discon- 
tinued based on the importance of the drug for 
the mother. 

Usage in Children: Safety and effectiveness in 
children have not been established. 
ADVERSE REACTIONS: The most common 
adverse reactions to oral potassium supple- 
ments are nausea, vomiting, diarrhea and 
abdominal discomfort. These side effects occu 
more frequently when the medication is not 
taken with food or is not diluted properly or 
dissolved completely. 

Hyperkalemia occurs only rarely in patients 
with normal renal function receiving,potassium 
supplements orally. e 
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"FOR CLINICAL ANXIETY 





EFFICACY EQUAL TO 

DIAZEPAM WITH 

LESS DROWSINESS PHYSICIANS’ EVALUATION OF THERAPEUTIC EFFECT 
mum XANAX 

In double-blind, placebo-controlled 5 DIAZEPAM 


PLACEBO 


clinical trials in 976 patients with 
moderate to severe clinical anxiety, 
therapy with XANAX was compared 
to diazepam* 

Patients treated with XANAX had a 
significantly lower incidence of drowsiness 
when compared directly to diazepam 
therapy in a 976-patient, placebo- 
controlled, multicenter study* 


AND CLINICAL ANXIETY 
WITH DEPRESSIVE SYMPTOMS 


% Marked/Moderate Improvement 








EFFECTIVE IN CLINICAL 
ANXIETY WITH DEPRESSIVE 
SYMPTOMS % IMPROVEMENT IN HAMILTON ANXIETY 
2. DEPRESSED MOOD SCORE 
Patients with clinical anxiety may 
complain of having feelings of etree Bis) ph 3 
à patients 
depression, such as sadness, blue PTE SCORE. 
ness, or loneliness. XANAX: 2.4 
Depressed mood is one of 14 PLACEBO: 2.4 


items on the Hamilton Anxiety 
Rating Scale. Special analysis of 692 
anxious patients with a significant 
depressed mood item score showed 
that treatment with XANAX was 
significantly better than placebo in 
decreasing depressed mood score. 


Percentage 









\ The usual starting dose of 
im XANAX is 0.25 to 0.5 mg, three 
times daily. 


Please see next page for brief summary of 


prescribing information. 


Xanax: 


alprazolam € 


SIMPLE DOSAGE: / 
XANAX 0.25—0.5 mg T.I.D. | 





alprazolam) @ 


:ONTRAINDICATIONS 
'atients with sensitivity to this drug or other benzodiazepines and in acute narrow 
ingle glaucoma. 


VARNINGS 
Jot of value in psychotic patients. Caution patients against hazardous occupations 
equiring complete mental alertness and about the simultaneous ingestion of 
illcohol and other CNS depressant drugs. 

Benzodiazepines can cause fetal harm in pregnant women. Warn patients of 
he potential hazard to the fetus. Avoid during the first trimester. 


»RECAUTIONS 

aeneral: The dosage of XANAX Tablets should be reduced or withdrawn grad- 
ially since withdrawal seizures have been reported upon abrupt withdrawal. If 
(ANAX is combined with other psychotropics or anticonvulsant drugs, consider 
irug potentiation. (See Drug Interaction section.) Exercise the usual precautions 
egarding size of the prescription for depressed or suicidal patients. In elderly 
ind debilitated patients, use the lowest possible dosage.(See Dosage and 
Administration.) Observe the usual precautions in treating patients with impaired 
enal or hepatic function. 


n for Patients: Alert patients about: (a) consumption of alcohol and 
irugs. (b) possible fetal abnormalities, (c) operating machinery or driving, (d) not 
ncreasing dose of the drug due to risk of dependence. (e) not stopping the drug 
ibruptly. Laboratory Tests: Not ordinarily required in otherwise healthy patients. 
Drug Interactions: Additive CNS depressant effects with other psychotropics. anti- 
:onvulsants, antihistamines, ethanol and other CNS depressants. Pharma- 
okinetic interactions with benzodiazepines have been reported. Drug/Laboratory 
lest Interactions: No consistent pattern for a specific drug or specific test. Carcinogenesis, 
Mutagenesis, Impairment of Fertility: No carcinogenic potential or impairment of 
ertility in rats. Pregnancy: See Warnings. Nonteratogenic Effects: The child born of a 
nother on benzodiazepines may be at some risk for withdrawal symptoms and 
yeonatal flaccidity. Labor and Delivery: No established use. Nursing Mothers: 
Jenzodiazepines are excreted in human milk. Women on XANAX should not 
urse. Pediatric Use: Safety and effectiveness in children below the age of 18 have 
10t been established. 


ADVERSE REACTIONS 

side effects are generally observed at the beginning of therapy and usually dis- 
appear with continued medication. In the usual patient. the most frequent side 
affects are likely to be an extension of the pharmacological activity of XANAX. 

» g. drowsiness or lightheadedness. 

Central nervous system: Drowsiness, lightheadedness, depression, headache, 
:onfusion. insomnia, nervousness, syncope, dizziness, akathisia, and tiredness/ 
sleepiness. 

Gastrointestinal: Dry mouth, constipation, diarrhea, nausea/vomiting, and 
ncreased salivation. 

Cardiovascular. Tachycardia/palpitations, and hypotension. 

Sensory: Blurred vision. 

Musculoskeletal: Rigidity and tremor. 

Cutaneous: Dermatitis/allergy. 

Other side effects: Nasal congestion, weight gain, and weight loss. 

In addition, the following adverse events have been reported with the use of 
anxiolytic benzodiazepines: dystonia, irritability, concentration difficulties, 
anorexia, loss of coordination, fatigue, sedation, slurred speech, jaundice. 
nusculoskeletal weakness, pruritus, diplopia, dysarthria, changes in libido, 
nenstrual irregularities, incontinence and urinary retention. 

Paradoxical reactions such as stimulation, agitation, increased muscle spasticity. 
sleep disturbances, and hallucinations may occur. Should these occur discontinue 
he drug. 

During prolonged treatment. periodic blood counts, urinalysis, and blood 
chemistry analysis are advisable. Minor EEG changes, of unknown significance. 
nave been observed. 


DRUG ABUSE AND DEPENDENCE 

Physical and Psychological Dependence: Withdrawal symptoms have occurred follow- 
ing abrupt discontinuance of benzodiazepines. Withdrawal seizures have oc- 
curred upon rapid decrease or abrupt discontinuation of therapy. In all patients, 
dosage should be gradually tapered under close supervision. Patients with a 
history of seizures or epilepsy should not be abruptly withdrawn from XANAX. 
Addiction-prone individuals should be under careful surveillance. Controlled 
Substance Class: XANAX is a controlled substance and has been assigned to 
schedule IV. 

DOSAGE AND ADMINISTRATION 

The usual starting dose is 0.25 to 0.5 mg, ti.d. Maximum total daily dose is 

4 mg. In the elderly or debilitated. the usual starting dose is 0.25 mg, two or three 
times daily Reduce dosage gradually when terminating therapy. by no more 
than ore milligram every three days. 

CAUTION: FEDERAL LAW PROHIBITS DISPENSING WITHOUT 
PRESCRIPTION. B-3-S 
*Cohn JB: Multicenter double-blind efficacy and safety study comparing 
alprazolam, diazepam and placebo in clinically anxious patients. | Clin Psychiatry 
42 (9):347-351. 1981. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


571 Simultaneous Computer Mapping to Facilitate Intraoperative Localization of Accessory Pathways in Patients 
with Wolff-Parkinson-White Syndrome 


JEFFREY B. KRAMER, PETER B. CORR, JAMES L. COX, FRANCIS X. WITKOWSKI, and 
MICHAEL E. CAIN 


The clinical applicability of simultaneous intraoperative computer mapping from multiple sites was evaluated in 
16 patients with the Wolff-Parkinson-White syndrome before surgical division of the accessory pathways. The 
computer mapping protocol permitted rapid, simultaneous recording and analysis of multiple epicardial and 
transmural electrograms along the atrioventricular groove. This approach facilitated intraoperative mapping by 
requiring only a single beat for analysis of anterograde and retrograde activation times, decreased cardiac 
manipulation during mapping, obviated the need for cardiopulmonary bypass, decreased the time required for 
mapping, permitted accurate study of nonsustained arrhythmias, and allowed rapid identification of multiple 
accessory pathways. 


577 Prospective Comparison of Holter Monitoring and Electrophysiologic Study in Patients with Coronary Artery 
Disease and Sustained Ventricular Tachyarrhythmias 


CHARLES D. SWERDLOW and JAN PETERSON 


Baseline 24-hour Holter monitoring (HM) and electrophysiologic study (EPS) were compared in 32 consecutive 
patients with sustained ventricular tachyarrhythmias to determine the fraction of patients in which each could be 
performed and the fraction in which each could be used to guide therapy. Patients were excluded from HM if sus- 
tained ventricular tachycardia requiring termination occurred and from EPS if heart failure was sufficiently severe 
to cause excessive risk. More patients completed EPS than HM, but this difference was not significant (90% vs 
7196, p = 0.12). Arrhythmias suitable for antiarrhythmic drug assessment were detected more frequently by EPS 
than HM: 87% vs 50% (p = 0.003) for all patients and 96% vs 70% (p = 0.02) for patients completing EPS or 
HM. 


581 Comparative Efficacy and Safety of Oral Tocainide and Quinidine for Benign and Potentially Lethal 
Ventricular Arrhythmias 


JOEL MORGANROTH, CARL OSHRAIN, and PETER P. STEELE 


The antiarrhythmic efficacy and safety of tocainide and quinidine were compared in a double-blind, 3-center, 
parallel trial involving 133 patients with benign and potentially lethal ventricular arrhythmias (ventricular 
premature complexes [VPCs]). Baseline characteristics were not different between the 2 groups. Two weeks of 
placebo were followed by 8 weeks of active drug and then 2 weeks of placebo. Frequent Holter monitoring was 
used to judge efficacy. Ten of 27 patients (37%) receiving tocainide and 12 of 24 patients (50%) receiving 
quinidine had a 75% reduction in VPC frequency (p >0.25). Total abolition of ventricular tachycardia occurred in 
6 of 16 patients (37 %) receiving tocainide and 6 of 13 patients (43%) receiving quinidine (p >0.25). Conditions 
requiring discontinuation of therapy occurred in 18 of 67 patients (27 96) receiving tocainide and 16 of 66 patients 
(24%) receiving quinidine (difference not significant). Quinidine caused a prolongation in the QT interval and 
tocainide caused a slight reduction. Thus, tocainide, the new oral analog of lidocaine, appears to be comparable 
to quinidine in safety and is slightly less effective in suppressing VPCs. 


Continued on page A21 
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Od BILO i. - là D S ey] RELEASE TABLETS 


uinagluie 


quinidine gluconate 


— Continuous arrhythmia control 











— Well tolerated in long- term therapy' 
— Less GI upset than with quinidine sulfate? 
— B.1.D.* dosage for uninterrupted protection 


Start the oral agent he can live with 


*Some patients may require more frequent (t.i.d.) dosing 
Please turn page for brief summary of prescribing information. 


References: 1. Selzer A: Heart Lung 1982;11:20-23. 
2. Podrid P: Patient Care 1981;15: 100-132. 
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entricula ects, especially those exhibiting a marked 
Eu QRS ro my igual intoxication manifested by A-V 
* Ro tran gravis. 6. Aberrant impulses and 


to escape mechanisms 
Wi ET in the earnen o al ilie. teersion to sinus sth 
be preceded by a progressive reduction in the degree of A-V block to a 
. 1 ralio cire in an extremely rapid ventricular rale This possible 


— hazard may be reduced by digitalization prior to administration of quinidine 
b 2. Recent reports indicate that plasma concentralions of digoxin increase 
and máy even double when quinidine is administered concurrently Patients 
É On concomitant therapy should be carefully monitored Reduction of 
. digoxin may have to be consi 
.. 8. Manifestations of quinidine ene such as excessive prolonga- 
- tion of the Q-T interval. widening of the ORS complex and ventricular 
; _tachyarrhythmias mandate immediate discontinuation of the drug and/or 
x on Clinical and electrocardiographic monitoring. 

_ 4 In susceptible individuals. such as those with marginally compensated 
cardiovascular disease. quinidine may produce clinically important depres- 
Sion of cardiac function such as hypotension, bradycardia, or heartblock 

_ Quinidine therapy should be carefully monitored in such individuals 
5. Quinidine should be used with extreme caution in patients with incom- 
plete A-V block since complete block and asystole may be produced 
Quinidine may cause abnormalities of cardiac rhythm in digitalized patients 
and therefore should be used with caution in the presence of digitalis 
. intoxication. 6. Quinidine should be used with caution in patients 
b , ekhibiting renal. cardiac or hepatic insufficiency because of potential 
* . accumulation of quinidine in plasma leading to toxicity 
- T7. Patients taking quinidine occasionally have syncopal episodes which 
2 ly result from ventricular tachycardia or fibrillation. This syndrome 
i has not been shown to be related to dose or plasma levels. Syncopal 
“episodes frequently terminate spontaneously or in response to treatment 
but sometimes are fatal. 
few cases of hepatotoxicity, including granulomatous hepalitis. due to 
inidine hypersensitivity have been reported in patients taking quinidine 
unde lever and/or elevation of hepatic enzymes, particularly in the 
. early stages of therapy, warrant consideration of possible hepatotoxicity 
Monitoring liver function during the first 4-8 weeks should be considered 
_ Cessation of quinidine in these cases usually results in the disappearance 


` of toxici 
' PRECAUTIONS: General: The precautions to be observed include all 


those applicable to quinidine A preliminary test dose of a single tablet of 
quinidine sulfate may be administered to determine if the patient has an 
- idiosyncrasy to quinidine. Hypersensitivity to quinidine, although rare, 
should constantly be considered. especially during the first weeks of therapy 
‘Hospitalization for close clinical observation. electrocardiographic monitor- 
-. ing. and possible determination of plasma quinidine levels is indicated 
- when large doses are used, or with patients who present an increased risk 
- information for Patients: As with all solid oral medications. Quinaglule 
- (quinidine gluconate) Dura-Tabs (sustained-release tablets) should be 
laken with an adequate amount of fluid. preferably in an upright position. 
to facilitate swallow 


Drug Interactions: Drug Effect 
- Quinidine with anticholinergic drugs Additive vagolylic effect 
~ Quinidine with cholinergic drugs ^ Antagonism of cholinergic effects 
- Quinidine with carbonic anhydrase — Alkalinization of urine 
inhibitors, sodium bicarbonate, resulting in decreased 


»u 


.4— — 


u-—— um 


‘thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting factor 
- anticoagulants concentrations 
. Quinidine with tubocurare. Potentiation of neuro- 


Succinylcholine and decamethonium muscular blockade 
Quinidine with phenothiazines Addilive cardiac depressive 
. and reserpine effects 


 Quinidine with gaat te Decreased plasma half-life 
- inducing dr eot of quinidine 

. phenytoin, ri 

` Quinidine with Eun Increased plasma concentra- 
lions of digoxin (see WARNINGS) 


. Carcinogenesis, Mutagenesis and impairment of Fertility: Long- 
_ term studies in animals have nol been performed to evaluate the 
"undue a potential of quinidine. There is currently no evidence of 
uinidine-induced mutagenesis or impairment of fertility 
: Teralogenic Effects: Pregnancy Category C. Animal reproduc- 
b: Sludies have nol been conducted with quinidine. There are no adequate 
well-controlled studies in pregnant women Quinaglute (quinidine 
i d o omg vi a ii to a pregnant woman only il clearly 
- Nonteratogenic Effects: Like quinine, quinidine has been reported 
yer oxytocic properties. The significance of this property in the clinical 
has not been established. 
Mothers: Caution should be exercised when Quinaglule 
jinidine gluconate) Dura- Tabs are administered to a nursing woman due 


exi of the “he into breast milk. 
There are no adequate and well-controlled studies 
the safely and effectiveness of Quinaglule (quinidine gluco- 


nale vale) Dura in children 
Mus ion De Symptoms of cinchonism, ringing in ears. 


- headache, nausea, and/or disturbed vision may appear in sensitive patients 
allera dard of the drug. The most frequently encountered side 
_ effects —_ ine are gastrointestinal in nalure gastrointestinal 
_ effects include nausea, vomiting, abdominal boat and diarrhea 
Less frequently encountered adverse reacti 
Cardiovascular: Widening of QRS poe cardiac asystole, ventricular 
a igi , idioventricular rhythms includ y cor lachycardia and 
fibri gn, oce esr utr tachycardia. arterial lism and hypotension. 
Born (pupua) avons anemia, hypoprothrombinemia. throm- 
h ‘bocytopenia rpura). agranulocytosis 
. Central Nervous System: Headache. lever, vertigo. 


apprehension. 
- excitement, confusion. delirium and syncope, disturbed hearing (tinnitus, 
- decreased auditory acuity), disturbed vision (mydriasis, blurred vision, 
3 disturbed color perception, reduced vision field. photophobia. diplopia. 
night blindness, scotomata), optic neuritis 
Dermatologic: Rash. "perm flushing with intense pruritus, urlicaria 


Photosensitivity has also 
Hypersensitivity oedema, acute asthmatic episode. 

. vascular collapse, respiratory arrest. ic toxicity, including gran- 
ulomalous — (see WARNINGS). extremely rare. there have 


erythematosus in patients taking quinidine A 

tslivesscalon wh qunidne therapy has nol been established. 
package insert lor full information. 

(€) Berlex Laboratories, Inc., 1985. All rights reserved. 
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on Heart Valve Replacement Available Today! 


Advances in 


Cardiac Valves 
Clinical Perspectives 


edited by 


Michaeł E. DeBakey, MD 
0-914316-40-0, 1983, 274pp., $35.00 


This valuable new clinical reference provides a detailed update on many aspects of 
mechanical heart valve prostheses, including hemodynamics, clinical results, results in 
children, non-invasive assessments, special indications, and implant techniques. Each 
topic is presented in an easily understood style and format which facilitate the com- 
prehension of recent developments in heart valve replacement for the busy clinician. 

Each chapter is written by internationally respected physicians and medical scientists 
each of whom is pre-eminent in his field. All of the information has been co-ordinated 
by Dr. DeBakey to produce a very readable and informative volume on the state-of-the- 
art of heart valve replacement with mechanical prostheses. No cardiologist, cardio- 
vascular surgeon, internist, or bioengineer can afford not to be knowledgeable about 
the information in this book. 
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585 Incidence of Proarrhythmic Effects from Quinidine in the Outpatient Treatment of Benign or Potentially Lethal 
Ventricular Arrhythmias 


JOEL MORGANROTH and LEONARD N. HOROWITZ 


The prevalence of proarrhythmic events secondary to the initiation of quinidine in outpatients with benign or 
potentially lethal ventricular arrhythmias was retrospectively reviewed in 360 patients treated with quinidine as 


part of 3 outpatient drug trials. These patients had at least 30 ventricular premature complexes (VPCs) per hour ' 


during placebo treatment and had no evidence of unstable clinical states, hypokalemia, digitalis toxicity, atrial 
fibrillation or a prolonged QT interval. Quinidine was dosed from 200 to 400 mg 4 times a day for 2 to 4 weeks and 
a proarrhythmic effect was defined by Holter monitoring. There was no difference in the demographic character- 
istics, response to quinidine therapy or side effects during quinidine treatment among the 3 trials. The 
proarrhythmic response rate was 6 of 360 (2%) and all patients were asymptomatic. Thus, quinidine can be 
safely initiated to outpatients as described above. 


588 Ambulatory Electrocardiographic Recordings at the Time of Fatal Cardiac Arrest 


PETER G. MILNER, EDWARD V. PLATIA, PHILIP R. REID, and LAWRENCE S.C. GRIFFITH 


Ambulatory electrocardiographic recordings in 13 patients at the time of in-hospital cardiac arrest showed 
ventricular tachycardia (VT) to be the initial arrest arrhythmia in 12 patients. VT degenerated to ventricular 
fibrillation in 10 patients at a mean interval of 96 + 31 seconds after cardiovascular collapse. A significant 
increase in VT runs occurred during the hour before arrest. Despite prompt resuscitation efforts, only 6 of 12 pa- 
tients survived. Degeneration of VT to ventricular fibrillation within 30 seconds and a slower rate of VT at onset of 
arrest were associated with failure of resuscitation. 


593 Usefulness of Programmed Stimulation in Predicting Efficacy of Propafenone in Long-Term Antiarrhythmic 
Therapy for Paroxysmal Supraventricular Tachycardia 


MATTHIAS MANZ, GERHARD STEINBECK, and BERNDT LÜDERITZ 


The electrophysiologic effects of intravenous and oral propafenone were evaluated in 24 patients with paroxys- 
mal supraventricular tachycardia. Propafenone prolonged the effective refractory periods of the right atrium and 
the atrioventricular node. With propafenone, the cycle length of the reentrant tachycardia and the shortest atrial 
interval with 1:1 atrioventricular conduction increased markedly. The electrophysiologic effects of intravenous 
and oral propafenone were similar. Patients with complete suppression of supraventricular tachycardia appeared 
to have less recurrences during long-term therapy. Thus, acute electrophysiologic drug testing with propafenone 
can predict its efficacy during chronic therapy in most patients. 


VALVULAR HEART DISEASE 
598 Effects of Atenolol on Exercise Capacity in Patients with Mitral Stenosis with Sinus Rhythm 


HERMAN O. KLEIN, PINHAS SARELI, COLON L. SCHAMROTH, YOONOOS CARIM, 
MENASHE EPSTEIN, and BRIDGET MARCUS 


Exercise capacity is almost always impaired in patients with significant mitral stenosis and sinus rhythm, because 
elevation of left atrial pressure occurs with exercise-induced sinus tachycardia. Beta blockade with atenolol 
reduced mean heart rates at rest and during exercise in 13 patients with mitral stenosis in sinus rhythm (p = 
0.0015) and significantly increased total exercise time (p = 0.0015) and maximal exercise capacity (p = 0.0015). 
Atenolol produces objective improvement of exercise capacity in patients with mitral stenosis in sinus rhythm. 
This is attributed to diminished effort-induced sinus tachycardia, thus improving left atrial emptying. 


602  Electrophysiologic Mechanisms of Provoked Atrial Flutter in Mitral Valve Prolapse Syndrome 


DAVID J. DOBMEYER, RONALD A. STINE, CARL V. LEIER, and STEPHEN F. SCHAAL 
Patients with mitral valve prolapse (MVP) and sustained atrial flutter (AF) provoked by the extrastimulus technique 


in the catheterization laboratory were found to differ from patients without MVP with provokable AF by the 
absence of atrial conduction disease. The patients with MVP who had provokable AF had significant differences 


Continued on page A24 
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Stress testing is revolutionized with the CAD/ Net" 
Exercise Stress Testing System 2001 for non-invasive 
assessment of cardiac function. Real-time cardiodynamic 
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Ii Differentiation of cardiac versus pulmonary induced saves both time and money. 
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between high and low right atrial effective refractory periods than did MVP patients without provokable AF and 
normal subjects. These findings suggest that inhomogeneities of refractory periods may cause AF in patients with 
MVP. This inhomogeneity may be a result of autonomic imbalance or abnormalities. 


Prognostic Significance of Exercise-induced Left Ventricular Dysfunction in Chronic Aortic Regurgitation 


DAVID S. GEE, JACK E. JUNI, JOHN T. SANTINGA, and ANDREW J. BUDA 


The significance of a preoperative decrease in exercise left ventricular (LV) ejection fraction (EF) in patients with 
chronic aortic regurgitation (AR) is uncertain. To examine this further, 23 patients were investigated who had 
hemodynamically significant AR and who underwent rest and exercise radionuclide angiography before and after 
valve replacement. Preoperatively, exercise LVEF decreased significantly (p <0.001). Postoperatively, exercise 
LVEF increased significantly (p <0.01 compared to preoperative values). After a mean follow-up of 30 months, 
most patients who survived surgery were asymptomatic and there were no late cardiac related deaths. Our data 
suggest that most patients improve exercise LVEF after valve replacement for chronic AR despite an abnormal 
preoperative exercise study. In addition, a preoperative decrease in exercise LVEF in patients with significant AR 
does not predict a poor postoperative outcome. 


E 610 Clinical and Echocardiographic Observations in Pulmonary Valve Endocarditis 


- 614 
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ANNE-CLAUDE CREMIEUX, SERGE WITCHITZ, MARIE-CHRISTINE MALERGUE, MICHEL WOLFF, 
DANIEL VITTECOCQ, JEAN-LOUIS VILDE, JACQUES FROTTIER, PIERRE ETIENNE VALERE, 
CLAUDE GIBERT, and ADRIEN G. SAIMOT 


Clinical and echocardiographic data on 12 patients with pulmonary valve endocarditis are described. Seven 
patients had isolated pulmonary endocarditis and in 5 patients other valves were infected (aortic, tricuspid or 
mitral or all 3). Two patients were heroin addicts and 4 had underlying heart disease (congenital heart disease [3 
patients] or aortic regurgitation [1 patient]). The organisms involved were alpha streptococci in 3 patients (all 
with underlying heart disease), Staphylococcus aureus in 4, Streptococcus D bovis in 1 patient and Candida 
guillermondii in 1. M-mode and 2-dimensional echocardiography, performed in 10 patients, revealed vegetations 
in 8. Pulsed Doppler echocardiography, performed in 6 patients, revealed pulmonary regurgitation in all 6. Four 
patients underwent surgery, 4 died, including 1 patient after heart surgery, and 5 recovered with antibiotic 
treatment. 


CARDIOMYOPATHY 


Echocardiographic and Doppler Flow Observations in Obstructed and Nonobstructed Hypertrophic 
Cardiomyopathy 


JULIUS M. GARDIN, ALI DABESTANI, GORDON A. GLASGOW, SAMUEL BUTMAN, CORA S. BURN, 
and WALTER L. HENRY 


Doppler ascending aortic flow velocity was recorded in 20 patients with hypertrophic cardiomyopathy: 12 with 
left ventricular (LV) outflow gradients at rest (obstructed HC) and 8 without significant gradients (nonobstructed 
HC) and in 20 normal subjects. Peak aortic flow velocity was similar in all 3 groups. However, mean ejection time 
from the Doppler tracing or aortic valve echogram was significantly longer in patients with obstructed HC (345 + 
30 ms) than in those with nonobstructed HC (296 + 24 ms, p <0.02) or normal subjects (294 + 19 ms, p « 0.01). 
A rapid midsystolic decrease in aortic flow velocity was seen in 11 of 12 patients with obstructed HC, but not in 
those with nonobstructed HC or normal subjects. Furthermore, Doppler left atrial recordings showed mitral 
regurgitation in 4 of 5 patients with obstructed HC but in none of 6 patients with nonobstructed HC. Continued LV 
minor-axis shortening and mitral regurgitant flow after mitral valve-septal contact suggests that early decelera- 
tion of aortic flow in the patient with obstructed HC is at least partially a result of impedance to LV outflow by the 
mitral valve with redirection of blood into the left atrium. 


MISCELLANEOUS TOPICS 
Primary Acute Pericardial Disease: A Prospective Series of 231 Consecutive Patients 


G. PERMANYER-MIRALDA, J. SAGRISTÁ-SAULEDA, and J. SOLER-SOLER 
A series of 231 patients with primary acute pericardial disease were studied according to a prospective protocol. 


In 32 patients (1496) a specific etiologic diagnosis was made. Diagnostic pericardiocentesis (32 patients) was 
performed when clinical activity and effusion persisted for longer than 1 week or when purulent pericarditis was 


Continued on page A30 
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. The" beta-dilator* response: 
control within minutes 


Action within a minute. Trandate“ (labetalol HCI/Glaxo) TOP 
rapidly, predictably lowers blood pressure ‘by. lowering total peripheral" . 
resistance (TPR), while maintaining cardiac output.*? The "beta-dilator n 
effect.of simultaneous beta blockade and alpha blockade-induced 
vasodilation ts apparent. within a minute. 


| Rapid control. Fúll: effect of an. iV dose i IS apparent in 5to 10 
minutes: helps avoid; ‘AYpotensive ' ‘overshoot’ , facilitates monitoring. 


Cost control. 'Rapid effect may shorten hospital stay and 
; beneficially affect costs under DRG's: 


Well tolerated.* The most commonly reportéd adverse reactions:, - 
‘postural Roten dizziness,* paresthesias, increased sweating | 
and.nàusea. | 


Smooth Cistin to oral therapy with the same Satin 
Control of: hypertensive crisis with Trandate Injection allows continued | 
control on oral.therapy with no need to change agents. 
] Trandate Injection—the “béta-dilator s response to hypertensive 
| .emergeneies : .another original product of Glaxo research. 


* Patients should always be kept in a supine position during IV drug administration. See DOSAGE AND ADMINISTRATION section 
of Prescwbing information before initiating therapy 

' The episodes of postural hypotension and dizziness occurred primarily in one study in which patients were placed in an upright 
position wathinrthree hours of dosing for evaluation 


For E digcussion of ADVERSE REACTIONS. please see Brief Summary of Prescribing Information 
on the last page of this advertisement. —- g , 
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æv Trandate Injection can be administered as repeated IV injections, or 
by continuous infusion 

aur After initial dosing, further blood pressure reductions can be 
achieved with additional injections or by slow continuous infusion 

æ Discontinue Trandate Injection when blood pressure goal is 
achieved— when supine blood pressure has begun to rise, oral 
therapy may be initiated 

aur Patients should be kept in the supine position during IV drug 
administration. See DOSAGE AND ADMINISTRATION section 
of Prescribing Information before initiating therapy 
For a discussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the last page of this advertisement. 


References: 1. Wallin JD, O'Neill WM Jr: Labetalol, current research and therapeutic status. Arch Intern Med 1983; 
143:485-490. 2. MacCarthy EP Bloomfield S: Labetalol: a review of its pharmacology, pharmacokinetics, clinical uses and 
adverse effects. Pharmacotherapy 1983;3(4): 193-219 
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TRANDATE® Injection 
(labetalol hydrochloride) 
BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: TRANDATE® (labetalol HCI) Injection is indicated for control of blood 
pressure in severe hypertension. 


CONTRAINDICATIONS: TRANDATE® injection is contraindicated in bronchial asthma, overt cardiac 
failure, greater than first degree heart block, cardiogenic shock, and severe bradycardia (see 
WARNINGS). 

WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure. Beta blockade carries a potential hazard of further depressing my- 
ocardial contractility and precipitating more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, labetalol HC! can be used with caution in patients with 
a history of heart failure who are well-compensated. Congestive heart failure has been observed in 
patients receiving labetalol! HCI. Labetalo! HCI does not abolish the inotropic action of digitalis on 
heart muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, 
continued depression of the myocardium with beta-blocking agents over a period of time can in some 
cases lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should 
be fully digitalized and/or be given a diuretic, and the response observed closely. If cardiac failure 
continues, despite adequate digitilization and diuretic, TRANDATE® therapy should be withdrawn 


- (gradually, if possible). 


Ischemic Heart Disease: Angina pectoris has not been reported upon labetalol HCI discontinua- 
tion. However, following abrupt cessation of therapy with some beta-blocking agents in patients with 
coronary artery disease, exacerbations of angina pectoris and, in some cases, myocardial infarction 
have been reported. Therefore, such patients should be cautioned against interruption of therapy 
without the physician's advice. Even in the absence of overt angina pectoris, when discontinuation of 
TRANDATE is planned, the patient should be carefully observed and should be advised to limit phys- 
ical activity. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE admin- 
istration should be reinstituted promptly, at least temporarily, and other measures appropriate for the 
management of unstable angina should be taken. 

Nonallergic Bronchospasm (eg, chronic bronchitis and emphysema): Since TRANDATE In- 
jection at the usual intravenous therapeutic doses has not been studied in patients with nonallergic 
bronchospastic disease, it should not be used in such patients. 

Pheochromocytoma: Intravenous labetalol HCI has been shown to be effective in lowering the 
blood pressure and relieving symptoms in patients with pheochromocytoma; higher than usual doses 
may be required. However, paradoxical hypertensive responses have been reported in a few patients 
with this tumor; therefore, use caution when administering labetalol HCI to patients with 
pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia: 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major 
surgery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic ac- 
tivity has not been evaluated in this setting. 

A synergism between labetalo! HCI and halothane anesthesia has been shown (see Drug 
Interactions). 

Rapid Decreases of Blood Pressure: Caution must be observed when reducing severely elevated 
blood pressure. Although such findings have not been reported with intravenous labetalol HCI, a num- 
ber of adverse reactions, including cerebral infarction, optic nerve infarction, angina and ischemic 
changes in the electrocardiogram, have been reported with other agents when severely elevated blood 
pressure was reduced over time courses of several hours to as long as 1 or 2 days. The desired blood 
pressure lowering should therefore be achieved over as long a period of time as is compatible with 
the patient's status. 

PRECAUTIONS: General: /mpaired hepatic function may diminish metabolism of TRANDATE* 
Injection. 

Hypotension: Symptomatic postural hypotension (incidence 5896) is likely to occur if patients are 
tilted or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. 
Therefore, the patient's ability to tolerate an upright position should be established before permitting 
any ambulation. 

Jaundice or Hepatic Dysfunction: On rare occasions, oral labetalol HCI has been associated 

with jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with labetalol 
HCI be stopped immediately should a patient develop jaundice or laboratory evidence of liver injury. 
Both have been shown to be reversible on stopping therapy. 
Information for Patients: The following information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. During and im- 
mediately following (for up to 3 hours) TRANDATE Injection, the patient should remain supine. Sub- 
sequently, the patient should be advised on how to proceed gradually to become ambulatory, and 
should be observed at the time of first ambulation. 

When the patient is started on TRANDATE Tablets, following adequate control of blood pressure 
with TRANDATE Injection, appropriate directions for titration of dosage should be provided (see DOS- 
AGE AND ADMINISTRATION). 

As with all drugs with beta-blocking activity, certain advice to patients being treated with labetalol 

HCI is warranted: While no incident of the abrupt withdrawal phenomenon (exacerbation of angina 
pectoris) has been reported with labetalol HCI, dosing with TRANDATE Tablets should not be inter- 
rupted or discontinued without a physician's advice. Patients being treated with TRANDATE Tablets 
should consult a physician at any sign of impending cardiac failure. Also transient scalp tingling may 
occur, usually when treatment with TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 
Laboratory Tests: Routine laboratory tests are ordinarily not required before or after intravenous 
labetalol HCI. In patients with concomitant illnesses, such as impaired renal function, appropriate 
tests should be done to monitor these conditions. 
Drug Interactions: Since TRANDATE (labetalol HC!) Injection may be administered to patients al- 
ready being treated with other medications, including other antihypertensive agents, careful monitor- 
ing of these patients is necessary to detect and treat promptly any undesired effect from concomitant 
administration. 

In one survey, 2.3% of patients taking labetalol HCI orally in combination with tricyclic antidepres- 
sants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. The con- 
tribution of each of the treatments to this adverse reaction is unknown, but the possibility of a drug 
interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor ag- 
onist drugs in patients with bronchospasm; therefore, doses greater than the normal anti-asthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCl administered orally. 
Since this could be explained either by enhanced absorpticn or by an alteration of hepatic metabolism 


- of labetalol HCI, special care should be used in establishing the dose required for blood pressure con- 


trol in such patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labeta- 
lol HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, 
high concentrations (396 or above) of halothane should not be used because the degree of hypotension 
will be increased and because of the possibility of a large reduction in cardiac output and an increase 
ns RON pressure. The anesthesiologist should be informed when-a patient is receiving la- 

etalol HCI. 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 
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Drug/Laboratory Test Interactions: The presence of a metabolite of labetalol in the urine may — 
result in falsely increased levels of urinary catecholamines when measured by a nonspecific trihy- — 
droxyindole (THI) reaction. In screening patients suspected of having a pheochromocytoma and being 
treated with labetalol HCI, specific radioenzymatic or high performance liquid chromatography assay 
techniques should be used to determine levels of catecholamines or their metabolites. $ 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with la- 
betalol HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. Stud- 
ies with labetalol HCI, using dominant lethal assays in rats and mice, and exposing microorganisms 
according to modified Ames tests, showed no evidence of mutagenesis. 

Pregnancy Category C: Teratogenic studies have been performed with labetalol in rats and rabbits at 
oral doses up to approximately 6 and 4 times the MRHD, respectively. No reproducible evidence of feta! 
malformations was observed, Increased fetal resorptions were seen in both species at doses approx- 
imating the MRHD. There are no adequate and well-controlled studies in pregnant women. Labetaloi 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
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Nonteratogenic Effects: Infants of mothers who were treated with labetalol HCI for hypertension ^f | 
during pregnancy did not appear to be adversely affected by the drug. Oral administration of labetalol * 
to rats during late gestation through weaning at doses of 2 to 4 times the MRHD caused a decrease 5s 
in neonatal survival. E 
Labor and Delivery: Labetalol HC! given to pregnant women with hypertension did not appear to dh 
affect the usual course of labor and delivery. CS 
Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are ex- i Y 


creted in human milk. Caution should be exercised when TRANDATE® (labetalol HCI) Injection is ad- 
ministered to à nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: TRANDATE® Injection is usually well tolerated. Most adverse effects have 
been mild and transient and, in controlled trials involving 92 patients, did not require labetalol HCI 
withdrawal. Symptomatic postural hypotension (incidence 5896) is likely to occur if patients are tilted 
or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. Moderate 
hypotension occurred in 1 of 100 patients while supine. Increased sweating was noted in 4 of 100 pa- 
tients, and flushing occurred in 1 of 100 patients. 

de following also were reported with TRANDATE Injection with the incidence per 100 patients as 
noted: 

Cardiovascular System: Ventricular arrhythmia in 1. 

Central and Peripheral Nervous Systems: Dizziness in 9; tingling of the scalp/skin in 7; hy- 
poesthesia (numbness) and vertigo in 1 each. 

Gastrointestinal System: Nausea in 13; vomiting in 4; dyspepsia and taste distortion in 1 each. 

Metabolic Disorders: Transient increases in blood urea nitrogen and serum creatinine levels oc- 
curred in 8 of 100 patients; these were associated with drops in blood pressure, generally in patients 
with prior renal insufficiency. 

Psychiatric Disorders: Somnolence/yawning in 3. 

Respiratory System: Wheezing in !. E | 

Skin: Pruritus in 1. ^d 

j 


pe RP 
gt c rasia: 


ANTES 
D M 


PU " 
iae E ca 





1 


The incidence of adverse reactions depends upon the dose of labetalol HCI. The largest experience P^ 
is with oral labetalol HCI (see TRANDATE Tablet Product Information for details.) Certain of the side bikes 
effects increased with increasing oral dose as shown in the table below which depicts the entire U.S. AF 


therapeutic trials data base for adverse reactions that are probably or possibly dose-related. . 4 
Labetalol HCI "m 
Daily Dose (mg) niit Pda ee sss 
Number of Patients 522 181 606 608 503 117 41! 242 175 $ 
Dizziness (%) 2 3 3 3 5 1 9 13 16 

Fatigue 2 1 4 4 5 3 7 6 10 1 
Nausea <1 0 1 2 4 0 7 11 19 
Vomiting 0 LBS 5 S PR 0 1 2 3 
Dyspepsia 1 0 2 1 1 0 2 2 4 i 
Paresthesias 2 0 2 2 1 1 2 5 5 V 
Nasal Stuffiness 1 1 2 2 2 2 4 5 6 ' 
Ejaculation Failure 0 2 1 2 3 0 4 3 5 ; 
Impotence 1 1 1 1 2 4 3 4 3 5 
Edema 1 0 1 1 1 0 1 2 2 


The oculomucocutaneous syndrome associated with the beta-blocker practolol has not been re- 
ported with labetalo! HC! during investigational use and extensive foreign marketing experience. 
Clinical Laboratory Tests: Among patients dosed with TRANDATE Tablets, there have been re- 
versible increases of serum transaminases in 4% of patients tested and, more rarely, reversible in- 
creases in blood urea. 

OVERDOSAGE: Overdosage with TRANDATE® Injection causes excessive hypotension which is pos- 
ture sensitive and, sometimes, excessive bradycardia. Patients should be laid supine and their legs 
raised if necessary to improve the blood supply to the brain. The following additional measures should 
be employed if necessary: Excessive bradycardia—administer atropine (3.0 mg). If there is no re- . 
sponse to vagal blockade, administer isoproterenol cautiously. Cardiac failure—administer a digi- 









talis glycoside and a diuretic. Hypotension—administer vasopressors, eg, norepinephrine. There is » 
pharmacological evidence that norepinephrine may be the drug of choice. Bronchospasm- —admin- we 
ister a betaz-stimulating agent and/or a theophylline preparation. E 
If overdosage with labetalol HCI follows oral ingestion, gastric lavage or pharmacologically induced LH. 
emesis (using syrup of ipecac) is useful for removal of the drug shortly after ingestion. Labetalol HCI T3 
can be removed from the general circulation by hemodialysis. 
The oral LDss value of labetalol HCI in the mouse is approximately 600 mg/kg and in the rat is 
greater than 2 g/kg. The intravenous LDso in these species is 50 to 60 mg/kg. 
DOSAGE AND ADMINISTRATION: Initiation of Dosing with TRANDATE Tablets: Subsequent 
oral dosing with TRANDATE Tablets should begin when it has been established that the supine dia- 
stolic blood pressure has begun to rise. The recommended initial dose is 200 mg, followed in 6-12 E» 
hours by an additional dose of 200 mg or 400 mg, depending on the blood pressure response. There- ] 
after, inpatient titration with TRANDATE Tablets may proceed as follows: | 
Inpatient Titration Instructions a 
Regimen Daily Dose* 4 
200 mg bid 400 mg d. 
400 mg bid 800 mg E 
800 mg bid 1600 mg ** 
1200 mg bid 2400 mg di 
*|f needed, the total daily dose may be given in three divided doses. | 
While in the hospital, the dosage of TRANDATE (labetalol HC!) Tablets may be increased at one-day fl 
intervals to achieve the desired blood pressure reduction. i j 
For subsequent outpatient titration or maintenance dosing see TRANDATE Tablets Product Infor- 
mation DOSAGE AND ADMINISTRATION for additional recommendati 15 
HOW SUPPLIED: TRANDATE® Injection, 5 mg/ml, is suppliggtif 2 Omg) ampules, box of 1 j; 
(NDC 0173-0350-59). 2. Mtr, * 
Store between 2° and 30° C (36° and 86° F.) Do not/ftéeze.' 
Manufactured for Glaxo Inc. Research Triangle Park, NG” October 1984 z 
by Schering Pharmaceutical Corporation (PR). Manati f D 
© Copyright 1984, Glaxo Inc. All rights reserved. 1 
Glaxo 4 P: 
Glaxo, Inc., Research Triangle Park, NC 27709 Ente * 4 vis 
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suspected; therapeutic pericardiocentesis (44 patients) was performed to treat tamponade. Diagnostic biopsy 

(20 patients) was carried out when illness persisted for longer than 3 weeks; therapeutic biopsy was performed 

whenever pericardiocentesis failed to relieve tamponade. The diagnostic yield difference between diagnostic 
(6%) and therapeutic (3596) procedures was significant (p <0.001). Thus, a diagnostic procedure is not 
e warranted as a routine method. A choice between therapeutic pericardiocentesis and biopsy is circumstantial 
and has to be individualized. Only through a systematic approach can a substantial diagnostic yield be reached in 
Wo. 3 primary acute pericardial disease. 


Proteins (Actin and Myosin) 


: 631  Post-Cardiac Injury Syndrome and an Increased Humoral Immune Response Against the Major Contractile 

A IVAN DE SCHEERDER, JOEL VANDEKERCKHOVE, JOHAN ROBBRECHT, LUC ALGOED, 

MARC DE BUYZERE, JORIS DE LANGHE, GUIDO DE SCHRIJVER, and DENIS CLEMENT 

Two models of cardiac injury were studied—cardiotomy (CT) and acute myocardial infarction (AMI)—and the 
level of anti-heart antibodies was determined. Significantly more patients had post-cardiac injury syndrome 


be | (PCIS) after CT than after AMI. CT patients showed a significantly higher humoral immune response than the AMI 

ENS patients. 

" 

. 634 Cardiovascular Deconditioning Produced by 20 Hours of Bedrest with Head-Down Tilt (—5°) in Middle-Aged 
Healthy Men 

PA, F. ANDREW GAFFNEY, J.V. NIXON, ERLING S. KARLSSON, WILLIAM CAMPBELL, A.B.C. DOWDEY, 


RU and C. GUNNAR BLOMQVIST 


Cardiovascular deconditioning after prolonged bedrest has been attributed mainly to inactivity. To examine the 
| role of body fluid shifts, 5 healthy middle-aged men were studied before, during and after a 20-hour period of 
P^ bedrest with head-down tilt (—5°). This intervention produces a marked central shift of intravascular and interstitial 
$ fluid, but the short duration minimizes effects of inactivity. Central venous pressure, cardiac output and stroke 
volume increased initially but returned to baseline levels within 20 hours. Supine central venous pressure after tilt 
2 was lower than the value before tilt. After tilt there was orthostatic intolerance and a decreased maximal oxygen 
consumption associated with higher heart rates, lower stroke volumes and a 0.5 1-liter decrease in blood volume. 
These hemodynamic conditions were qualitatively and quantitatively similar to those seen after 2 to 3 weeks of 
bedrest or spaceflight. The results support the concept that cardiovascular deconditioning after bedrest is 
primarily an adaptation to a postural fluid shift rather than to inactivity. 
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639 Safety of Outpatient Cardiac Catheterizations 
W. PETER KLINKE, GEORGE KUBAC, TAL TALIBI, and SIMON J.K. LEE 


All outpatient cardiac catheterizations performed over a 66-month period were analyzed. A total of 3,071 
E outpatient cardiac catheterizations (8396 of all catheterizations) were performed. The Judkins approach was 
fe used in over 98% of the catheterizations and 79% of the patients had both right- and left-sided cardiac 

catheterizations and coronary angiography. More than 86% of patients had significant coronary, valvular, 
myocardial or congenital heart disease. Thirty-four patients (1.196) had a major complication, including 4 deaths 
(0.1396). Seventy patients (2.396) were admitted for observation and discharged the following day with no major 
complications. More than 96% of all patients were discharged the same day. These results are similar to those of 
previous studies of cardiac catheterization. It is concluded that outpatient cardiac catheterization is safe and 
efficient. 


642 Relation of Hemoglobin A, and Blood Glucose to Cardiac Function in Diabetes Mellitus 


RICHARD S. GOLDWEIT, JEFFREY S. BORER, LOIS G. JOVANOVIC, ANDREW J. DREXLER, 
CLARE A. HOCHREITER, RICHARD B. DEVEREUX, and CHARLES M. PETERSON 


The relation of short- and long-term changes in glucose metabolism to cardiac function was studied in 10 young 
insulin-dependent diabetic patients without clinical evidence of heart disease. Radionuclide cineangiography and 
echocardiography were used before and after both acute variations in blood glucose levels, and induction of 
chronic “‘tight glucose control" involving normalization of hemoglobin A+. In diabetic patients, left ventricular (LV) 
ejection fraction (EF) at normal blood glucose concentration was indistinguishable from values in 11 normal 


Continued on page A36 


A30 





CL AS'STETED 


ENDOWED CHAIR IN CARDIOVASCULAR RESEARCH: 


The Department of Medicine of the University of Florida, 
College of Medicine is seeking applications for an endowed 
Chair in Cardiovascular Research. The endowed Chair, with 
assets in excess of one million dollars, was established by 
the State of Florida s Eminent Scholars Program and was 
made possible by generous contributions from the Sun- 
coast Heart Association. The individual who will fill the 
Chair will have a full-time faculty appointment (Professor) 
in the Division of Cardiology of the Department of Medicine 
of the University of Florida College of Medicine. The ap- 
pointee should have an M.D. or Ph.D. degree and a well- 
established, creative and productive investigative program 
in cardiovascular research. Salary is negotiable. Anticipat- 
ed starting date is July 1, 1986. Interested individuals should 
write by February 28, 1986: James E. McGuigan, M.D., 
Chairman, Search Committee, Chair in Cardiovascular Re- 
search, Department of Medicine, College of Medicine, Box 
J-277, University of Florida Health Center, Gainesville, FL 
32610. The University of Florida is an Equal Opportunity/ 
Affirmative Action Employer. 


Critical Care Specialist—BC in IM plus BC/BE in 
Cardio. or Resp. or Critical Care. Part-time ICU Director, 
Part-time practice in multisubspec. IM Group. Medical 
School Affiliated. Upstate NY. Please reply to Box 455, 
The American Journal of Cardiology, 875 Third Ave., 
New York, NY 10022. 





CARDIOLOGIST 


Non-invasive/invasive Certified/Eligible Nuclear/Electrophysiology 
preferred (but not required) to join two man multifaceted practice in 
Sun Belt area. Practice is hospital base, consultative, office, CATH, 
including PTCA, pacemakers, non-invasive testing, including 2D Echo 
and Nuclear. Salary first year leading to partnership. Send CV to Box 
445, The American Journal of Cardiology, 875 Third Ave., New York, 
NY 10022. 


Full-Time Faculty position at Assistant Professor level 
available January 1, 1986 in the Division of Cardiology, Uni- 
versity of Colorado Health Sciences Center. Applicants 
must be fully trained in Cardiology with special emphasis on 
cardiac catheterization. Applicants should have extensive 
training and be desirous of growth in independent cardiovas- 
cular research; preference will be given to those with a 


dedicated interest in basic cardiovascular research. DEAD- 


LINE FOR APPLICATIONS is November 15, 1985. Send cur- 
riculum vitae to: L. D. Horwitz, M.D., Head, Division of Cardi- 
ology, University of Colorado Health Sciences Center, 4200 
East Ninth Avenue, Box B-130, Denver, CO 80262. The Uni- 
versity of Colorado Health Sciences Center is an equal Op- 
portunity Employer. . 
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Cure The problem is life insurance. Too 


often, patients who need by-pass surgery can't 
get life insurance at any price. But now, that's a 
complication you can help remedy with this 
breakthrough... 


Introducing Coronary Life""...the only 
$250,000.00 life insurance program 
exclusively for angiogram and by-pass 
candidates. 


That's right! By-pass surgery has evolved to a 
point where life insurance is now available prior 
to surgery, even prior to the angiogram. 


Acceptance is guaranteed — for up to 
$250,000.00 of coverage — to angiogram and 
by-pass candidates age 40 to 60 who can say 
^no" to 4 simple health questions. 


_ ASK FOR FREE PATIENT INFORMATION 
. This innovative program can give by-pass 
candidates the confidence about their families' 
-financial security that additional life insurance 


n 3 can provide. 
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| REHABILITATION IN 


_ | ISCHEMIC HEART DISEASE 


Edited by William P. Blocker, Jr., M.D., F.A.C.P., Chief, Rehabilitation 


- Medicine Service, V.A. Hospital, Houston, Assistant Professor of Physical 


Medicine, Baylor College of Medicine, Houston, and David Cardus, M.D., 
F.A.C.C., Professor of Physiology and Rehabilitation, Baylor College of 


Medicine, Houston, Texas. 





Heavily illustrated, this volume presents 60 self-contained chapters dealing 


- with a// aspects of rehabilitation of the patient with ischemic heart disease. The 
} 45 noted contributors discuss topics such as: designing a cardiac rehabilitation 
center; methods of rehabilitation for the stroke patient, amputee, spinal cord in- 


jury patient who has had a heart attack; equipment needs for a cardiac 


rehabilitation center; and legal responsibilities of the physicians and therapists. 


All major aspects, from epidemiology and pathogenesis through prevention 


and education are covered, including ambulatory monitoring of electrocardio- 
gram and blood pressure; evaluation of degree of disability; and pathogenesis 


of atherosclerosis. This book contains the most complete list of cardiac risk 
factors to be found in any text. This encyclopedic guide to the total care and 
rehabilitation of cardiac patients is written for every member of the cardiac 


rehabilitation team. 


500 pp., 188 figs. & tbls., large format 8V2 x 11, 1982, $80.00 


CONTENTS 
PREFACE 


PART I. EPIDEMIOLOGICAL ASPECTS 
PART Il. PATHOGENIC ASPECTS 


PART IlI. CLINICAL ASPECTS 


PART IV. EVALUATIVE ASPECTS 
PART V. MANAGEMENT ASPECTS 
PART VI. PREVENTIVE ASPECTS 

. PART VII. ADMINISTRATIVE ASPECTS 
PART VIII. EDUCATIONAL ASPECTS 
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Send orders to: 


Yorke Medical Books 
Box C-757, Brooklyn, NY 11205 


Please send me Rehabilitation in Ischemic Heart Disease (00028) on 30 day approval. 
O Enclosed is my check for $80.00 plus $1.50 for handling. Yorke pays postage (same 


return privilege). 
[.] Please charge my 


Card No. 
MC Interbank No. 


O VISA 


Name 
Address 
City/State/ Zip 


C] MasterCard 


Mee NCC PET S 
O Please bill me plus postage and handling (U.S. & Canada only). 


ORDER FORM 


(same return privilege). 








Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI. NY, OH, PA, TX. All foreign 
orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per 
book for all orders to be shipped outside the U.S. and Canada. 
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® TABLETS 


80 mg and 120 mg 


Ca 


(verapamil HCI) 


Contraindications: Severe left ventricular dysfunction 
(see Warnings), hypotension (systolic pressure <90 mm 
Hg) or cardiogenic shock, sick sinus syndrome (if no 
pacemaker is present), 2nd- or 3rd-degree AV block. 
Warnings: Verapamil should be avoided in patients with 
severe left ventricular dysfunction (eg, ejection frac- 
tion< 30%) or moderate to severe symptoms of cardiac 
failure. Control milder heart failure with optimum digital- 
ization and/or diuretics before Calan is used. Calan may 
occasionally produce hypotension, usually asymptomat- 
ic, orthostatic, mild, and controlled by decrease in Calan 
dose. Elevations of liver enzymes have been reported. 
Four cases have been demonstrated to be produced by 
verapamil. Periodic monitoring of liver function in pa- 
tients on verapamil is prudent. Patients with atrial flut- 
ter/fibrillation and an accessory AV pathway (eg, WPW 
or LGL syndromes) may develop a very rapid ventricular 
response after receiving verapamil (or digitalis). Treat- 
ment is usually D.C.-cardioversion. AV block may occur 
(3rd-degree, 0.8%). Development of marked 1st-degree 
block or progression to 2nd- or 3rd-degree block re- 
quires reduction in dosage or, rarely, discontinuation and 
institution of appropriate therapy. Sinus bradycardia, 2nd- 
degree AV block, sinus arrest, pulmonary edema and/or 
severe hypotension were seen in some critically ill pa- 
tients with hypertrophic cardiomyopathy who were 
treated with verapamil. 
Precautions: Verapamil should be given cautiously to 
patients with impaired hepatic function (in severe dys- 
function use about 30% of the normal dose) or impaired 
renal function, and patients should be monitored for ab- 
normal prolongation of the PR interval or other signs of 
overdosage. Studies in a small number of patients sug- 
gest that concomitant use of Calan and beta-blockers 
may be beneficial in patients with chronic stable angina. 
Combined therapy can also have adverse effects on car- 
diac function. Therefore, until further studies are com- 
pleted, verapamil should be used alone if possible. If 
combined therapy is used, patients should be monitored 
closely. Combined therapy with verapamil and propran- 
olol should usually be avoided in patients with AV con- 
duction abnormalities and/or depressed left ventricular 
function or in patents who have also recently received 
methyldopa. Chronic verapamil treatment increases se- 
rum digoxin levels by 50% to 70% during the first week 
of therapy, which can result in digitalis toxicity. The di- 
goxin dose should be reduced when verapamil is given, 
and the patient carefully monitored. Verapamil may have 
an additive hypotensive effect in patients receiving blood- 
pressure-lowering agents. Disopyramide should not be 
given within 48 hours before or 24 hours after verapamil 
administration. Until further data are obtained, com- 
bined verapamil and quinidine therapy in patients with 
hypertrophic cardiomyopathy should probably be avoid- 
ed, since significant hypotension may result. Adequate 
animal carcinogenicity studies have not been performed. 
One study in rats did not suggest a tumorigenic poten- 
tial, and verapamil was not mutagenic in the Ames test. 
Pregnancy Category C. There are no adequate and well- 
controlled studies in pregnant women. This drug should 
be used during pregnancy, labor, and delivery only if clearly 
needed. It is not known whether verapamil is excreted in 
breast milk; therefore, nursing should be discontinued 
during verapamil use. 
Adverse Reactions: Hypotension (2.9%), peripheral 
edema (1.7%), AV block: 3rd-degree (0.8%), bradycar- 
dia: HR —50/min (1.1%), CHF or pulmonary edema (0.9%), 
dizziness (3.696), heacache (1.89€), fatigue (1.196), con- 
stipation (6.3%), nausea (1.6%); elevations of liver en- 
zymes have been reported (see Warnings). The follow- 
ing reactions, reported in less than 0.596 of patients, 
occurred under circumstances where a causal relation- 
ship is not certain: confusion, paresthesia, insomnia, 
somnolence, equilibrium disorders, blurred vision, syn- 
cope, muscle cramps, shakiness, claudication, hair loss, 
macular eruptions, spotty menstruation, ecchymosis, 
bruising, gynecomastia, and psychotic symptoms. Over- 
all continuation rate was 94.5% in 1, 166 patients. 
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to cardiac. 

And imaging 
has never 
looked better. 











Until recently, fast accurate measurement, in real time, 
of blood flow and gradient was not possible by noninva- 
sive means. Color Doppler analysis has changed this 
dramatically. 

Toshiba's SSH-65A makes use of the Doppler Effect, 
whereby direction of flow produces changes in frequency, 
visible in gradations from red to blue. Flow abnormalities, 

for example regurgitations, are shown as color coded pro- 
files and their severity can be quantified using the FFT- 
doppler spectrum. R 

images naturally meets Toshi- 

ba’s exacting requirements. 


A single unit offers total car- 
diac phase study, through two- 
Never before has the invisible been rendered so visible! 


dimensional real-time blood 
flow imaging; quantitative 
blood analysis in any ROI, 
through Pulsed Wave Doppler; 
and measurement of high 
blood flow by Continuous Wave 
Doppler. 

The high resolution of the 
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subjects. However, during hyperglycemia (about 300 mg/dl), average EF at rest was 61%, significantly higher 
than during normoglycemia (56 % ). No significant change in LV diastolic dimension was noted in association with 
shifts in glucose concentrations. Normalization of hemoglobin A; was achieved in 6 to 25 weeks, and had no sig- 
nificant effect on LVEF or response of systolic function to blood glucose levels. Thus, in insulin-dependent 
diabetic patients with overt heart disease, variation in blood glucose, but not hemoglobin A,, is associated with 
small but significant changes in systolic function. 


= 647  Electrophysiologic Evaluation of the Cardiac Conduction System and Its Autonomic Regulation in Familial 
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Amyloid Polyneuropathy 


BO LENNART BERGFELDT, BERT-OVE OLOFSSON, and KNUT OLOF EDHAG 


Cardiac conduction disturbances are a salient feature in familial amyloid polyneuropathy (FAP), and amyloid 
infiltration of the conduction system has been found. This study is the first to have been undertaken to evaluate 
the function of the cardiac conduction system and its autonomic regulation during an invasive electrophysiologic 
study. Seven patients with FAP and with severe disturbances of the conduction system were studied and in 3 of 
them the parasympathetic regulation was found to be abolished. In 1 patient the observations indicated either 
vagal overactivity or denervation oversensitivity of the receptors. The function of 8 adrenoceptors was intact in 
all patients. Thus, dysfunction of the autonomic nervous regulation of the cardiac conduction system was found in 
4 of 7 patients. Autonomic neuropathy of the heart in FAP has been demonstrated. However, most conduction ab- 
normalities were irreversible, indicating amyloid infiltration of the conduction system as the predominant 
pathophysiologic mechanism. 


653 Atrial Septal Aneurysm: Echopolycardiographic Study 


CARLO LONGHINI, MARIA CHRISTIANA BRUNAZZI, GIANFRANCA MUSACCI, MARZIA CANEVA, 
ATTILIO BANDELLO, LORENZO BOLOMINI, MARIO BARBIERO, TIZIANO TOSELLI, and 
FRANCO BARBARESI 


Atrial septal aneurysm with diagnosis during life is a rare reported anomaly. Among 4,000 routine echocardio- 
grams, 23 cases of atrial septal aneurysm were found. Echocardiography revealed various motion patterns of 
atrial septal aneurysm. No phonomechanocardiographic findings were related to the presence of the atrial septal 
aneurysm. This study shows a greater incidence of aneurysm of the atrial septum in living patients than has been 
reported previously, and because of the potential risk, suggests the necessity for a systematic research of the 
atrial septal aneurysm during each routine echocardiographic examination, even if no specific clinical or 
phonocardiographic findings are present. 
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— 657 Measurement of Cardiac Output by Cine Computed Tomography 


JEFFREY S. GARRETT, PETER LANZER, WERNER JASCHKE, ELIAS BOTVINICK, RICHARD SIEVERS, 
CHARLES B. HIGGINS, and MARTIN J. LIPTON 


High-speed computed transmission tomography (cine CT) is a new noninvasive technique that is useful for the 
rapid, accurate quantitation of cardiac function. The capability of cine CT to assess cardiac output was examined 
in10 mongrel dogs as an initial step in validating this method. Scans and thermodilution measurements of cardiac 
output were obtained at rest and during altered hemodynamic states induced by separate infusions of dobutamine 
and phenylephrine. Using the Stewart-Hamilton equation established for indicator dilution techniques, cardiac 
output was calculated. The results established a direct linear correlation (r = 0.92) between cine CT cardiac 
output and thermodilution cardiac output over a wide range of cardiac outputs (1.5 to 6.3 liters/min). This study 
demonstrates that cine CT can provide a reliable estimate of cardiac output noninvasively using contrast medium 
as an indicator in dogs. 


662 Reduction of Laser-Induced Pathologic Tissue Injury Using Pulsed Energy Delivery 
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LAWRENCE |. DECKELBAUM, JEFFREY M. ISNER, ROBERTA FORTIN DONALDSON, 
RICHARD H. CLARKE, SYLVIE LALIBERTE, ALON S. AHARON, and JEFFREY S. BERNSTEIN 


To determine if the pathologic injury typical of continuous-wave laser irradiation can be eliminated by altering the 


profile of laser energy delivery, 145 myocardial slices were irradiated using wavelengths of 248, 355, 488 to 515, 
532, 1,064 or 10,600 nm from either an excimer, Nd-Y AG, argon or CO; laser. Energy profile ranged from 
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Low incidence of side effects 
CARDIZEM® (diltiazem HCl) 


produces an incidence of adverse 
reactions not greater than that 
reported with placebo therapy, 

— thus contributing to the patient's 

»  . sense of well-being. 

| *Cardizem is indicated in the treatment of angina pectoris due to 


_ coronary artery spasm and in the management of chronic stable 
PR. angina (classic effort-associated angina) in patients who cannot 
RÀ tolerate eec cd eie beta-blockers acy nitrates or who remain 
is symptomatic despite adequate doses of 10e agents. 

... References: 
æ Ll. Strauss WE, McIntyre KM, Parisi AF, et al: Safety and efficacy 
mud NW pf. diltiazem hydrochloride for the treatment of stable angina 


poris: pon of a cooperative clinical trial. Am J Cardiol 






A = inducible chro le angina with diltiazem: P on 
= ee exercise. Chest 7E 78 (July suppl):254-238, 1980. 


EIE App 
= Ong ay t = Rane e C 
bs (— 8. Pool PE, Seagren ! 8C, Bonanno JA, et al: The treatment of exercise- 








D. 
Reduces angina attack frequency* 
42% to 4696 decrease reported in 
multicenter study: 


Increases exercise tolerance* 
In Bruce exercise test? control 
patients averaged 8.0 minutes to 
onset of pain; Cardizem patients 
averaged 9.8 minutes (P<.005). 


diltiazem HCl) 


THE BALANCED 
CALCIUM CHANNEL BLOCKER 


Please see full prescribing information on following page. 


\ PROFESSIONAL USE INFORMATION 


€ Giliazem HC!) - 

30 mg and 60 mg tablets 
DESCRIPTION 
. CARDIZEM” (diltiazem hydrochloride) is a calcium ion influx 
inhibitor (slow channel blocker or calcium antagonist). Chemically, 
diltiazem hydrochloride is 1,5-Benzothiazepin-4(5H)one, 3-(acetyloxy) 
-5-[2-(dimethylamino)ethyl ]-2,3-dihydro-2-(4-methoxyphenyl)-, 
monohydrochloride ( -- ) -cis-. The chemical structure is: 
OCH, 





e HCI 


S 

Q OCOCH, 
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CH5CH5N(CH4); 


Diltiazem hydrochloride is a white to off-white crystalline powder 
with a bitter taste. It is soluble in water, methanol, and chloroform. 
It has a molecular weight of 450.98. Each tablet of CARDIZEM 
contains either 30 mg or 60 mg diltiazem hydrochloride for oral 
administration. 


CLINICAL PHARMACOLOGY 4 

The therapeutic benefits achieved with CARDIZEM are believed 
to be related to its ability to inhibit the influx of calcium ions 
iae membrane depolarization of cardiac and vascular smooth 
muscle. 

Mechanisms of Action. Although precise mechanisms of its 
antianginal actions are still being delineated, CARDIZEM is believed 
to act in the following ways: 

1. Angina Due to Coronary Artery Spasm: CARDIZEM has been 
shown to be a potent dilator of coronary arteries both epicardial 
and subendocardial. Spontaneous and ergonovine-induced cor- 
onary artery spasm are inhibited by CARDIZEM. 

2. Exertional Angina: CARDIZEM has been shown to produce 
increases in exercise tolerance, probably due to its ability to 
reduce myocardial oxygen demand. This is accomplished via 
reductions in heart rate and systemic blood pressure at submaximal 
and maximal exercise work loads. 

In animal models, diltiazem interferes with the slow inward 
(depolarizing) current in excitable tissue. It causes excitation-contraction 
uncoupling in various myocardial tissues without changes in the 
configuration of the action potential. Diltiazem produces relaxation 
of coronary vascular smooth muscle and dilation of both large and 
small coronary arteries at drug levels which cause little or no 
negative inotropic effect. The resultant increases in coronary blood 
flow (epicardial and subendocardial) occur in ischemic and nonischemic 
models and are accompanied by dose-dependent decreases in sys- 
temic blood pressure and decreases in peripheral resistance. 

Hemodynamic and Electrophysiologic Effects. Like other 
calcium antagonists, diltiazem decreases sinoatrial and atrioventricu- 
lar conduction in isolated tissues and has a negative inotropic effect 
in isolated preparations. In the intact animal, prolongation of the AH 
interval can be seen at higher doses. 

In man, diltiazem prevents spontaneous and ergonovine-provoked 
coronary artery spasm. It causes a decrease in peripheral vascular 
resistance and a modest fall in blood pressure and, in exercise 
tolerance studies in patients with ischemic heart disease, reduces 
the heart rate-blood pressure product for any given work load. 
Studies to date, primarily in patients with good ventricular function, 
have not revealed evidence of a negative inotropic effect; cardiac 
output, ejection fraction, and left ventricular end diastolic pressure 
have not been affected. There are as yet few data on the interaction 
of diltiazem and beta-blockers. Resting heart rate is usually unchanged 
or slightly reduced by diltiazem. 

Intravenous diltiazem in doses of 20 mg prolongs AH conduction 
time and AV node functional and effective refractory periods approxi- 
mately 20%. In a study involving single oral doses of 300 mg of 
CARDIZEM in six normal volunteers, the average maximum PR 
prolongation was 14% with no instances of greater than first-degree 
AV block. Diltiazem-associated prolongation of the AH interval is not 
more pronounced in patients with first-degree heart block. In patients 
with sick sinus syndrome, diltiazem significantly prolongs sinus 
cycle length (up to 50% in some cases). 

Chronic oral administration of CARDIZEM in doses of up to 240 
mg/day has resulted in small increases in PR interval, but has not 
usually produced abnormal prolongation. There were, however, three 
instances of second-degree AV block and one instance of third- 
degree AV block in a group of 959 chronically treated patients. 

Pharmacokinetics and Metabolism. Diltiazem is absorbed 
from the tablet formulation to about 80% of a reference capsule and 
is subject to an extensive first-pass effect, giving an absolute 
bioavailability (compared to intravenous dosing) of about 40%. CARDIZEM 
undergoes extensive hepatic metabolism in which 2% to 4% of the 
unchanged drug appears in the urine. In vitro binding studies show 
CARDIZEM is 70% to 80% bound to plasma proteins. Competitive 
ligand binding studies have also shown CARDIZEM binding is not 
altered by therapeutic concentrations of digoxin, hydrochlorothiazide, 
phenylbutazone, propranolol, salicylic acid, or warfarin. Single oral 
doses of 30 to 120 mg of CARDIZEM result in detectable plasma 
levels within 30 to 60 minutes and peak plasma levels two to three 
hours after drug administration. The plasma elimination half-life 
following single or multiple drug administration is approximately 3.5 
hours. Desacetyl diltiazem is also present in the plasma at levels of 
1096 to 2096 of the parent drug and is 2596 to 5096 as potent a 
coronary vasodilator as diltiazem. Therapeutic blood levels of 
CARDIZEM appear to be in the range of 50 to 200 ng/ml. There is a 
departure from dose-linearity when single doses above 60 mg are 
given; a 120-mg dose gave blood levels three times that of the 60-mg 
dose. There is no information about the effect of renal or hepatic 
impairment on excretion or metabolism of diltiazem. 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM 


is indicated in the treatment of angina pectoris due to coronary 
artery spasm. CARDIZEM has been shown effective in the 
treatment of spontaneous coronary artery spasm presenting as 
Prinzmetal's variant angina (resting angina with ST-segment 
elevation occurring during attacks). 

2. Chronic Stable Angina (Classic Effort-Associated Angina). 
CARDIZEM is indicated in the management of chronic stable 
angina. CARDIZEM has been effective in controlled trials in 
reducing angina frequency and increasing exercise tolerance. 

There are no controlled studies of the effectiveness of the concomi- 

tant use of diltiazem and beta-blockers or of the safety of this 
combination in patients with impaired ventricular function or concuc- 
tion abnormalities. pÈ 


CONTRAINDICATIONS à 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pacemaker, 
(2) patients with second- or third-degree AV block except in the 
presence of a functioning ventricular pacemaker, and (3) patients 
with hypotension (less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node recov- 
ery time, except in patients with sick sinus syndrome. This 
effect may rarely resuit in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome) or seconc- or third-degree 
AV block (six of 1243 patients for 0.48%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's 
angina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemodynamic 
studies in humans with normal ventricular function have not 
shown a reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution should 
be exercised when using the drug in such patients. 

3. dimcy Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. in rare instances, patients receiving 
CARDIZEM have exhibited reversible acute hepatic injury as 
evidenced by moderate to extreme elevations of liver enzymes. 
(See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metab- 
olized by the liver and excreted by the kidneys and in bile. As with any 
new drug given over prolonged periods, laboratory parameters should 
be monitored at regular intervals. The drug should be used with 
caution in patients with impaired renal or hepatic function. In sub- 
acute and chronic dog and rat studies designed to produce toxicity, 
high doses of diltiazem were associated with hepatic damage. In 
special subacute hepatic studies, oral doses of 125 mg/kg and 
higher in rats were associated with histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that there 
may be additive effects in prolonging AV conduction when using 
beta-blockers or digitalis concomitantly with CARDIZEM. (See 
WARNINGS). 

Controlled and uncontrolled domestic studies suggest that con- 
comitant use of CARDIZEM and beta-blockers or digitalis is usually 
well tolerated. Available data are not sufficient, however, to predict 
the effects of concomitant treatment, particularly in patients with left 
ventricular dysfunction or cardiac conduction abnormalities. In healthy 
volunteers, diltiazem has been shown to increase serum digoxin 
levels up to 20%. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats. 

Pregnancy. Category C. Reproduction studies nave been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to cause 
skeletal abnormalities. In the perinatal/postnatal studies, there was 
some reduction in early individual pup weights anc survival rates. 
There was an increased incidence of stillbirths at dases of 20 times 
the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk, 
exercise caution when CARDIZEM is administered to a nursing 
woman if the drug's benefits are thought to outweigh its potential 
risks in this situation. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS , 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventricu- 
lar — and cardiac conduction abnormalities have usually been 
excluded. 

In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
which can be at least reasonably associated with the pharmacology 
of calcium influx inhibition. In many cases, the relationshin to 
CARDIZEM has not been established. The most common occurrences, 
as well as their frequency of presentation, are: edema (2.496), 
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headache (2.1%), nausea (1.9%), dizziness (1.5%), rash (1.3%), 
asthenia (1.296), AV block (1.196). In addition, the following events 
were reported infrequently (less than 196) with the order of presenta- 
tion corresponding to the relative frequency of occurrence. 


Cardiovascular: Flushing, arrhythmia, hypotension, bradycar- 
dia, palpitations, congestive heart failure, 
syncope. 

Paresthesia, nervousness, somnolence, 
tremor, insomnia, hallucinations, and amnesia. 


Nervous System: 


Gastrointestinal: Constipation, dyspepsia, diarrhea, vomiting, 
mild elavations of alkaline phosphatase, SGOT, 
SGPT, and LDH. 
Dermatologic: Pruritus, petechiae, urticaria, photosensitivity. 
Other: Polyuria, nocturia. 


The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes of 
vasospastic angina developed periods of transient asymptomatic 
asystole approximately five hours after receiving a single 60-mg 
dose of CARDIZEM. 

The following demere events have been reported infre- 
quently in patients receiving CARDIZEM: erythema multiforme; leu- 
kopenia; and extreme elevations of alkaline phosphatase, SGOT, 
SGPT, LDH, and CPK. However, a definitive cause and effect between 
these events and CARDIZEM therapy is yet to be established. 


OVERDOSAGE OR EXAGGERATED RESPONSE 
Overdosage experience with oral diltiazem has been limited. 
Single oral doses of 300 mg of CARDIZEM have been well tolerated 
by healthy volunteers. In the event of rcpt s or exaggerated 
response, appropriate ay measures should be employed in 
addition to gastric lavage. The following measures may be considered: 


Bradycardia Administer atropine (0.60 to 1.0 mg). If there 
is no response to vagal blockade, administer 
isoproterenol cautiously. 

High-Degree AV Treat as for bradycardia above. Fixed high- 

Block degree AV block should be treated with car- 


diac pacing. 

Administer inotropic agents (isoproterenol, 
dopamine, or dobutamine) and diuretics. 
Vasopressors (eg, dopamine or levarterenol 
bitartrate). 


Actual treatment and dosage should depend on the severity of the 
clinical situation and the judgment and experience of the treating 
physician. 

The oral/LDs,'s in mice end rats range from 415 to 740 mg/kg 
and from 560 to 810 mg/kg, respectively. The intravenous LD.,'s in 
these species were 60 and 38 mg/kg, respectively. The oral LU, in 
dogs is considered to be in excess of 50 mg/kg, while lethality was 
seen in monkeys at 360 mg/kg. The toxic dose in man is not known, 
but blood levels in excess of ng/ml have not been associated 
with toxicity. 


DOSAGE AND ADMINISTRATION 

Exertional Angina Pectoris Due to Atherosclerotic Coro- 
nary Artery Disease or Angina Pectoris at Rest Due to Coro- 
nary Artery Spasm. Dosage must be adjusted to each patient's 
needs. Starting with 30 mg four times daily, before meals and at 
bedtime, dosage should be increased gradually (given in divided 
doses three or four times daily) at one- to two-day intervals until 
optimum response is obtained. Although individual patients may 
respond to any dosage level, the average optimum dosage range 
appears to be 180 to 240 mg, day There are no available data concern- 
ing dosage requirements in patients with impaired renal or hepatic 
function. If the drug must be used in such patients, titration should be 
carried out with particular caution. 

Concomitant Use With Other Antianginal Agents: 

1. Sublingual NTG may be taken as required to abort acute 
anginal attacks during CARDIZEM therapy. 

2. Prophylactic Nitrate Therapy — CARDIZEM may be safely 
coadministered with short- and long acting nitrates, but there 
have been no controlled studies to evaluate the antianginal 
effectiveness of this combination. 

3. Beta-blockers. (See WARNINGS and PRECAUTIONS.) 


HOW SUPPLIED 
Cardizem 30-mg tablets are supplied in bottles of 100 (NDC 
0088-1771-47) and in Unit Dose Identification Paks of 100 (NDC 
0088-1771-49). Each green tablet is engraved with MARION on one 
side and 1771 engraved on the other. CARDIZEM 60-mg scored 
tablets are supplied in bottles of 100 (NDC 0088-1772-47) and in Unit 
Dose Identification Paks of 100 (NDC 0088-1772-49). Each yellow 
tablet is engraved with MARION on one side and 1772 on the other. 
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Simply the easiest operating and most convenient 
automatic 12-lead ECG available today. Get excellent 
records and copies anywhere, with or without an electric 
outlet with power from our rechargeable battery. And as a 
ECG 7514 bonus, it only weighs 17 Ibs., and sits on a cart or counter. 
The answer to your needs for computer-assisted ECG 
analysis. No more phone delays or line charges for an in- Please call our toll free number for full details or a demonstra- 
terpretation! Analysis in just seconds. Plus you have an all- tion of the product you select. 
round instrument with simple one-touch operation for Nihon Kohden's 35 years of medical electronics experience and * 
12-lead analysis, automatic 12-lead or manual recording. extensive research and development programs will continue to 
And you get multiple recording formats. bring you more new products, like these fine ECG instruments. 


1652 Deere Avenue, Irvine, CA 92714 


NIHON KOHDEN (AMERICA), INC. 
NIHON KOHDEN 
(800) 325-0283 (800) 423-2078 in CA (714) 250-3959 





In other countries, write to Nihon Kohden Corporation, 31-4, Nishiochiai 1-chome, Shinjuku-ku, Tokyo 161, Japan. 
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Neurologist Marcel Malden afety backup systems. It's a simple concept, but it represents 
is an avid hiker and 
a COSMOS” recipient. 


one of the extra steps we take to bring you and your patients 
the most reliable pacemakers available today. 

At Intermedics, we design critical function redundancy into 
every pacemaker we develop. Such as the primary timing control 
in the Quantum®-a crystal oscillator. It’s backed up by a resistor- 
capacitor oscillator that takes over and continues pacing. Or 
the programmed bypass parameters that back up the mag- 
netic reed switch in our COSMOS pulse generators. Or the multi- 

ple elective replacement 


Alife like Marcel Maldens indicators in both the 
IS worth every Quantum and COSMOS. 
extra step we take And the Rx2000 program- 


mer that gives a clear 
indication if any of these safety systems activate. 

Multiple backup systems like these assure that pacing con- 
tinues even in the unlikely event of a critical component failure. 
It is this attention to detail that has earned Intermedics the 
highest reliability rating (and the lowest recall statistics) of 
any major pacemaker manufacturer. 

When the fullness of life depends on the flawless perfor- 
mance of a sophisticated implant, there is no such thing as exces- 
sive quality control. Because there’s more at stake than our 
reputation. 

We believe these extra steps have helped make us the world’s 
second largest pacemaker company in just eleven years. We know 
they are the reason Intermedics has consistently produced the 
most dependable line of pacemakers ever offered. 

For documentation of our product reliability, just ask your 
Intermedics Representative. Or call us toll-free at 1-800-231-2330. 
(In Texas, 1-800-392-3726.) You’ll see a record worth every 
extra step. 


%@ Intermedics Inc 
Sin aei i Quality comes to life: 
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continuous to pulsed delivery at repetition rates of 1 Hz to 256 MHz, pulse duration of 0.2 to 358 ns, and pulse en- 
ergies of 2 nJ to 370 mJ. Gross and light microscopic signs of thermal injury were eliminated by pulsed delivery at 
low repetition rates (less than 200 Hz) and high pulse energies (greater than 10 mJ). 


Effects of Hematoporphyrin Derivative and Photodynamic Therapy on Atherosclerotic Rabbits 


FRANK LITVACK, WARREN S. GRUNDFEST, JAMES S. FORRESTER, MICHAEL C. FISHBEIN, 
H.J.C. SWAN, ELIOT CORDAY, DAVID M. RIDER, |. STEWART McDERMID, THOMAS J. PACALA, and 
JAMES B. LAUDENSLAGER 


This study was performed to confirm the selective uptake of hematoporphyrin derivative (HPD) within atheroma, 
to localize the site of uptake of HPD within the atheroma and to determine the potential for photodynamic therapy 
of atherosclerosis in the rabbit model. In 10 atherosclerotic rabbits that received HPD intravenously, all had HPD 
uptake within atheroma, but not within normal intima. Fluorescence microscopy revealed a diminishing concen- 
tration gradient of HPD from intimal surface layers inwards. Eight rabbits received from 5 to 20 mg/kg of HPD and 
photodynamic therapy with 636-nm red light. At 3 hours after irradiation there was no effect, but at 1 and 2 weeks 
some rabbits had less atheroma in treated segments than in controls. Histologic examination of treated segments 
revealed smooth muscle concentration near the intima, but similar findings occurred in some apparently 
nonirradiated areas. 


Effect of Intracoronary Verapamil on Infarct Size in the Ischemic, Reperfused Canine Heart: Critical 
Importance of the Timing of Treatment 


HUEY-MING LO, ROBERT A. KLONER, and EUGENE BRAUNWALD 


To determine whether the beneficial effect of calcium blocking drugs occurs only during ischemia or during 
reperfusion as well, anesthetized dogs were subjected to 3 hours of occlusion of the left anterior descending 
coronary artery followed by 3 hours of reperfusion. In protocol A, intracoronary verapamil was begun 90 minutes 
after coronary occlusion and continued for 1 hour into reperfusion, while a control group received an infusion of 
saline solution. Area of necrosis, expressed as a percent of area at risk, was smaller in the verapamil group (29 + 
8%) than in the controls (57 + 8%, p <0.05). In protocol B, in which intracoronary verapamil was begun 5 
minutes before blood reperfusion and continued throughout the 3 hours of reperfusion, there was no reduction of 
infarct size. Therefore, calcium blockade of ischemic myocytes delays death and enhances salvage produced by 
reperfusion. However, calcium blockade begun after prolonged coronary occlusion does not enhance reperfu- 
sion-induced myocardial salvage. 


Sudden Death and Experimental Acute Myocardial Infarction 


YVETTE TROLESE-MONGHEAL, PIERRE DUCHENE-MARULLAZ, JEAN-FRANCOIS TROLESE, 
MICHEL LEINOT, JEAN-CLAUDE LAMAR, and PIERRE LACROIX 


Ligature of the anterior descending coronary artery in 658 dogs was fatal within 1 hour in 12% of the cases (in- 
stantaneous death) and within 24 hours in 25 % of the cases (sudden death). Percentage of sudden death was pro- 
portional to the logarithm of the weight of the dogs in the range studied. Sudden death rate varied widely when 
small series of dogs were considered. Only with at least 50 to 60 dogs per series were reproducible figures 
obtained. Hence, reliable assessment of preventive action of drugs can only be made if experimental series of at 
least this size are used. 


Effect of Pulmonary Artery Distention on Systemic Vascular Resistance in Newborn Lambs 


JAY M. MILSTEIN and BOYD W. GOETZMAN 


Acute distention of the left pulmonary artery in newborn lambs causes statistically significant increases in both 
systemic vascular resistance and aortic pressure. It is postulated that such changes may be important in affecting 
redistribution of cardiac output in the fetus, but they are probably too small to explain the elevated systemic 
vascular resistance observed in some infants with persistent fetal circulation. 


CONGESTIVE HEART FAILURE 
Pharmacokinetics and Pharmacodynamics of Milrinone in Chronic Congestive Heart Failure 


JOSEPH R. BENOTTI, LAWRENCE J. LESKO, JANE E. McCUE, and JOSEPH S. ALPERT 


The pharmacokinetics and hemodynamic effects of milrinone administered in an ascending intravenous bolus 
schedule were studied in patients with advanced congestive heart failure. Each dose affected prompt but very 
short-lived increases in cardiac output and stroke work and decreases in pulmonary artery pressure, right atrial 
pressure and systemic and pulmonary vascular resistance in a non-dose-dependent fashion. Milrinone kinetics 


Continued on page A49 
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blocker/diletorforhypertension — 


NORMODYN 
Tablets (labetalol HCI) 


Beyond beta blockers-also acts as a 
. vasodilator to lower blood pressure. 


eyond vasodilators- acts as a beta 
blocker to blunt excessive cardiac 
response to exercise in hypertensives. 
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 agement t of hypertension. NORMODYNE Tablets may be used alone or 
_ in combination with other antihypertensive agents, especially thiazide 
d d disco 


“NO À MO IDYNE (labetalol HCI) Tablets are contraindicated in bron- 
thma cardiac failure, greater than first a ae ea Boc 
nic shock, and severe bradycardia (see WA 
2o Sympathetic stimulation is a vital component sup- 
circulatory function in fenes heart failure. Beta blockade 
hazard of further depressing myocardial contractili 
'cipitating more severe failure. Although beta-blockers should 
z ded in overt congestive heart failure, if necessary, labetalol HCI can 
S x 73 eased u with caution in Jae oa with a history of heart failure who are 
; ed. ive heart failure has been observed in 
i lol HCI. Labetalol "m^ does not abolish the 


dia Lok dm arriba] 


d a ym pien: a period of time Eo in some cases, lead to 


por eM A symptom of impending cardiac fail- 
AP pict soul be bef fally lly digiealised a and/or be given a diuretic, and 
: f cardiac failure continues, ite ade- 
on viser EL EDIT efi Cl) 
oul chili i ible 
pectoris has not Mester pate im upon aial HCI A 
eani rite bec to catecholamines has been observed in 


caus peomnaty artery d telis is com- 
be prudent not to discontinue 


MO ei CP HC) i ex abruptly even in patients 
( ^ oe bronchitis and - 
vc Brahe e. E c co emphy 


,in l, not 


ut th a) P shysictan’ s 


jo ric drugs. The necessity or desirability of withdrawing beta- 
D okie veil al Prior to major surgery is controversial. Protracted 
hypotension and difficulty in riri, Ln maintaining a heart 
pty be it have been reported with beta-blockers. The effect of labetalol 
He s alpha-: ergic activity has not been evaluated in this setting. 
ı between labetalol HCI and halothane anesthesia has 
sey pHs Interactions). 


oral Tüben- Function NORMODYNE (labetalol HCl) 
Pod with caution in patients with impaired hepatic 
freon ince ee ism of the drug may be diminished. 

Hepatic Dysfunction On rare occasions, labetalol HCI 
teen ace with jaundice (both hepatic and cholestatic). Ir is 
therefore recomm: that treatment with labetalol HCI be stopped 
diately should a patient develop jaundice or laboratory evidence of 
Yjury . Both have been shown to be reversible on stopping therapy. 


Patients 
drugs with beta- blocki activity, des advice to 
VES in treated with x aera HCI is warranted. This information 
7 intended. to aid in the safe and effective use of this medication. It is 
not a disclosure of all possible apene or intended effects. While no 
. incident of the io dat withdrawal phenomenon (exacerbation of 
fors with labetalol HCl, dosing with 
RMO DYNE Lables d should not be interrupted or discontinued "a 
a physician's advice. Patients being treated with NORMODYN 
lets should consult a physician at any sign of impendi pe a 
lure. Also, transient scalp tingling may occur, usually when treat- 
N Soe A "Tablets i is initiated (see ADVERSE 


Y pecan le any new drug iven over prolonged periods, laboratory 
` parame A eve ciii apie - In patients with 
concomitant illnesses, such as impaired renal function, appropriate tests 
B j -should be done to monitor these conditions. 


. Drug Interactions 
iris In one o 2.396 of peo taking labetalol HCl in combination 
_ with trigyclic an enced tremor as compared to 0.7% 
. meported to Occur fih labetalol Clalone. The contribution of each of 
the treatments to this adverse reaction is unknown but the possibility of 
E ES $e be excluded. TEE 
Doss ta-blocking properties can blunt the bronchodila- 
a f beta-receptor agonist drugs in patients with bronchospasm; 
, doses none ie the poral ahi eae dose of beta- 


ilator "lor drugs m may be 
Pat ie a etie te bioavailability of labeta- 
eines be lana either by enhanced absorption or 


ar boli d or HCI, special care 
Ta T A 4 Ke bed AME COO 





e preence of a pedote of fabetalol ie urine may result in 
pet a of u een if when measured by a 
trihydroxyindole reaction. In screening patients sus- 
zr of Fothaving pheochromocytoma and being treated oth labetalol 
tic or high performance liquid chromatogra- 
phy assay tii saa kg be used to determine levels of catecho hol 
amines or their metabolites. 









Carcinogenesis, Mutagenesis, Impairment o 
Long-term oral dosing studies with p ei He 


18 noes in 
mice and for 2 in rats showed no evidence of carcinogenes 
Studies with labetalol HCl, using dominant lethal assays "Pe rats aod 
mice, and exposing microorganisms according to modified Ames tests, 
showed no evidence of poscis 


Ai ae Category 
eae ape have been performed with labetalol in rats and 
rabbits at oral doses up to approximately 6 and 4 times the maximum 
recommended human dose (MRHD RHD), respectively. No reproducible evi- 
dence of fetal malformations find observed. Increased fetal reso 
were seen in both species at doses a roximating the MRHD. There ere 
no rmi and well-controlled diei in pregnant women. Labetalcl 
ould be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 


tions 


Nonteratogenic Effects 
Infants of mothers who were treated with labetalol HCI for hyper- 
tension during pregnancy did not appear to be Myra affected by the 
g. Oral administration of labetalol to rats during late gestation 
through weaning at doses of 2 to 4 times the MRH RHD caused a decrease 
in neonatal survival. 
Labor and Delivery 


Labetalol HCl gi given to pregnant women with hypertension did not 
appear to affect the usual course of labor and delivery. 
Nursing Mothers 

amounts of labetalol (approximately 0.004% of the maternal 

dose) are excreted in human milk. Caution should be exercised when 
NORMODYNE Tablets are administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Most adverse effects are mild, transient and occur early in the course 
of treatment. In controlled clinical trials of 3 to 4 months duration, dis- 
continuation of NORMODYNE (labetalol HCl) Tablets due to one or 
more adverse effects was required in 7% of all patients. In these same 
trials, beta-blocker control agents led to discontinuation in 8 to 10% of 
patients, and a centrally acting alpha-agonist i in 30% of patients. 

The incidence rates of adverse reactions listed in the following table 
were derived from multicenter controlled clinical trials, comparing labe- 
talol HCI, placebo, metoprolol and propranolol, over treatment periods 
of 3 and 4 months. Where the frequency of adverse effects for labetalol 
HCI and placebo is similar, causal relationship is uncertain. The rates 
are based on adverse reactions contienen exis ably drug-related by the 
Bipscigato If all reports are considered rates are somewhat higher 


(e.g., dizziness 2096, nausea 1496, fatigue 1196), but the overall conclu- 
sions are unc ed. 
Labetalo HC! Placebo P lol Metoprolol 
(N=227) (N=98) N = 84) (N=49) 
% % % % 
Body as a whole 
fatigue 0 12 12 
asthenia l 1 l 0 
headache 2 l 2 
Gastrointestinal 
nausea 6 1 l 2 
vomiting «I 0 0 0 
psia 3 l 1 0 
abdominal pain 0 0 1 2 
diarrhea <l 0 2 0 
taste distortion l 0 0 0 
Central and Peripheral Nervous Systems 
ON Mor pA E. 
paresthesias 
drowsiness <l 2 2 2 
Autonomic Nervous System 
nasal stuffiness 0 0 0 
ejaculation failure 2 0 0 0 
impotence 1 0 l 3 
increased sweating <1 0 0 0 
Cardiovascular 
e | hypo 0 0 o 
tura tension l 
predicta 0 0 5 12 
Respiratory 
dyspnea 2 0 1 2 
n 
l 0 0 0 
Special Senses 
vision abnormality 1 0 0 0 
vertigo 2 1 0 0 


The adverse effects were reported spontaneously and are represen- 
tative of the incidence of adverse effects that may be observed in a 
properly selected hypertensive agree population, i.e., a group exclud- 
ing patients with bronchospastic disease, overt congestive heart failure. 
or other contraindications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 

400 mg in more severely hypertensive patients. Certain of the side 
effects increased with increasing dose as shown in the table below which 
depicts the entire U.S. therapeutic trials data base for adverse reactions 
that are clearly or possibly dose related. 


Labetalol HCl 
Daily Dose (mg) 200 300 400 600 
Number of 
Patients 522 181 606 608 
Dizziness (%) 3 3 3 
Fatigue l 4 4 
Nausea «1 0 l 2 
Vomiting 0 0 <l <1 
ia l 0 2 l 
P. esias 2 0 2 2 
Nasal Stuffiness 1 l 2 2 
Ejaculation Failure 0 2 1 2 
rence l 1 1 1 
1 0 I l 
ol HC 
Daily Dose (mg) 800 900 1200 1600 
. Number of | 
~ Patients 503 117 411 242 
Dizziness (%) A 1 9 13 
E 14. 
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In addition, a number of other less common adverse events have 
been reported in clinical trials or the literature: ` 

Cardiovascular Postural hypotension, including rarely, syncope. 

Central and Peripheral Nervous Systems Paresthesias, most frequently 
described as sca p tingling. In most mes it was mild, transient and 
n occurred at the beginning of treatment. 

en Disorders Systemic lupus erythematosus; positive antinu- 

clear MX ird: 


I eee) System Antishtlochorkivial antibodies. 
Vias Cholestasis with or without jaundice. 
uscuilo- Skeletal Syste Muscle cramps; toxic myopathy. 
ees System B 
Slit ond Aphendipes ADE VR HE nich as gehe ralized 
DUMP Xi Vebenbwk urticarial; PD lichen pics bicis de 
facial Henn — ih 's disease; reversible Xl 
Urinary System Difficulty in micturition, including acute rus i 
bladder retention. p: 
Following approval for marketing in the United Ki / M P 
monitored release survey involvin ing sppscxinacife 6, O patients ox sh Sse | 
conducted for further safety and efficacy evaluation of this product E 
Results of this survey indiczte that the type, severity, and eras of a 
adverse effects were comparable to those cited above. — t Tics 
Potential Adverse Effects P Aum 
In addition, other adverse effects not listed vaa have been 
reported with other beta-adrenergic blocking 
Central Nervous System Reversible mental mession progressing - 
canonis e) rar verae syndrome icis sa i a 
or time and place, short-term argued emotiona y É 
clouded sensorium, and d performance on vupsvdomen: cs. 
Cardi Intensification of AV block. See 
CONTRAINDICATIONS 
Allergic Fever combined with aching and sore throat; EPRI 
respiratory distress. sE MI 
H Agranulocytosis; thrombocytopenic or nonthrom- PCI D 
bocytopenic purpura. pe 
Gastrointestinal Mesenteric artery thrombosis; ischemic colitis. — 
The oculomucocutaneous syndrome associated with the s cde Grz A 
practolol has no: been reported with labetalol HCI. wen 
Clinical tory tests: There have been reversible increases of 
serum transaminases in 4% of patients treated with labetalol HCl and - 
tested, and more rarely, reversible increases in blood urea. 


OVERDOSAGE “Ayko. 

Overdosage with NORMODYNE (labetalol HCI) Tablets causes 
excessive hypotension which is posture sensitive, and sometimes, exces- 
sive bradycardia. Patients should be laid supine and their legs raised if 
necessary to improve the blood supply to the brain. The following de 
tional measures should be miti | if necessary: Excessive bradycar 
administer atropine (3.0 mg). If there is no response to vagal hace a T 
administer isoproterenol cautiously. Cardiac Cardiac aliae — administer a digi- — 
ralis glycoside and a diuretic. Hypotension — prim vasopressors, ——— 
e.g., norepinephrine. There is pharmacological evidence that norepine- 
phrine may be the drug of choice. Bronchospasm — administer a betaz- 
stimulating agent and/or a theophylline preparation. 

Gastric lavage or Heiden id intr induced emesis (using s me 
ipecac) is useful ror removal of the drug shortly after peers 


T£ » 
2- 





HCI can be removed from the general circulation by hemodia E 
The oral LDso value of labetalol HC! in the mouse is sii E 
600 mg/kg and in the rat is greater than 2 gm/kg. The i intravenous. LD50 d 
in these species is 50 to 60 mg/kg. 3e f "3 
DOSAGE AND ADMINISTRATION 2 os, 


DOSAGE MUST BE INDIVIDUALIZED. The recommended ini- 
tial dose is 100 mg twice daily whether used alone or added to a diuretic _ t 
regimen. After 2 or 3 days, using standing blood pressure as an indicator, = 
dosage may be titrated in increments of 100 mg bid every 2 or 3 days. (e 
The ngs dosege of labetalol HCI is between 200 and 


Since ett full HE ER effect of labetalol HCI is usually seen — n 
fim the first ae pii ae hours of me oie dose or increment, — — 

€ assurance of a lack of an exaggerated tensive response can ; 
clinically established in the »ffice setting. os antihypertensive effects — 
of continued dosing can be measured at subsequent visits, ie cad 
12 hours after a dose, to determine whether further titration is necessary. - 

Patients with severe hypertension may require from 1200 mgto 

2400 mg per day, with or without thiazide diuretics. Should side effects — 
(principally nausea or dizziness) occur with these doses administered bid, 

€ same em daily dose administered tid may wr tolerability abs € 
facilitate further citration. Titration increments should not exceed 


When a a diuretic is added, an additive antihypertensive effect ¢ can S 


expected. In some cases this may necessitate a labetalol HCl dosage — x j 

adjustment. As with most ah og aoe iin ugs, optimal dosages of —  — 

PEPO LNE Tablets are usually lower in patients also receivinga — 
iuretic ut. 


When transferring patients from other antihypertensive dns: AN. 
NORMODYNE Tablets should be introduced as recommended and be ; | 
dosage of the existing therapy progressively decreased. 


HOW SUPPLIED Nr 

NORMODYNE (labetalol HCI) Tablets, 100 mg, light-brown, x1 SR 
round, scored, film-coated tablets engraved on one side ga dl 

uct idencification numbers 244, and on the other side thenum- — ca 
ber 100 for the strength and "NORMODYNE'; ; bottles of 100 (NDC- — n 
0085-0244-04), 500 (NDC-0085-0244-05), and box of 100 for unitdose | 
dispensing (NDC-0085-0244 
rye. d: 


-08). 
NORMODYNE (labetalol HCI) Tablets, i 
scored, film-coated tablets engraved on one side wi er 
t identification numbers 752, and on the Shee ty haley ‘ 
OC for the sesngeh and "NORMODYNE"' bottles of 100 (NDC- Pu 
rici c (NDC-0085-0752-05), box of 100 for unit-dose Tor o Ai 
(NDC-0085-0752-08). and Patient Calendar Pac Package o. 
T et : WE ibe Doe EAE aa E 
ise m 
coared tablets engraved on one side with g ome | productidenti- — — y» 
fication numbers 438, and on the other side the number 300 for the a 
strength and “NQRMODYNE"; bottles of 100 ( f 5-0438-03), — : 
500 (NDC-0085-2438- 05), box of 100 for unit dose dispensing (NDC- 
0085-0438-06), and Patient Calendar d arg of 56 (4 bottles of 14 
RUE (NDC-0085 -0438-02). [Bem "T d bet 
2? and 30*C "C o asd GUT) ). i 
NORMODYNE (labetalol HCI) Tablets in the SPP boxes 
should be protected from excessive moisture. 
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CLINICAL 


STRESS TESTING 
AT ITS BEST. 


THE JUSTIFIABLE 
SYSTEM... 
When your clinical needs dictate a 
sophisticated and cost-efficient diag- 
nostic system for performing stress 
tests, Quinton’s 62000 System Is 
the answer. 
With the Q2000, you get: 
* Powerful multi-processor 
hardware. 
Fast and accurate software 
analvsis. 
Programmable flexibility. 
Diagnostic quality output. 
L ong-term reliability. 


PROGRAMMABILITY... 


The easy-to-operate Q2000 enables 
you to program, modify and access 
up to 5 environments (procedures) 
and 9 protocols having up to 26 
stages each. 


THE DIAGNOSTIC 
EDGE... 
ST Integral and Index, in addition 
to ST Slope and Level, prov: ide 
higher sensitivity and specificity 
than slope and level alone. Your 
diagnostic confidence in tests that 
may otherwise produce marginal 
results is improved. 
Alio: 
* Absolute Spatial Vector Velocity 
(ASVV) is used to identify aber- 
rant beats, align normal beats for 
signal averaging and establish the 
isoelectric point. 
ST parameters may be measured 
from either J-junction or R-wave 


peak, and you program the meas- 
urement criteris i. 


The Q55 TREADMILL is included 
and provides 350-Ib. patient w~, 
capacity, 1-10 mph speed 
range, 0-25% grade range, 
and automatic calibration, | T 
self-test and i A à 
trouble | -— 


monitoring. pt 
OTHER FEATURES... 


e. COMPREHENSIVE DIS- 
PLAYS—6 seconds of live ECG 
data, resting and current aver aged 

beats, split screen freeze, tabular 
and graphic displays, continuous 


write from memory, digital dis- 
plays of heart rate, ST param- 
eters, and st age and time data. 
THERMAL CHART 
RECORDER—Programmable 
operation, AHA seca 
quality traces, computer-a 
aged beats available. 
- FINAL REPORT—An autom: itic 
summary of vour patient’ s test 
data saves valuable time in report 
preparation. 

* SERVICE AND MAINTE- 
NANCE—Fast response and the 
built-in maintenance programs 
keep the service call short. 

For a detailed brochure, examples of 

ECG printouts and reports, and cost 

analysis information, call or write 
Quinton Instrument Company, 

2121 Terry Avenue, Seattle, WA 
98121-2791. 1-800-426-0347. Telex 
3794094 In Washington state and 
Canada, call (206) 223-7373. 
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Clinical Clues to MIXED ANGINA 


He wasn't exercising; his 
myocardial oxygen demand 
didn't increase. Yet now he's 
having an angina attack. 


And because vasocon- 
striction is an unpredictable 


event, ischemia and pain occur 


unpredictably: 
at rest, or even during sleep 
at varying levels of exercise 
upon exposure to cold 
under emotional stress 
diurnally, typically in 
the morning 


PROCARDIA 


PROCARDIA® (nifedipine) 
is a primary therapy for the 


patient with MIXED ANGINA. 


It prevents vasoconstriction 
in both large coronary arter- 
ies and coronary arterioles 
to maintain myocardial 
blood flow and oxygen 
supply. At the same time, 
PROCARDIA dilates periph- 
eral arteries to reduce 
afterload and myocardial 
oxygen demand. 


As a result, PROCARDIA 
can significantly reduce 
your patient's angina 
attack rate and need for 
nitroglycerin! 





(NIFEDI PINE Capsules 10 mg 


Primary Protection in 


Please see PROCARDIA’ (nifedipine) brief summary on next page 
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| Thirty seconds ago he was reading. 


PROCARDIA 


(N | F EDI Pl NE) Capsules 10 mg 


PRIMARY PROTECTION IN MIXED ANGINA 
Usual Effective Dosage: 30 to 60 mg/day 


For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
response, attack frequency, sublingual nitroglycerin intake and activity level as 


a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
patient is observed closely. 
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Reference: 

1. Stone PH, Muller JE, Turi ZG, et al: Efficacy of 
nifedipine deuda in patients with refractory 
angina pectoris: Significance of the presence of 
coronary vasospasm. Am Heart J 106:644-652. 


1983. 
Brief Summary 
PROCARDIA* (nifedipine) Capsules For Oral Use 
INDICATIONS AND USAGE: I. Vasospastic Angina: PROCARDIA (niledipine) is indicated for the management of va- 


Sospastic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest accompanied by ST 
segment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically demonstrated 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
not been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- 
graphic findings are compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate 
doses of beta blockers 

Il. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management 
of chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomatic 
despite adequate doses of beta blockers and/or organic nitrates or who cannot tolerate those agents 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance. but confirmation of sustained ettective- 
ness and evaluation of long-term safety in these patients are incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents 

may be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with con- 
fidence the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac 
conduction abnormalities. When introducing such concomitant therapy, care must be taken to monitor blood pressure 
closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS. ) 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pa- 
lients on concomitant beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a beta blocking agent who underwent coronary artery bypass surgery "Mn ia dose fentanyl anesthesia 
The interaction with high dose fentanyl appears to be due to the combination of PROCARDIA and a beta blocker, but the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with 
other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl 
anesthesia is contemplated, the physician should be aware of these potential problems and, if the patient's condition 
permits, sufficient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to 
surgery. 

Increased Angina: Occasional patients have developed well-documented increased frequency, duration or severity of 
angina on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established 
bul could result from decreased coronary perfusion associated with decreased diastolic pressure with increased heart 
rate, or trom increased demand resulting from increased heart rate alone. 

Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with 
increased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will 
not prevent this occurrence and might be expected to exacerbate it by pone reflex catecholamine release. There have 
been occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. It is im- 
portant to taper beta blockers if possible, rather than stopping them abruptly before beginning PROCARDIA 
Congestive Heart Failure: Rarely, patients, usually receiving a bela blocker, have developed heart failure after begin- 
ning PROCARDIA. Patients with tight aortic stenosis may be at greater risk tor such an event. 

PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 
itoring of blood pressure during the initial administration and titration of PROCARDIA is suggested. Close observation 
WARNINGS | recommended for patients already taking medications that are known to lower blood pressure. (See 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due 
to left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily 
in the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by conges- 
ek failure, care should be taken to differentiate this peripheral edema from the effects of increasing left ventricular 
dysfunction. 


Because PROCARDIA decreases peripheral vascular resistance (occasional 
patients have had excessive hypotension), careful monitoring of blood 
pressure during initial administration and upward dosage titration is 
suggested, especially for patients taking drugs known to lower blood 

pressure. Occasional patients have developed increased frequency, duration or 
severity of angina on starting PROCARDIA or at the time of dosage increases. 


A Favorable Safety Profile 


Most frequently reported side effects. usually mild, are dizziness or 
lightheadedness, peripheral edema, nausea, weakness. headache and 
flushing, each occurring in about 10% of patients, transient hypotension in 
about 5%, palpitation in about 2% and syncope in about 0.5%. 


Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
phatase, CPK, LDH. SGOT and SGPT have been noted. The relationship ʻo PROCARDIA (nifedipine) therapy is uncertain 
in most cases, but probable in some. These laboratory abnormalities have rarely been associated with clinical symp- 
toms, however, cholestasis with orwithout jaundice has been reported. Rare instances of allergic hepatitis have been 
reported 

Limited clinical studies have demonstrated a moderate bul statistically significant decrease in platelet aggregation 
and increase in bleeding time in some PROCARDIA patients. No Clinical significance for these findings has been 
demonstrated 

Although PROCARDIA has been used safely in patients with renal dysfunction and has been reported to exert a ben- 
eficial effect in certain cases, rare, reversible elevations in BUN and serum creatinine have been reported in patients with 
pre-existing chronic renal insufficiency The relationship to PROCARDIA therapy is uncertain in most cases but probable 
in some : 

Drug interactions: Beta-adrenergic blocking agents: (See Indications and Warnings.) Experience in over 1400 pa- 
tients in a non-comparative clinicabtrial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated, butithere have been occasional literature reports suggesting that the combination may 
increase the likelihood of congestive heart lailure, severe hypotension or exacerbation of angina 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no controlled 
Studies to evaluate the antianginal eflectiveness of this combination 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers 
The average increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coro- 
nary artery disease. In an uncontrolled study of over two hundred patients with congestive heart failure during which 
digoxin blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated reports ol 
patients with elevated digoxin levels. it is recommended that digoxin levels be monitored when initiating, adjusting, and 
discontinuing PROCARDIA to avoid:possible over- or under-digitalizat on. 

Coumarin anticoagulants: There Mave been rare reports of increased prothrombin lime in patients taking coumarin 
anticoagulants to whom PROCARDIA was administered 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80% ) 
and area-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine al 40 mg per 
day. Ranitidine produced smaller, non-significant increases. It nifedipine therapy is initiated in a patient currently re- 
ceiving cimetidine, cautious titrationus advised 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was not shown to be carcinegenic. When given to rats prior to mating, nifedipine caused reduced fertility al a dose 
approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative 

TOME Pregnancv Calegory C. Nifedipine has been shown to be 'eratogenic in rats and embryotoxic in rats, mice 
and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
pregnancy only if the potential bene'it justifies the potential risk to the fetus 
ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about 5%, 
palpitation in about 2% and syncope in about 0.5%. Syncopal episoces did not recur with reduction in the dose oi 
PROCARDIA or concomitant aniiancinal medication. Additionally, the *ollowing have been reported: muscle cramps. 
nervousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea. constipation. gastrointestinal cramps. 
flatulence, inflammation, joint stittness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balance. 
dermatitis, pruritus, urticaria, fever. sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, pur- 
pura, allergic hepatitis, gingival hyperplasia, and erythromelalgia. Very rarely, introduction of PROCARDIA therapy was 
associated with an increase in anginal pain, possibly due to associated hypotension 

In addition. more serious adverse events were observed, not readily distinguishable from the natural history of the 
disease in these patients. It remains possible however, thal some or mary of these events were drug related. Myocardial 
infarction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular 
arrhythmias or conduction disturbances each occurred in fewer than 0.5% of patients 
HOW SUPPLIED: Each orange. sot gelatin PROCARDIA CAPSULE contains 10 mg of nitedipine. PROCARDIA CAP- 
SULES are supplied in bottles ef 100 (NDC 0069-2600-66), 300 (NDC 0069-2600-72), and unit dose (10x10) (NDC 
0069-2600-41) The capsules should be protected from light and moisture and stored at controlled room temperature 
59° to 77°F (15° to 25°C) in the manufacturer's original container 
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conformed to an open 2-compartment model of drug distribution and elimination. The elimination half-life of 
milrinone is such that bolus administration is required for rapid hemodynamic efficacy. However, hemodynamic 
effects should resolve promptly with discontinuation of milrinone therapy. 





690 Effects of Hydralazine on Pressure-Volume and Stress-Volume Relations in Congestive Heart Failure 
Secondary to Idiopathic Dilated Cardiomyopathy 
MARK L. SMUCKER, C. FAGG SANFORD, and KIRK M. LIPSCOMB 


The mechanism by which hydralazine improves cardiac function in patients with heart failure is not well 
characterized. Hydralazine may improve left ventricular (LV) function by decreasing afterloading LV wall stress or 
by increasing myocardial contractility. The effect of intravenous hydralazine was assessed in 8 patients with 
severe idiopathic dilated cardiomyopathy. Hydralazine increased stroke volume index and ejection fraction and 
decreased systemic vascular resistance and LV stress. Patients with high LV wall stress had higher LV end- 
diastolic pressure, higher LV end-diastolic volume index, lower ejection fraction and higher systemic vascular 
resistance than patients with normal LV stress. LV wall stress decreased more in patients with high LV stress, be- 
cause hydralazine decreased systolic pressure and diastolic pressure or volume in those patients. Late systolic | 
portions of pressure-volume loops in patients with normal LV stress suggested increased myocardial contractil- i 
ity, but this was not confirmed by LV dP/dt. Hydralazine improves LV function in patients with dilated cardiomyop- 
athy by reducing elevated LV wall stress. 
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Cardioscans image is the cost. 





Until now, sophisticated, high-reso- 
lution echocardiography came with 
a high price tag. To get images like 
the one at the top you had to pay 
the cost at the bottom. Interspec 
has changed all that. We developed 
Cardioscan™—the easy-to-use 
echocardiography system that 
makes high-quality ultrasound 
imaging not only possible, but 
affordable. 


Unlike other low-cost systems, 
Cardioscan doesn’t sacrifice per- 
formance for price. You get all 
the advantages of larger, hospital- 
scale units—plus, some features 
often not available even on more 
expensive systems. 


$25,000 Cardioscan’s affordable image And, Cardioscan has been designed 


looks like this. with the future in mind. You do not 
have to be concerned about your 
system becoming obsolete as echo- 
cardiographic technology advances 
or your clinical needs change. Your 
system will be fully upgradeable 
to keep pace with the demands of 
your practice. 





The best technology packaged 

in a lightweight, compact design 
There is only one way to under- 

stand the quality Cardioscan de- 

livers. And that is to compare it v- 
with other units. Even when judged 
against systems costing three 

times as much, Cardioscan more 

than measures up. 


More reasons to decide on 

Cardioscan 

= Superior image quality and reso- 
lution in both 2-D and M-mode. 

= Logically grouped, easy-to-learn 
controls let you concentrate on 





$90,000 At more than three times the cost 
of Cardioscan, their image looks the patient, not the instrument. 
the same. m On-line or off-line calculations 
capability means calculations 
and annotations can be per- 
formed during patient examina- Aw 
tions, or later in video playback. 


a Triple image memory means you 
can store up to three images and 
select the preferred one for cal- 
culations and/or hard copy. 


= ECG with dual trigger enables 
automatic viewing of end-sys- 
tolic and end-diastolic images 
from the same cardiac cycle. 


@ Small, lightweight transducer 
available in a variety of fre- 
quencies and focal zones helps 
make Cardioscan adaptable to a 
wide range of applications. 


The Cardioscan Doppler 

In keeping with Interspec’s com- 
mitment to cardiology, Cardioscan 
has been designed to accept major 
upgrades. One of the first of these 
is the Cardioscan Doppler, which 
adds noninvasive hemodynamics to 
your diagnostic capabilities. With 
pulsed, high PRF, continuous wave 
and comprehensive calculations, 
this Doppler is truly state-of-the-art. 


Reliable service 
Because Cardioscan is made in the 
U.S., availability of parts is never 
a problem. A complete service policy 
includes rapid response to calls 
and a loaner program to assure 
maximum up-time. Compare our image. Compare our price. 
Compare our features. 


Then contact Interspec today. 











Supporting health care 1100 E. Hector Street 
with affordable high technology Conshohocken, PA 19428 
(215) 834-1511 

(800) 332-3246 
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` In hypertension... 
the risks of some diuretics 
or the protection of Lopressor 
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Safe from complications 
due to diuretic-induced Ktloss 


Unlike some diuretics, Lopressor does not waste potassium or cause 
hypokalemia which has been implicated in cardiac arrhythmias. Some diuretic 
therapy requires professional monitoring for potassium depletion. 
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Excellent safety record 


Lopressor is generally well tolerated. Shortness of breath and bradycardia 
have occasionally been reported. Cardioselectivity* offers an added margin 
of safety compared to nonselective beta blockers. 





A safe bet for compliance 


The combination of once-a-day dosage and good tolerability makes 
a Lopressor regimen easy for patients to stay with. 





*Exerts a relative preference for beta-one receptors; this preference is not absolute. 


Contraindicated in heart block greater than first degree, sinus bradycardia, 
cardiogenic shock, and overt heart failure. Side effects with Lopressor are 
generally mild and transient, the most common being tiredness, dizziness, 
depression, and diarrhea. 


Please see next page for Brief Summary of Prescribing Information 
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. Tablets — 
Ampuls — — 
Prefilled Syringes 


. .... BRIEF SUMMARY 
_ (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE 
~~ INSERT) 

~ INDICATIONS AND USAGE 
=- Hypertension 
Lopressor tablets are indicated for the treatment of hyperten- 
sion, They may be used alone or in combination with other 


antihypertensive agents. 
By. Myocardial Infarction 
m i Lopressor ampuls, prefilled syringes and tablets are indicated 


in the treatment of hemodynamically stable patients with 
definite or suspected acute myocardial infarction to reduce 
cardiovascular mortality. Treatment with intravenous 
Lopressor can be initiated as soon as the patient's clinical 
condition allows (see DOSAGE AND ADMINISTRATION, 
CONTRAINDICATIONS, and WARNINGS). Alternatively, treat- 
ment can begin within 3 to 10 days of the acute event (see 
|»... DOSAGE AND ADMINISTRATION). 


CONTRAINDICATIONS 
Hypertension 
Lopressor is contraindicated in sinus bradycardia, heart 
EU block greater than first degree, cardiogenic shock, and overt 
cardiac failure (see WARNINGS). 
Myocardial Infarction 
Lopressor is contraindicated in patients with a heart rate 
« 45 beats/min; significant heart block greater than first 
». degree (P-R interval = 0.24 sec); systolic blood pressure 
Bess. « 100 mmHg; or moderate-to-severe cardiac failure 

y" (see WARNINGS). 


WARNINGS 
> Hypertension 
Cardiac Failure: Sympathetic stimulation is a vital compo- 
= ment supporting circulatory function in congestive heart 
failure, and beta blockade carries the potential hazard of 
further depressing myocardial contractility and precipitating 
more severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and diuretics. 
Lopressor should be administered cautiously. Both digitalis 
and Lopressor slow AV conduction. 

In Patients Without a History of Cardiac Failure: Contin- 
ued depression of the myocardium with beta-blocking agents 
over a period of time can, in some cases, lead to cardiac 
failure. At the first sign or symptom of impending cardiac 
failure, patients should be fully digitalized and/or given a 
diuretic. The response should be observed closely. If cardiac 

: . failure continues, despite adequate digitalization and diuretic 
je therapy. Lopressor should be withdrawn. 
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Ischemic Heart Disease: Following abrupt cessation 
í | of therapy with certain beta-blocking agents, exacerba- 
Tu tions of angina pectoris and, in some cases, myocardial 
x infarction have been reported. Even in the absence of 
i overt angina pectoris, when discontinuing therapy, 


Lopressor should not be withdrawn abruptly, and pa- 
tients should be cautioned against interruption of therapy 
without the physician's advice (see PRECAUTIONS, 
Information for Patients). 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 

ES however, Lopressor may be used with caution in patients 
with bronchospastic disease who do not respond to, or 

cannot tolerate, other antihypertensive treatment. Since 

i beta, selectivity is not absolute, a beta;-stimulating agent 
| should be administered concomitantly, and the lowest 
possible dose of Lopressor should be used. In these 

Y circumstances it would be prudent initially to administer 
L Lopressor in smaller doses three times daily, instead of 
larger doses two times daily, to avoid the higher plasma 
levels associated with the longer dosing interval. 

(See DOSAGE AND ADMINISTRATION.) 

Major Surgery: The necessity or desirability of with- 
drawing beta-blocking therapy prior to major surgery is 
controversial; the impaired ability of the heart to respond to 
reflex adrenergic stimuli may augment the risks of general 
anesthesia and surgical procedures. 

"2 : Lopressor, like other beta blockers, is a competitive 
- -— inhibitor of beta-receptor agonists, and its effects can be 
—.. reversed by administration of such agents, e.g., dobutamine 
e or isoproterenol. However, such patients may be subject to 
= protracted severe hypotension. Difficulty in restarting and 
A maintaining the heart beat has also been reported with beta 
ae blockers. 

I > Si Diabetes and Hypoglycemia: Lopressor should be used 
; with caution in diabetic patients if a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
- hypoglycemia, but other manifestations such as dizziness and 

sweating may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask 
certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be 
managed carefully to avoid abrupt withdrawal of beta 
blockade, which might precipitate a thyroid storm. 
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dial Infarction ! das 
: Failure: Sympathetic stimulation is a vital compo- 
supporting circulatory function, and beta blockade 
carries the potential hazard of depressing myocardial con- 
ae and precipitating or exacerbating minimal cardiac 
ilure. 

During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. If heart failure 
occurs or persists despite appropriate treatment. Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus 
heart rate in most patients; this decrease is greatest among 
patients with high initial heart rates and least among patients 
with low initial heart rates. Acute myocardial infarction 
(particularly inferior infarction) may in itself produce signifi- 
cant lowering of the sinus rate. If the sinus rate decreases 
to < 40 beats/min, particularly if associated with evidence 
of lowered cardiac output, atropine (0.25-0.5 mg) should be 
administered intravenously. If treatment with atropine is not 
successful, Lopressor should be discontinued, and cautious 
administration of isoproterenol or installation of a cardiac 
pacemaker should be considered. 

AV Block: Lopressor slows AV conduction and may 
produce significant first- (P-R interval =0.26 sec). second-, 
or third-degree heart block. Acute myocardial infarction also 
produces heart block. 

If heart block occurs, Lopressor should be discontinued 
and atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful, 


. Cautious administration of isoproterenol or installation of a 


cardiac pacemaker should be considered. 

Hypotension: |f hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related 
to congestive heart failure occurs, Lopressor should be 
discontinued. A theophylline derivative or a beta, agonist 
may be administered cautiously, depending on the clinical 
condition of the patient. Both theophylline derivatives and 
beta, agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with 
impaired hepatic function. 

information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following 
meals. If a dose should be missed, the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
physician. 

Patients should know how they react to this medicine 
before they operate automobiles and machinery or engage in 
other tasks requiring alertness. Patients should contact the 
physician if any difficulty in breathing occurs, and before 
surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor 
Laboratory Tests 
Clinical laboratory findings may include elevated levels cf 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo. syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to 
evaluate toxic effects and carcinogenic potential. In a 1-year 
study in dogs, there was no evidence of drug-induced toxicity 
at or below oral dosages of 105 mg/kg per day. In 2-year 
studies in rats at three oral dosage levels of up to 800 mg/kg 
per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiving 
the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung 
tumors, nor in the overall incidence of tumors or malignant 
tumors. This 21-month study was repeated, and no statis- 
tically or biologically significant differences were observed 
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between treated and control mice of either sex for any type 
of tumor. « s 
Pregnancy Category B 
Reproduction studies have been performed in rats at doses 
up to 55.5 times the maximum daily human dose of 450 mg 
and have revealed no evidence of impaired fertility or 
teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg), and distribution 
studies in mice confirm exposure of the fetus when Lopressor 
is administered to the pregnant animal. There are no 
adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predic- 
tive of human response, this drug should be used during 
pregnancy only if clearly needed. 
Nursing Mothers 
Lopressor is excreted in breast milk in very small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 
Pediatric Use 
Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 
Hypertension 
Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, 
nightmares, and insomnia have also been reported, but a 
drug relationship is not clear. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type; palpita- 
tions; and congestive heart failure have been reported. (See 
CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Respiratory: Wheezing (bronchospasm) has been reported 
in fewer than 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 
patients. Nausea, gastric pain, constipation, flatulence, and 
heartburn have been reported in 1 of 100, or fewer, patients. 

Hypersensitive Reactions: Pruritus has occurred in fewer 
than 1 of 100 patients. Rash has been reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Alopecia has been reported. 

The oculomucocutareous syndrome associated with the 
beta blocker practolol has not been reported with Lopressor. 
Myocardial infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- 
nations, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug 
relationship is not clear. 

Cardiovascular: \n the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
MACOLOGY section. the following adverse reactions were 
reported: 
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Placebo 
23.2% 


6.7% 
4.7% 
1.9% 
29.6% 


Lopressor 
27.4% 


15.9% 
4.7% 


Hypotension 

(systolic BP < $0 mmHg) 
Bradycardia 

(heart rate < 40 beats/min) 
Second- or 

third-degree heart block 
First-degree 5.3% 

heart block (P-R = 0.26 sec) 
Heart failure 27.5% 


Respiratory: Dyspnea of pulmonary origin has been 
reported in tewer than 1 of 100 patients. 

Gastrointestinal; Nausea and abdominal pain have been 
reported in tewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a crug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching 
and sore throat, laryngospasm, and respiratory distress. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Simultaneous Computer Mapping to Facilitate Intraoperative 
Localization of Accessory Pathways in Patients with 
Wolff-Parkinson-White Syndrome 


JEFFREY B. KRAMER, MD, PETER B. CORR, PhD, JAMES L. COX, MD, 
FRANCIS X. WITKOWSKI, MD, and MICHAEL E. CAIN, MD 


Sixteen patients with the Wolff-Parkinson-White 
syndrome underwent simultaneous intraoperative 
computer mapping from multiple sites before sur- 
gical division of the accessory pathways. A 16- 
bipolar electrode band was positioned around the 
atrioventricular groove. Ventricular epicardial 
electrograms from single beats were recorded si- 
multaneously during atrial pacing, resulting in 
maximal preexcitation, and atrial electrograms were 
recorded during orthodromic supraventricular 
tachycardia. Four-level transmural plunge needle 
electrodes were used concomitantly in 3 patients. 
Electrograms were processed separately using a 
guarded signal conditioner that isolates, amplifies, 
filters and analog-to-digitally converts synchronously 
at 2 kHz with 12-bit accuracy. Digital data were 
transmitted by fiber optics to a high-density digital 
recorder and processed with a computer having 
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rapid interactive graphics. Results in the 16 patients 
revealed 20 distinct Kent bundles. Two patients had 
only nonsustained supraventricular tachycardia 
induced intraoperatively and 1 patient manifested 
intermittent anterograde ventricular preexcitation. 
Multiple pathways were identified in 4 patients. This 
simultaneous multiple electrode mapping procedure 
facilitates intraoperative mapping by requiring only 
a single beat for analysis of anterograde and retro- 
grade activation times, decreases cardiac manip- 
ulation during mapping and obviates the need for 
cardiopulmonary bypass, and permits analysis of 
transmural activation patterns. This approach de- 
creases markedly the time required for mapping and 
permits accurate study of nonsustained arrhythmias 
as well as rapid identification of multiple accessory 
pathways. 

(Am J Cardiol 1985;56:571-576) 


Surgical division of accessory atrioventricular (AV) 


pathways has been shown to be effective and safe for the. 


treatment of symptomatic patients with the Wolff- 
Parkinson-White syndrome.!-^ The success of surgical 
therapy depends on accurate localization of the acces- 
sory pathway. Intraoperative mapping is performed to 
define precisely the atrial and ventricular insertion sites 
of the accessory pathways and to detect additional ac- 
cessory pathways that may not have been readily ap- 
parent preoperatively. Conventional intraoperative 
mapping procedures involve the sequential assessment 
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No. of DN 16 
. Age range (yr) 4 to 50 
Sex (M/F) 6/10 
. Pathway location 
Left free wall 12 
Right free wall 2 
Posterior septal 6 
Pts with multiple accessory pathways 
Multiple 4 
Single 12 





Rh bf ventricular and atrial epicardial activation patterns 
tuy a single-bipolar probe during stable ventricular 
eexcitation and sustained orthodromic supraven- 
; tricular tachycardia, (SVT), respectively.>-’ The con- 
E ventional approach has been limited by the time re- 
quired to complete mapping and the associated 
hemodynamic compromise that often accompanies in- 
y duction of SVT, necessitating prolonged cardiopul- 
E monary bypass time and the requirement of a uniform 
sustained arrhythmia. In addition, extensive cardiac 
manipulation, particularly during mapping of the pos- 
" - terior aspect of the heart, may result in a change in QRS 
and delta wave configuration, further hemodynamic 
f aa and inability to maintain a sustained 
pao VT 
Recently, we developed a computerized mapping 
: E stem that allows for simultaneous acquisition, storage 
and analysis of multiple epicardial, intramural and 
d endocardial electrograms derived from a single depo- 
— larization of the heart.? To obviate the limitations of 
. conventional procedures, we performed simultaneous 
- computer mapping intraoperatively in patients with 
k Wolff-Parkinson-White (WPW) syndrome referred for 
surgical treatment. We first selected patients with 
WPW syndrome to assess the clinical applicability of 
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FIGURE 1. Epicardial band contains 16 bipolar button electrodes. 
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the computer mapping system, since the pathogenesis 


of this disorder has been well characterized. 


Methods 


Patients: Sixteen patients with WPW syndrome referred 
to Barnes Hospital for surgical division of their accessory 
pathways were studied intraoperatively with the computer 
mapping system. Each patient had recurrent episodes of 
sustained orthodromic SVT, atrial fibrillation, or both. Each 
patient was studied preoperatively in the Barnes Hospital 
Electrophysiology Laboratory using standard catheter tech- 
niques.” Pertinent clinical characteristics of the patients are 
summarized in Table I. Eighteen accessory pathways were 
identified in the 16 patients during the preoperative electro- 
physiology study. Two additional pathways were identified 
during computer mapping intraoperatively. 

Mapping procedure: Computer mapping was performed 
in each patient after induction of anesthesia, exposure of the 
heart through a median sternotomy and cannulation of the 
great vessels, but before institution of cardiopulmonary by- 
pass. A nylon mesh band with 16 bipolar button electrodes 
(Fig. 1) was positioned around the AV groove. The electrode 
buttons had an interpole spacing of 0.6 mm and rested lightly 
on the epicardial surface of the heart. The distance between 
electrode buttons was 1 cm. Positioning of the band required 
only minimal cardiac manipulation and, once moist, remained 
adherent to the epicardium. Anterograde ventricular activa- 
tion was assessed first during maximal ventricular preexci- 
tation with the band array located below the anular fibrosis. 
Pacing from the atrium ipsilateral to the accessory pathway 
was used to facilitate preexcitation. Decisions regarding pacing 
site and rate of pacing were based on results of the preopera- 
tive electrophysiology study. If multiple pathways were sus- 
pected preoperatively or intraoperatively, pacing from mul- 
tiple atrial sites was performed and anterograde ventricular 
activation assessed. The electrode band was moved superiorly 
to the atrium. Retrograde atrial activation was then assessed 
during orthodromic SVT. In 1 patient, only isolated AV echo 
beats were observed intraoperatively and sustained ortho- 
dromic SVT could not be induced. Mapping from multiple 
atrial sites simultaneously was performed during isolated AV 
echo beats. After institution of cardiopulmonary bypass, 
single-probe mapping was performed in the first 4 patients 
to confirm the findings of the computer analysis and in 5 pa- 
tients who had posterior septal pathways as an adjunctive 
technique for endocardial mapping. In 3 patients who had left 
free wall pathways localized by the band technique, 4 plunge 
needle electrodes containing 4 bipolar pairs per needle were 
inserted at the site of the ventricular insertion of the accessory 
pathway and on either side of the anomalous connection. In- 
terpole spacing was 500 um and each bipole was separated by 
2.5 mm, with the proximal bipole pair located 500 um from 
the epicardial surface. The transmural pattern of ventricular 
activation was assessed during a maximally preexcited 
beat. 

Data processing and analysis: The computer system used 
was recently described in detail. The system was designed 
to accumulate simultaneous information from multiple in- 
tracardiac locations and to facilitate rapid and accurate 
analysis of the data. 

Bipolar electrogram information obtained from epicardial 
and intramural electrodes, along with electrocardiographic 
data, were sampled at 2 kHz, individually amplified, filtered 
(40 to 500 Hz), and digitized using a portable operating room 
cart specially designed for this purpose. The output of each 
amplifier was sequentially strobed at 500 kHz, converted from 
parallel to serial and transferred in a 12-bit digital format 
through a fiberoptic digital transmission system to the remote 
computer facility located approximately 1,000 yards from the 


3 operating suite. The data were then converted back from a 


y 


serial to parallel format and stored on a Sangamo-Weston 
Sabre IV high-density recorder, from which desired data 
segments were analyzed. A 2-way audio transmission and 
analog electrocardiographic data also accompanied the digi- 
tal data stream from the operating room to the computer 
facility. 

Data analysis was performed in several automated steps 
using a PDP 11/34A (Digital Equipment Corp.) computer 


equipped with high-resolution graphic capabilities. Once the 


appropriate beats had been recorded, the electrocardiogram 
was scanned and a time window of variable length chosen to 
examine depolarization sequences of interest. During as- 
sessment of anterograde ventricular activation, the time 
window was positioned at the onset of the delta wave and in- 
corporated the QRS complex. During assessment of retrograde 
atrial activation during either sustained orthodromic SVT or 
an AV echo beat the time window was positioned at the end 
of the QRS complex and incorporated the retrograde P wave. 
Each electrogram was autocalibrated and displayed along with 
a computer-chosen activation time based on a peak criteri- 
on.®!0 Earliest sites of activity and their relation to the delta 





FIGURE 2. Retrograde atrial epicardial activation times during sustained orthodromic supraventricular tachycardia. The electrocardiogram, time - 










wave or retrograde P wave were used to ciat ventricular ay 
and atrial insertion sites of the Kent fibers, respectively. The 
electrographic information and activation times were available — 
instantaneously in the operating room, which was equipped - 4 
with a color graphic display similar to that located in o 
computer facility. 
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Results | 7 : 
Simultaneous intraoperative computer mapping fa- 
cilitated accurate localization of accessory pathways and. 
afforded several other advantages over conventional | E. 
procedures. A representative retrograde atrial activation — 
map during orthodromic SVT is shown in Figure 2. - 
Earliest retrograde atrial activation occurred 27 ms after | á * 
the beginning of the time window and waslocatedata 
left posterolateral site. The remaining sites are activated — 
in a sequential, orderly fashion confirming the presence - Pe 
of a single accessory pathway. m 
Single probe epicardial mapping was performed in - hi 
the first 4 patients to validate activation patterns de- Ee 
termined using the computer mapping system. In these — E. 


- 


window and atrial epicardial electrograms are shown. Numbers on the left of each recording refer to a peak-to-peak amplitude scale after autoranging — 


of the individual electrograms. The vertical cursor represents the computer-derived activation time at each electrode site. In this example, a single - 
left free wall pathway is apparent. Earliest atrial activity was recorded 27 ms after the onset of the time window. ES 
d x t 4 





e FIGURE 3. Anterograde ventricular epicardial activation times during intermittent teniri preexcitation. The electrocardiogram acai a sik aaa? si 
 preexcited beat. The activation men indicates the presence of a right-sided pervect bypass tract. . 
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E patients, the results of the single hand-held probe study 
. localized the accessory pathway to the same site iden- 
- tified by the computer mapping system. However, the 
— conventional approach required cardiopulmonary by- 
sh pass, prolonged atrial pacing and sustained orthodromic 
_ SVT, considerable cardiac manipulation, and 30 to 40 
. minutes to acquire and accurately analyze the data. 
— A During computer mapping, however, only a single 
.. beat of the SVT was required for atrial activation times. 
- As a result, the episode of SVT was terminated after 
only several beats, obviating the need for cardiopul- 
monary bypass during the mapping procedure. Com- 
plete atrial and ventricular mapping and data analysis 
can be completed in approximately 10 minutes. 
= Accurate localization of accessory pathways mani- 
— festing intermittent conduction has heretofore been 
ig difficult and frequently impossible. Simultaneous 
X mapping, in which localization can be made on the basis 
- of asingle beat, obviates this difficulty. Figure 3 shows 
— intermittent ventricular preexcitation. Simultaneous 
- mapping of multiple ventricular sites around the AV 
_ groove during a single preexcited beat reveals a right 
_ posterior paraseptal pathway activating 14 ms after the 
. onset of the time window. A second relatively early zone 
E of activation observed anteriorly (54 ms) is most likely 
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INTRAOPERATIVE COMPUTER MAPPING = 
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the result of anterograde conduction through the ac- 


cessory pathway and normal His-Purkinje system. The 
results of atrial mapping during sustained orthodromic 
SVT revealed a single right paraseptal pathway. After 
dissection of the posterior septal space, preexcitation 
was no longer present and orthodromic SV'T could no 
longer be induced. Retrograde atrial mapping during 
intermittent conduction over a concealed accessory 
pathway from another patient is illustrated in Figure 
4. 'This patient manifested incessant SV'T owing to a 
concealed posterior septal accessory pathway. During 
surgery, however, only frequent AV echo beats occurred 
and sustained SVT could not be induced. Analysis of 
P-wave morphology using multiple electrocardiographic 
leads was identical to that observed preoperatively 
during SVT. Mapping of a single AV echo beat con- 
firmed a posteroseptal concealed accessory pathway. 
Dissection of the posteroseptal space eliminated SV'T 
postoperatively. Multiple accessory pathways may be 
suspected preoperatively, but require extensive and 
laborious intraoperative mapping using conventional 
procedures. The results of simultaneous mapping from 
multiple ventricular sites during ventricular preexci- 
tation in a patient suspected of having 2 distinct ac- 
cessory pathways during the preoperative electro- 





FIGURE 4. Retrograde atrial epicardial activation times during a single atrioventricular echo beat. The accessory pathway was located in the posterior 


septum. 
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physiology study are shown in Figure 5. Analysis of 
ventricular activation times revealed 2 distinct early 
sites of activation occurring 39 and 55 ms after the onset 
of the time window corresponding to a left anterolateral 
and a posteroseptal location, respectively. Activation 
of the right ventricle results from impulse propagation 
clockwise and counterclockwise from these 2 sites and 
accounts for the poor progression of activation times 
along the right AV groove. Thus, rapid identification of 
these 2 accessory pathways was facilitated by simulta- 
neously recording from multiple sites. 

Transmural ventricular activation during ventricular 
preexcitation is illustrated in Figure 6, from a patient 
in whom a left paraseptal pathway had been localized 
by the band mapping technique. Two plunge needles 
located near the left paraseptal tract (electrodes C and 
D) showed earliest activation at a subepicardial location 
with reversal of the normal endocardial to epicardial 
activation patterns. However, the 2 plunge electrodes 
located at adjacent sites (electrodes A and B) show 
normal endocardial to epicardial activation. This phe- 
nomenon, observed in each of the 3 patients studied in 
which transmural recordings were obtained, verified the 
epicardial location of the left free wall Kent bundles. 


Discussion 


The present report is a summary of our experience 
using simultaneous epicardial and transmural mapping 
of the AV groove for rapid and accurate localization of 
accessory pathways. Simultaneous epicardial mapping 
of the AV groove affords several distinct advantages 
over conventional single-probe analysis. First, the band 
technique offers accurate and rapid identification of 
accessory pathways and obviates the need for cardio- 
pulmonary bypass during cardiac mapping. Both the 
ventricular and atrial insertion sites can be identified 
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FIGURE 6. Transmural ventricular activation during ventricular preexcitation in a patient with a left paraseptal accessory pathway. Note the reversal 
of the normal endocardial to epicardial activation pattern recorded from electrodes C and D positioned at the site of ventricular insertion. Normal 
bi * (endocardial to epicardial) transmural activation is apparent from recordings at electrodes A and B, positioned at adjacent ventricular sites. 


` ^ "e ^ * » - . ` e 
2 | à 1i B. C - cu "A in ^ ut ~ 
Aena í LN à € +> irs - 1 k S bia ròin 1i Pd V. Vu 


© October 1,1885. THE AMERICAN JOURN 








TY 
* 


L OF CARDIOLOGY Volume 56 


rapidly using anterograde and retrograde maps. Second, . 3 
this approach promotes stable pathway conduction by — - 
reducing the need for extensive cardiac manipulation — - 





t 
- 





3 


" 
575 ` 
^w 






during mapping. Third, accurate mapping can be  - 
completed during intermittent conduction over the 
accessory pathway. Fourth, in cases of multiple acces- - E. 


sory pathways, distinct pathways can be discerned from es. i 
a single beat (Fig. 5) or when multiple pacing sites are — 
required to elicit conduction over alternate pathways, ` 


several maps can be obtained rapidly. 


Previous reports have detailed computer-assisted ; ! 
mapping techniques used to facilitate intraoperative 
localization of accessory pathways. Techniques for si- 


multaneous multisite mapping have also been reported, 


including sock arrays!! and a 4-probe glove.!? However, — . 


the clinical value of these methods has not been docu- — 
mented thoroughly. Band mapping of the AV groove 


provides a complete assessment of the areas of concern 


without the need for cumbersome electrode arrays and _ : 


time-consuming electrode localization procedures. . E 
Furthermore, the resolution afforded by the technique | 
is readily expandable because as many as 240 sites can — - 


be assessed simultaneously using our current system 


configuration. 


The band mapping technique has no associated b: e 
morbidity other than that associated with the operation  : 


itself. Two potential drawbacks to selective mapping of | 


the AV groove have been discussed previously.® First, | 


the presence of abundant epicardial fat in this location 
can obscure definitive electrical recordings. In this case, 
the band can be easily repositioned inferiorly to lie 
further below the AV groove. 'The other potential 
problem associated with selective mapping of the AV 
groove is the unusual occurrence of Mahaim or nodov- 


entricular fibers causing preexcitation. These fibers  . 
E 


characteristically have ventricular insertions well below 


the AV groove. When Mahaim fibers are suspected - 
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f preoperatively, more extensive simultaneous intraop- 
_ erative mapping using an epicardial sock array are re- 
_ quired. In addition, the persistence of preexcitation 
~ immediately after an ablative procedure would be an 
.. indication for complete epicardial mapping. 
. Analysis of anterograde ventricular and retrograde 
- atrial activation patterns help to guide the surgical di- 
= vision of accessory pathways only if mapping is per- 
— formed during arrhythmias representative of those 
- occurring clinically, a necessity for conventional or 
—— computer mapping systems. During surgery, multiple 
— surface electrocardiographic leads and electrograms 
_ from atrial and ventricular reference plaque electrodes 
are monitored continuously to confirm that electro- 
— physiologic derangements observed intraoperatively are 
_ identical to those detected clinically. In this study, 
_ ventricular and atrial activation patterns were assessed 
_ during a single depolarization of the heart. The ventri- 
_ cles were mapped whenever possible during stable 
. preexcitation and the atria mapped during stable 
- orthodromic SVT. Although complete activation data 
around the AV groove were available from a single beat, 
a subsequent beat was routinely analyzed to assure re- 
_ producibility of the activation patterns. In 2 patients, 
— intermittent conduction through the accessory pathway 
- occurred intraoperatively (Fig. 3 and 4). In such in- 
_ stances, careful scrutiny of the QRS complex and P- 
. wave morphologies using multiple electrocardiographic 
- leads and comparison to preoperative findings was 
- mandatory before concluding that these isolated beats 
reflected conduction through the accessory pathway and 
. not spontaneous or mechanically induced ectopic de- 
polarizations. In both patients, conduction through the 
-~ accessory pathway, although intermittent, occurred on 
. several occasions. In each patient, at least 2 isolated 
- beats were analyzed before decisions regarding the 
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- surgical approach were made. 

_ The finding of a reversal in the normal ventricular 
- endocardial to epicardial activation pattern in instances 
- of left free wall pathways supports the concept that 
- these tracts insert epicardially and pass over, rather 
- than under or through, the anular fibrosis.!? The results 
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of transmural mapping in these patients may have im- 
portant clinical implications for improved surgical 
techniques. This finding, however, may not be appli- 
cable in right-sided accessory pathways because the 
anulus of the right ventricle is often deficient on 
pathologic examination.!?:14 * 
In conclusion, the technique of simultaneous epi- 
cardial mapping of the AV groove provides a rapid and 
useful means of localizing accessory pathways in pa- 
tients with the WPW syndrome. Multiple-site mapping 
of this type may also be useful in facilitating the surgical 
approach to other arrhythmias, including ventricular 
tachycardia. 


Acknowledgment: We gratefully acknowledge the secre- à 
tarial expertise of Ava Ysaguirre and Elaine Zuzack. 
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Prospective Comparison of Holter Monitoring and 
Electrophysiologic Study in Patients with Coronary Artery 
Disease and Sustained Ventricular Tachyarrhythmias 


CHARLES D. SWERDLOW, MD, and JAN PETERSON, RN 


Baseline 24-hour Holter monitoring (HM) and 
electrophysiologic study (EPS) were compared in 
43 consecutive patients with coronary artery dis- 
ease who had sustained ventricular tachyarrhyth- 
mias to determine the fraction of patients in whom 
each could be performed and the fraction in whom 
each could be used to guide therapy. Patients were 
excluded from HM if sustained ventricular tachy- 
cardia (VT) requiring termination occurred and from 
EPS if heart failure was sufficiently severe to cause 
excessive risk. More patients completed EPS than 
HM (9096 vs 7196), but this difference was not 
statistically significant (p — 0.12). Overall, HM de- 
tected arrhythmias suitable for antiarrhythmic drug 


Both electrophysiologic study (EPS) and Holter mon- 
itoring (HM) have been used to guide antiarrhythmic 
therapy in patients with ventricular tachyarrhythmias. 
The clinical value of either method depends on many 
factors. Previous investigators have reported the inci- 
dence of arrhythmia detection in patients referred for 
evaluation,!~® predictive value of failure to identify an 
arrhythmia,^-9 probability of predicting therapy ef- 
fective, 4578 accuracy of therapy prediction, *71? risks! 
and cost.!? No study has directly compared these 2 ap- 
proaches to determine fraction of patients in which ei- 
ther could be performed or could be used to guide 
therapy. We performed both baseline HM and EPS in 
consecutive patients to address these issues. 


Methods 


Patients: We prospectively evaluated 33 consecutive pa- 
tients with coronary artery disease admitted to a community 
hospital who had spontaneous ventricular fibrillation or 
sustained ventricular tachycardia (VT) at least 2 months after 
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assessment in 50% of patients: 30 or more ven- - i 
tricular premature complexes (VPCs) per hour in 


50%, 10 or more VPC pairs in 44%, 5 or more runs 


in 19%, and 10 or more pairs and runs in 44%. 
Sustained monomorphic VT suitable for electro- 
pharmacologic testing was induced at EPS in 82% — 
(p = 0.003 vs HM). Drug efficacy could be assessed 
in 70% of patients evaluated by HM, compared with — 
96% evaluated by EPS (p = 0.02). Thus, in con- 
secutive coronary patients with sustained ventricular — 
tachyarrhythmias, EPS could be used to guide 


therapy more frequently than HM. 
(Am J Cardiol 1985;56:577-580) 


acute myocardial infarction. Myocardial infarction was V 
diagnosed by characteristic evolutionary electrocardiographic — 
(ECG) and enzymatic changes or pathologic Q waves in 2 or - 


more ECG leads. All patients had at least 90% angiographic 


narrowing of 1 or more major coronary arteries. We excluded . 
1 patient who had ventricular fibrillation associated with acute 


aortocoronary bypass graft occlusion. Characteristics of the 
remaining 32 patients, all men, are summarized in Table I. 


Eighteen patients were admitted from the emergency ward, . 


19 were transferred from intensive care units within 2 days of 
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admission and 2 were transferred from ward beds; only 2 were 


referred specifically for EPS. 


Patients had baseline 24-hour HM after all antiarrhythmic | 
drugs except digoxin were discontinued for 5 half-lives. EPS 
was performed within 24 hours of completion of HM. Patients — 


were judged ineligible for HM to avoid multiple cardioversions 


if sustained, symptomatic VT requiring termination occurred — 


during drug withdrawal or HM. In these patients, intravenous 
lidocaine was administered and withdrawn 8 hours before 
EPS. If frequent, sustained VT occurred in the baseline state 
and after antiarrhythmic drug administration, EPS was 
performed without withholding drugs for 5 half-lives. Patients 
were judged ineligible for EPS if they had heart failure suffi- 


ciently severe to cause excessive risk, defined as New York - 


Heart Association functional class IV and need for continuous _ 


vasopressor support. 


Holter monitoring: HM was performed with a commercial 
recorder (ICR 7200) using modified leads V; and V5. Re- - 
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. cordings were analyzed using a semiautomated commercial 
. scanner (ICR 6201D). In patients who had bundle branch 
.. block or permanent pacemakers, the entire 24-hour recording 
. was printed using a full disclosure system (ICR Variprinter) 
and hand counted. In the remaining patients, a QRS complex 
was identified as a ventricular premature complex (VPC) by 
 atemplate matching system. The accuracy of the template 
system was verified by the scanner hourly or more often. All 
-. VPC pairs and runs of VT were hand validated. VT was de- 
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fined as 3 or more consecutive ventricular complexes at a mean 
rate of 100 beats/min or higher. In 3 complex runs of VT, both 
— RRintervals were required to be shorter than 600 ms. Patients 
j . were judged eligible for antiarrhythmic drug assessment if the 
. mean VPC frequency was 30 or more per hour or the sum of 
-. VPC pairs and VT runs in 24 hours was 10 or more. 

- . Blectrophysiologic study: Quadripolar electrode catheters 
_ were inserted percutaneously and positioned in the high right 
— atrium, right ventricular apex and His bundle recording po- 
_ sition. An electrode catheter was positioned in the left ven- 
. tricle whenever VT could not be initiated by programmed 
— stimulation from the right ventricle. Three or 4 surface ECG 
_ leads were recorded simultaneously with intracardiac elec- 
- trograms. Stimuli were 2-ms rectangular pulses delivered at 
_ 4times diastolic capture threshold using a Bloom Associates 
_ DTU-101 stimulator and stimulus isolator. The threshold was 
— less than 0.5 mA in all patients. 

! We followed a strict programmed stimulation protocol until 
_ either sustained VT was initiated or the protocol was com- 
. pleted. The protocol included: (1) atrial pacing up to the rate 


$e 


_ at which atrioventricular nodal Wenckebach block occurred, 
— (2) asingle extrastimulus delivered from the right ventricular 
apex in sinus rhythm, (3) up to 3 right ventricular apical ex- 
trastimuli in ventricular paced rhythm at 4 basic pacing cycle 
_ lengths (600, 500, 430 and 400 ms), and (4) bursts of rapid 
- ventricular pacing to a minimum cycle length of 250 ms. If 
. these techniques failed to initiate sustained VT, the protocol 
- was repeated from the right ventricular outflow tract and at 
- least 2 left ventricular sites. Patients were judged to have no 
_ inducible VT if fewer than 5 repetitive ventricular responses 
- were initiated. Induced unsustained VT was defined as VT 
_ lasting 6 complexes to 30 seconds. Induced VT was considered 
" monomorphic if QRS morphology was uniform and poly- 
. morphic if QRS morphology varied continuously. We con- 
_ sidered patients eligible for antiarrhythmic drug assessment 
_ only if sustained monomorphic VT lasting longer than 30 
. seconds was induced. 
— — Statistical analysis: Continuous data are presented as 
. mean + standard deviation. Basic comparative statistics were 
- calculated using the chi-square test with Yates’ correction or 
_ Fisher's exact test. 


Results 


— Patient eligibility: Twenty-three patients (71%) 
. completed HM; 9 (29%) did not complete HM, because 
: they had sustained, symptomatic VT that required 
_ therapy during drug withdrawal (8 patients) or HM (1 
. patient). Symptoms of VT were syncope in 8 patients 

and angina associated with presyncope in 1 patient. VT 
was terminated by cardioversion in 8 patients and 
. precordial thump in 1 patient. We withdrew antiar- 
. rhythmic drug treatment a second time and repeated 
. HM in only 3 of 9 patients in whom HM could not be 

performed initially. All 3 completed 24 hours of control 
-HM 1 to 3 weeks later, although 2 of them had more 
than 10 episodes of VT requiring cardioversion or pace 

termination before and after antiarrhythmic drug ad- 
 ministration during the initial period. 


ETIEN 


EEE eee FNE TU F fgg pa p PICT EX a U med 
Tu ae 2 
TABLE! Patient Characteristics 
Characteristics 
No. of pts 32 
Age (yr) 65 + 11 
Myocardial infarction 32 
Arrhythmia 
Monomorphic VT 22 (6996) 
Monomorphic VT and VF 7 (2296) 
VF 3 (996) 
Cardioversion required 31 (97 96) 
Cardiac arrest 22 (6996) 
Left ventricular function 
Z Left ventricular end-diastolic pressure 16 8 (n = 29) 
mm H 
Peai index (liters/min/m?) 2.7+6.7 (n= 29) 
Left ventricular ejection fraction* 0.34+0.13 (n= 32) 
NYHA functional class 
| 0 (096) 
I 15 (47%) 
I 12 (37 96) 
IV 5 (1696) 


* Left ventricular ejection fraction was determined by contrast 
ventriculography in the 30? right anterior oblique projection in 29 pa- 
tients and by radionuclide ventriculography in 3 patients. 

NYHA = New York Heart Association; VF = ventricular fibrillation; 
VT = ventricular tachycardia. 


One eligible patient did not undergo EPS at the re- 
quest of his referring physician; EPS was performed in 
28 of the remaining 31 patients (90%). Three patients 
were considered ineligible for EPS because of severity 
of heart failure (left ventricular ejection fraction 0.14 
+ 0.03, pulmonary capillary wedge pressure 25 + 6 mm 
Hg, and cardiac index 1.9 + 0.2 liters/min/m?). At the 
time of EPS, antiarrhythmic drugs had been withheld 
for 5 half-lives (23 patients) or were present in sub- 
therapeutic concentrations (lidocaine less than 0.3 ug/ml, 
3 patients) in 26 of 28 patients (93%). Clinically signif- 
icant antiarrhythmic drug plasma concentrations (lido- 
caine 2.6 ug/ml, procainamide 3.4 ug/ml) were measured 
in 2 patients at the time of EPS; both had more than 10 
episodes of spontaneous, monomorphic, sustained VT 
in the baseline state and after drug administration. No 
patient had complications as a result of EPS. 

Although EPS could be performed in more patients 
than HM, this difference was not statistically significant 
(p = 0.12). EPS was completed more frequently than 
HM in patients admitted through the emergency ward 
(15 of 17 [87%] vs 11 of 18 [61%], p = 0.14), but not in 
patients transferred from other hospitals (13 of 14 [93%] 
vs 12 of 14 [86%], difference not significant). 

Arrhythmia detection: The prevalence of ar- 
rhythmias recorded by HM is shown in Table II. Drug 
assessment could be performed in 16 patients (5096 of 


all patients, 70% of patients completing HM). Thirteen - 


of the 18 patients (72%) in whom VT was recorded 
during HM had 6 or fewer episodes: 1 episode in 7 pa- 
tients, 2 episodes in 2 patients, 3 episodes in 2 patients, 
and 4, 6, 20, 22, 34, 98 and 6,626 episodes in 1 patient 
each. The longest episodes were 3 complexes in 7 pa- 
tients, 4 to 6 complexes in 6 patients, 7 to 10 complexes 
in 4 patients and 5 minutes in 1 patient. In the 16 pa- 
tients with the fewest episodes, most episodes were 
short: 74% were 3 complexes in duration, 21% were 4 or 
5 complexes, and 5% were 6 to 8 complexes. The patient 
who had 98 episodes had 88 episodes longer than 
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T TABLE || Prevalence of Arrhythmias in 23 Patients Who Completed Holter Monitoring lc 
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Arrhythmia Frequency E 
Arrhythmia P . 
Type 0-1 2-9 10-29 30-99 100-299 300-999 21000 E : 
VPCs/hour 2 2 3 6 5 3 2 E 
0 1-5 6-9 10-29 30-99 2100 p 
VPC pairs/24 hours 3 2 2 1 9 E. 
VT runs/24 hours 7 10 1 2 2 1 = 
Pairs + runs/24 hours 2 4 2 1 9 5 
VPC = premature ventricular complex; VT = ventricular tachycardia. 3 m 
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10 complexes, the longest lasting 5 minutes; the lon- 
gest episode in the patient who had 6,626 runs was 10 
complexes. 

Sustained monomorphic VT suitable for drug as- 
sessment was induced in 27 patients at EPS (87% of 
patients, 96% of eligible patients). A maximum of 13 
complexes of polymorphic V'T was induced in 1 patient, 
whose clinical arrhythmia was ventricular fibrillation. 
Sustained VT morphologically identical to the clinical 
arrhythmia was induced in both patients in whom initial 
EPS was performed in the presence of significant 
antiarrhythmic drug concentrations. 

Overall, arrhythmias suitable for antiarrhythmic drug 
evaluation were detected more frequently by EPS than 
by HM: 87% vs 5096 (p = 0.003) for all patients and 


96% vs 70% (p = 0.02) for patients completing EPS 


or HM. 


Discussion 


Both HM and EPS have been used to guide long-term 
antiarrhythmic therapy in patients who have sustained 
ventricular tachyarrhythmias. This study prospectively 
determined the fraction of consecutive patients with 
coronary artery disease in whom each technique could 
be performed and used to select therapy. 

HM was completed in 71% of patients and antiar- 
rhythmic therapy was assessed in 50% (70% of evaluated 
patients). Ezri et al’ recorded baseline HM in 19 pa- 
tients with ventricular tachyarrhythmia, with similar 
results: 63% had 30 or more VPCs/hour, 58% had VPC 
pairs and 21% had VT. 

In contrast, Graboys et al® reported that 100 of 106 
patients (94%) with ventricular tachyarrhythmia com- 
pleted baseline 48-hour HM. VPC pairs were detected 
in all 100 patients and VT in 90; VPC frequency was not 
reported. The difference in applicability of HM between 
our study and theirs may be a result of our higher inci- 
dence of emergency admissions (56% vs 0%); 86% of our 
patients who were not emergency admissions completed 
HM. The causes of disparity in the prevalence of re- 
corded arrhythmias are less certain; differences in du- 
ration of monitoring!? and patient populations may be 
factors. 

Previous detailed analyses of HM ventricular ar- 
rhythmia complexity have been limited to ambulatory 
populations of apparently healthy persons,!^!? patients 
with coronary disease,!®!" and postinfarction pa- 
tients.1?17.18 As expected, the frequency and complexity 
of recorded arrhythmias were greater in our patients 


than in those populations, but the characteristics of — . 
recorded VT were similar: In ambulatory populations, | 
50 to 7496 of 24-hour recordings that show VT had only | 
a single episode,!??! 30 to 47% had only 3 complex 
runs,!9:20 and 16 to 55% of episodes were 3 complexesin 
duration.?!-?? We found that 39% had only a single ep- | 
isode, 39% had only 3 complex runs, and 74% of episodes | 
in the 16 patients with fewest episodes were 3 complexes | 
in duration. a 
In our study, EPS could be used to assess drug ther- — 
apy more frequently than HM. Although 56% of our 
patients were admitted through the emergency ward | 
and only 16% were referred specifically for EPS, the 
incidence and types of induced arrhythmias in our pa- 
tients are similar to those reported for patients referred — 
for EPS who had sustained VT,!'-? ventricular fibrilla- _ 
tion* or cardiac arrest.*° 
No programmed stimulation protocol is completely - 
sensitive and specific. Protocols such as ours that use — . 
3 extrastimuli have been reported to initiate clinical VT | 
in 12 to 24% more patients than protocols using only 2 | 
extrastimuli?? as well as nonclinical polymorphic VT  . 
in up to 31% of patients without spontaneous VT.’ To — 
avoid false-positive outcomes, we considered only in- 
duced, sustained monomorphic VT suitable for drug — 
assessment. Induced, polymorphic VT, which may be — 
clinically relevant in some patients? and not in others,’ _ 
was judged a finding of uncertain significance. ! 
Patients who have frequent sustained VT presenta | 
particularly difficult management problem. Although 
suppression of spontaneous sustained arrhythmias has | 
been used to measure drug efficacy in these patients, - 
this approach did not distinguish spontaneous vari- - 
ability in arrhythmia frequency from drug effect in the . 
3 patients in whom we repeated baseline HM after it — 
could not be performed initially. In contrast, EPS may 
be used to evaluate therapy without discontinu- © 
ing antiarrhythmic drugs if the clinical arrhythmia is 
induced. | 
Our study has several limitations. We compared HM 
and EPS only for the fraction of patients in whom either 
could be used to guide therapy; we did not analyze the 
likelihood of predicting therapy effective, accuracy of — 
therapy prediction, time required for therapy identifi- 
cation, costs, risks or institutional availability. Our 
population had a high proportion of acutely ill patients, 
and our results may not apply to a population of elec- 
tively referred patients. Because HM and EPS measure - 
different arrhythmias and the minimum arrhythmia _ 
suitable for therapy evaluation by either method is 
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E uncertain, any comparison of these methods for ar- 
- rhythmia detection must apply arbitary criteria. Our 
. incidence of detection of arrhythmias by HM would 
. have been lower if we had analyzed only repetitive 
forms. It might have been higher if we had used a longer 
. monitoring duration!? or continued monitoring after 
. patients required cardioversion, although the latter 
. approach would have limited practical, clinical appli- 
-. cation. Our incidence of induced arrhythmias suitable 


^ 
x 


__ Both HM and EPS have specific advantages and 


{ 
' 


i 


_ limitations; they are neither universally applicable nor 
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Comparative Efficacy and Safety of Oral Tocainide 
and Quinidine for Benign and Potentially Lethal 
Ventricular Arrhythmias 


JOEL MORGANROTH, MD, CARL OSHRAIN, MD, and PETER P. STEELE, MD 





The antiarrhythmic efficacy and safety of oral to- 
cainide hydrochloride and quinidine sulfate were 
compared in a double-blind, 3-center, parallel trial 
involving 133 patients with benign and potentially 
lethal ventricular arrhythmias. Baseline demo- 
graphic, etiologic, functional and ventricular ar- 
rhythmia data were not significantly different be- 
tween the 2 groups. Two weeks of an initial placebo 
period were followed by 8 weeks of active drug 
treatment, concluding with 4 weeks of washout. 
Frequent 24-hour ambulatory electrocardiographic 
monitoring was used to judge efficacy. Ten of 27 
patients (37%) receiving tocainide and 12 of 24 
patients (50 % ) receiving quinidine had a 75% re- 
duction with drug treatment compared with the initial 
placebo period (p >0.25). Total abolition of ven- 
tricular tachycardia occurred in 6 of 16 patients 


(37%) receiving tocainide and 6 of 13 patients 


(43%) receiving quinidine (p >0.25). Conditions 


that required discontinuation of therapy occurred in 
18 of 67 patients (27 96) receiving tocainide and 16 
of 66 (2496) receiving quinidine (difference not 
significant). More patients had dizziness during to- 
cainide treatment and diarrhea during quinidine 
treatment. Quinidine caused a prolongation in the 
QT interval (0.03 second); tocainide caused a slight 
reduction (0.01 second). No important changes in 





vital signs or laboratory measurements were ob- — 


served in left ventricular ejection fraction when 


measured. Thus, tocainide, the new oral analog of — 


lidocaine, appears to be as safe as quinidine but is 


slightly less effective in suppressing ventricular — 


arrhythmias. 


a ——— — ————0 


Ventricular arrhythmias are important in predicting 
sudden cardiac death.! In more than 80% of patients 
wearing a Holter monitor sudden death was the result 
of a ventricular tachyarrhythmia that led to ventricular 
fibrillation.? Ventricular arrhythmias occur in 3 clinical 
settings, which are defined by their immediate hemo- 
dynamic consequence and their potential risk of causing 
sudden cardiac death?: benign, potentially lethal and 
lethal. Whether sudden cardiac death can be prevented 
by antiarrhythmic therapy is still an unsettled question 
and can be answered only by properly constituted 
trials.^? Nevertheless, antiarrhythmic treatment for 
ventricular arrhythmias that are symptomatic, that 
cause hemodynamic sequelae or that are lethal is part 
of the daily practice of clinicians. 
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Tocainide is a new antiarrhythmic agent with effects 


(Am J Cardiol 1985;56:581-585) - 


similar to those of lidocaine; thus, it is considered a class id 


IB agent. Tocainide increases ventricular fibrillation 


threshold in ischemic and nonischemic models.’ It has - = 
little effect on electrocardiographic (ECG) intervals or  . 


myocardial hemodynamic status and its 15-hour half- 


life permits 2- or 3-times-daily dosing schedules. Pla- - 


cebo-controlled studies have shown that tocainide is 


effective? in about 50% of patients with benign and ~ 


potentially lethal ventricular arrhythmias.® This report 
details the results of a multicenter clinical trial aimed 


at comparing the efficacy and safety of oral tocainide 


with those of the standard class IA antiarrhythmic 
agent, quinidine, in patients with benign and potentially 
lethal ventricular arrhythmias.? 


Methods 


Trial design: This was a 14-week, parallel, randomized, x 


double-blind, quinidine-controlled, 3-center (Philadelphia, 


Rochester and Denver), outpatient study. Patients included — 


in this trial were adults (older than 18 years) with benign or 


potentially lethal ventricular arrhythmias. The principal in- ; 


clusion criterion was the presence of frequent ventricular 
premature complexes (VPCs), averaging at least 60 per hour 
over 48 hours of ambulatory monitoring during 2 weeks of 


3 Heart Association; VPCs = 
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—. TABLE! Comparison of the Baseline Characteristics of 
the Two Drug Groups 
Tocainide Quinidine 
(n = 67) (n — 66) 
. Mean age (yr) and range 59 (28-83) 58 (20-86) 
|. Men 54 54 
- NYHA class 
I 36 35 
I 23 19 
Hl 8 10 
IV 0 1 
| Unknown 0 1 
~ ASHD 39 36 
CHF 12 5 
HTN 5 8 
MVP 1 1 
_ Idiopathic 16 16 
Use of digoxin 9 9 
Median VPCs/hour 293 279 
Mean VPCs/hour 438 + 422 506 + 519 


ASH = atherosclerotic heart disease; CHF = congestive heart failure; 
HTN = hypertension; MVP = mitral valve prolapse; NYHA = New York 
ventricular premature complexes. 


placebo therapy. All antiarrhythmic drugs, including 6 
blockers (but excluding digitalis preparations), were discon- 
tinued before the initial 2-week placebo period. Patient ex- 
clusion criteria included known allergy to quinidine or 
amide-type local anesthetic agents, myasthenia gravis, use of 


. a cardiac pacemaker, a creatinine level above 2.5 mg/dl, the 


presence of second- or third-degree atrioventricular (AV) 


block, trifascicular block, right bundle branch block with left 


posterior hemiblock, a prolonged QT interval syndrome or 


_ Wolff-Parkinson-White syndrome. 


After signing the informed consent form, which had been 


P approved by the local Institutional Review Boards, the pa- 
_ tients began a 2-week baseline period during which 2 placebo 
- tablets were taken orally every 6 hours. Eligible patients were 
. assigned to 1 of 2 treatment groups according to an allocation 
_ schedule of random numbers. Patients received either 600 mg 
_ of tocainide hydrochloride every 12 hours or 300 mg of quin- 
- idine sulfate every 6 hours for the 8 weeks of active treatment. 
. Participants were required to take 2 kinds of tablets (tocainide 
. or its placebo and quinidine or its placebo) to maintain the 
- double-blind design of the trial. Then, patients entered a 4 


week post-active drug treatment period, when placebo was 


again administered as 2 tablets every 6 hours. During the 
initial placebo period each patient underwent a complete 
 . medical history, weekly physical examination, a 12-lead 


electrocardiogram, ophthalmologic examination, chest ra- 


- diograph and complete clinical laboratory screening. Patients 
- were also evaluated at weeks 3, 4, 6, 8 and 10 during the active 
: drug period and as well as weeks 12 and 14 during the final 








24hECG 


FIGURE 1. The placebo-controlled, parallel study design using tocainide, 
600 mg twice daily, and quinidine, 300 mg 4 times daily. Twenty-four- 


hour Holter recordings (ECG) were recorded as shown. 


"NM 
placebo. On each of these 9 occasions, vital signs were re~ 
corded, a history was taken and physical examination was 
performed. Ophthalmalogic and chest radiographic exami- 
nations were repeated during the placebo period after treat- 
ment. Clinical laboratory screening was obtained during weeks 
1, 4, 10 and 12 and a 24-hour continuous Holter monitoring 
recording was performed during weeks 1, 2, 4, 6, 8, 10, 12 and 
14 (Fig. 1). 

In the Denver center, 13 patients were subjected to a non- 
invasive determination of left ventricular ejection fraction 
using a dynamic gated radionuclide angiographic technique. 
This test was performed during the placebo periods before and 
after treatment and at the end of 6 weeks of active drug 
therapy. 

Data analysis: For the cardiovascular and quantitative 
laboratory parameters, within-group test of changes from 
before treatment were performed by combining the Wilcoxon 
signed rank statistics for each investigator. To assess inter- 
action between investigator and treatment and of investigator 
main effects, an analysis of variance on the overall relative 
ranks was performed. Between group tests of treatment effects 
were performed using a nonparametric (rank) randomized 
block analysis on ranks within each block (investigator). When 
there was a significant between-group difference before 
treatment and it appeared that the difference might affect the 
analysis of changes from before treatment, an analysis of co- 
variance was performed on the actual values using the baseline 
value as the covariate. Qualitative laboratory parameters and 
adverse effects were analyzed using Fisher’s exact test on 2 X 
2 tables. The significance level for the test of interaction was 
0.10; all other tests used the 0.05 significance level. 

The efficacy of tocainide and quinidine was evaluted by 
comparing the VPC frequency on the available 24-hour Holter 
recordings during the active drug period with the average of 
the two 24-hour Holter recordings during the initial 2-week 
placebo period. A 75% reduction in VPC frequency was con- 
sidered to be an effective response. The number of responders 
per treatment group was compared using Fisher’s exact test 
on 2 X 2 tables. 

A central research facility (the Cardio Data Systems of 
United Medical Corp., Haddonfield, New Jersey) was used 
to analyze all of the 24-hour recordings from the 3 centers. 
Analysts were blinded as to the treatment of the patient. 
Details of the nature of the system as well as its quality control 
features, validity, reproducibility and precision have been 
reported.? 


Results 


Patient characteristics: The 3 centers enrolled a 
total of 136 patients. Three of these 136 patients never 
received active drug treatment, 26 were discontinued 
from the study because of inadequate VPC frequency 
during the pretreatment baseline period, 34 were dis- 
continued before completing the trial because of adverse 
reactions (1 during the final placebo period) and 2 were 
discontinued for administrative reasons. Table I'is a list 
of the baseline characteristics for the 67 patients who 
randomized to tocainide and to the 66 patients ran- 
domized to quinidine. There were no significant dif- 
ferences between the 2 drug groups for any of the cate- 
gories listed. 

Suppression of ventricular arrhythmias: When 
patients are considered who met the inclusion baseline 
VPC frequency (at least 60 per hour) criteria and when 
patients who were withdrawn because of adverse reac- 
tions or administrative reasons are considered as 





a TABLE Il Degrees of Suppression of Ventricular 


Premature Complexes in the Two Drug Groups 


VPC Suppression (%) 





n <49 75-84 85-99 100 


Tocainide 27 13 4 4 4 2 
Quinidine 24 7 5 1 9 2 


VPC = ventricular premature complex. 


50-74 





treatment failures, then 101 patients are analyzable for 
the determination of suppression of ventricular ar- 
rhythmias. A 75% reduction on active drug treatment 
compared to the pretreatment placebo period was found 
in 12 of 54 patients (22%) randomized to tocainide and 
18 of 47 (38%) randomized to quinidine (p = 0.086). 
Figure 2 details the mean suppression of VPCs during 
the 3 phases of the protocol in patients randomized to 
quinidine or tocainide. For patients with ventricular 
tachycardia in the pretreatment period, complete ab- 
olition of ventricular tachycardia was seen in 8 of 38 
patients (21%) randomized to tocainide and 10 of 28 
(36%) randomized to quinidine (p >0.25). 

When patients with inadequate VPCs at baseline 
patients who discontinued for administrative or adverse 
reactions and, those who did not have a return of VPCs 
on the Holter monitor obtained in the final placebo 
period are excluded, then 51 patients are available for 
efficacy analysis. A 75% reduction in VPCs was observed 
in 10 of 27 patients (37%) randomized to tocainide and 
12 of 24 (50%) randomized to quinidine (p >0.25). 
Complete abolition of ventricular tachycardia occurred 
in 6 of 16 patients (37%) randomized to tocainide and 
6 of 13 (48%) randomized to quinidine (p >0.25). Table 
II is a list of the percent reduction using several different 
categories in comparing patients treated with tocainide 
or quinidine for VPCs. 

Adverse reactions: Thirty-four of 67 patients (51%) 
receiving tocainide and 42 of 66 (64%) receiving quini- 
dine reported adverse effects (difference not significant 


500 € Quinidine 


MEAN VPC/HOUR 


Pre-drug Active Post-drug 

Placebo Treatment Placebo 
FIGURE 2. Mean ventricular premature complex (VPC) frequency per 
hour from Holter monitoring data for patients randomized to quinidine 
and tocainide. Predrug placebo, active treatment and the postdrug 
placebo periods are compared. 





October 1, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 — 583  , 


TABLE Ill Adverse Reactions 

Tocainide Quinidine 

Reason for Withdrawal (n = 67) (n = 66) 
CNS (ataxia, tremor, dizzy) 8 0 
Rash 4 5 
CNS and gastrointestinal 3 4 
Gastrointestinal (diarrhea, nausea, 1 3 
vomiting and anorexia) 

Congestive heart failure 1 1 
Death 1 1 
Intercurrent viral infection 0 1 
Atrial fibrillation and VT 0 E 
Total 18 (27%) 16 (24%) 


* Occurred in post drug placebo period. 
CNS = central nervous system; VT = ventricular tachycardia. 


[NS]). Reactions requiring discontinuation from the 
protocol occurred in 18 of 67 patients (27%) receiving 


tocainide and 16 of 66 (24%) receiving quinidine (NS). . 
Table III is a list of reasons for withdrawal in the 2 


treatment groups. There were significant differences 
between the treatment groups in the prevalence of 
dizziness and diarrhea (Fig. 3). 

Proarrhythmia electrocardiogram and other 
laboratory parameters: Two patients died, one in each 


group, on the 21st day of therapy. Neither death was © 


considered to be related to the active drug by the 


treating investigator. In this trial, no patient had greater _ 


than a 3-fold increase in VPC frequency during active 
therapy compared with control and no patient had 
sustained ventricular tachycardia during active drug 
treatment. 

PR and QRS intervals did not change significantly 
during active drug treatment compared to baseline in 


either the tocainide or quinidine group. There wasa - 
significant increase in the QT interval during therapy _ 


with quinidine (a mean increase of 0.03 second) com- 


PERCENT OF PATIENTS 





DIARRHEA 


DIZZINESS 


FIGURE 3. The percent of patients experiencing the adverse reactions 
of either dizziness or diarrhea with tocainide (solid bars) and quinidine 
(open bars) treatment (n = 133). 
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~ pared with the QT interval in patients receiving to- 
— cainide, which either did not change or decreased 0.01 
— Second at week 6 on therapy (p «0.01). 
= No clinically significant changes occurred in vital 
` signs or laboratory tests nor were there any signifi- 
- cant changes on comparing the chest radiographic 
= and ophthalmologic evaluations before and after 
| treatment. 
^. Left ventricular function: In the Denver center, 13 
= patients (7 receiving tocainide and 6 receiving quini- 
E dine) were studied by radionuclide angiography. After 
_ 6 weeks of treatment the mean left ventricular ejection 
-— fraction decreased slightly, by 26% from the initial 
__ placebo baseline mean of 35.6% (p «0.05). The mean 
_ ejection fraction returned toward the initial baseline 
Evalue after the 4-week posttreatment placebo period, 
_ but remained lower than baseline (mean 34.0%). No 
_ significant difference was detected between the 2 pla- 
.. €ebo periods. The mean left ventricular ejection fraction 
~ in the quinidine-treated group decreased slightly, by 
-. 0.12%, from an initial baseline mean of 38.5%. At the end 
of the posttreatment placebo treatment the ejection 
- fraction decreased further, to a mean of 36.0%, which 
— was significantly lower than that during the initial 
— baseline period (p «0.01). No significant differences 
. were detected between treatment groups during the 
~ placebo and active drug periods. There was no signifi- 
— cant reduction in clinical hemodynamic stability in any 
. of the patients evaluated. 


| Discussion 


This double-blind, parallel, 3-center study compared 
_ the efficacy and safety of oral tocainide, 600 mg every 
_ 12 hours, with quinidine sulfate, 300 mg every 6 hours, 
_ in patients with benign and potentially lethal ventric- 
. ular arrhythmias. The results indicate that these 2 
S E 
. agents at the doses used are comparable in terms of 
- safety, although quinidine is slightly more effective than 
.. tocainide. 
—... Quinidine was chosen as the comparison agent be- 
cause it is one of the most commonly used antiar- 
_ rhythmic agents available in the United States and 
_ frequently serves as a standard comparative agent.9-1? 
. In this study, 38 to 50% of patients responded at the 75% 
E level of VPC reduction, depending on the criteria used 
_ for patient inclusion for analysis. A range of 50 to 75% 
_ of patients responding to quinidine therapy has been 
- shown in other studies?-!! using doses of quinidine 
E sulfate up to 400 mg every 6 hours. Twenty-two to 3796 
— of patients receiving tocainide achieved a 75% VPC re- 
. duction. A total of 10 short-term placebo controlled 
- tocainide trials in 99 patients have been performed 
. using tocainide, with doses of 200 to 800 mg every 8 
hours to 400 to 1,000 mg every 12 hours. Approximately 
51% of patients have shown a more than 75% suppres- 
sion in VPC frequency.? Tocainide has also been shown 
to be effective in the suppression of ventricular ectopy 
in postinfarction patients and during long-term treat- 
ment.!-14 Three trials have been reported that com- 
. pared the effectiveness of tocainide to that of procain- 
. amide, with no significant differences being 
| . demonstrated in effectiveness or safety. Each of these 
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3 studies has methodologic limitations.!5-!? A limitation 
of the efficacy data in this study is that multiple doses 
of quinidine and tocainide were not compared, thus 
eliminating the evaluation of a true dose-response 
comparison of these 2 agents. However, the doses of 
tocainide and of quinidine were considered to be the 
usual effective clinical dose in which side effects are mild 
or minimized. 

Approximately one-fourth of the patients receiving 
both tocainide and quinidine discontinued treatment 
because of adverse reactions. The most frequent reason 
for discontinuation in the tocainide group was related 
to its central nervous system effects in which ataxia, 
tremor and dizziness were primarily manifested. Con- 
versely, the gastrointestinal side effects predominated 
in patients receiving quinidine and diarrhea but also 
nausea, vomiting and anorexia were often seen. These 
percentages of side effects are quite similar to those 
reported in other studies.?.10.16.18 

As could be predicted from the electrophysiologic 
effects, quinidine caused a prolongation of the QT in- 
terval by lengthening the J'T segment, whereas tocainide 
had either no effect or caused a slight reduction. No 
significant changes were seen in the PR or QRS intervals 
in this study. No patient had a proarrhythmic response. 
The lack of QT interval prolongation by tocainide may 
imply that the potential for induction of a serious ven- 
tricular proarrhythmic event may be less common with 
tocainide than with other classes of antiarrhythmic 
agents.!? 

No significant changes in vital signs, laboratory 
variables or important hemodynamic changes were in- 
duced by either quinidine or tocainide. No patient had 
symptoms of congestive heart failure with either 
drug. 

Tocainide to lidocaine are similar in their electro- 
physiologic and hemodynamic effects. Often, one can 
predict the response to tocainide by the response to 
lidocaine. Also important is the fact that tocainide has 
no important interactions with 6 blockers, digoxin or 
coumadin.® Thus, this study has also shown that the 
efficacy and safety of tocainide compare favorably to 
quinidine, and tocainide is only slightly less effective. 
Tocainide’s advantages of not prolonging the QT in- 
terval, of having no important negative inotropic or 
proarrhythmic effects, and of being useful even with a 
twice-daily dosage schedule, which promotes compli- 
ance suggest, that tocainide will be a useful addition to 
the antiarrhythmic armamentarium. 
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Incidence of Proarrhythmic Effects from Quinidine 
in the Outpatient Treatment of Benign or Potentially 
Lethal Ventricular Arrhythmias 


JOEL MORGANROTH, MD, and LEONARD N. HOROWITZ, MD 


To determine the prevalence and importance of 
proarrhythmic events secondary to the initiation of 
quinidine therapy in outpatients with benign or po- 
tentially lethal ventricular arrhythmias, the data from 
360 patients treated with quinidine as part of 3 
outpatient drug trials were retrospectively reviewed. 
These patients had at least 30 ventricular premature 
complexes per hour during placebo treatment and 
had no evidence of unstable clinical states, hypo- 
kalemia, digitalis toxicity, atrial fibrillation or a 
prolonged QT interval (longer than 0.50 second). The 
quinidine dose varied from 200 to 400 mg 4 times a 
day for 2 to 4 weeks. Proarrhythmic effect was de- 
fined on Holter monitoring as a 400% increase in 


Although antiarrhythmic drugs have been used for 
several decades, only recently has their full potential to 
aggravate or induce ventricular arrhythmias (the so- 
called proarrhythmic effect) been appreciated.!? 
However, the prevalence of proarrhythmic events re- 
sulting from antiarrhythmic drug treatment is different 
in patients with benign and potentially lethal ventric- 
ular arrhythmias!* from those with lethal ventricular 
arrhythmias. Benign ventricular arrhythmias are those 
that occur in patients with no structural heart disease, 
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frequency of ventricular premature complexes, the 
presence of new ventricular tachycardia not previ- 
ously identified or a 10-fold increase in the number 
of beats of ventricular tachycardia. There was no 
difference in the demography, response to quinidine 
therapy or side effects on quinidine among the 3 
trials. Six of 360 patients (296) had a proarrhythmic 
response and none of these patients had hemody- 
namic symptoms, required hospitalization or died 


from the proarrhythmic event. Thus, quinidine can — 


be safely initiated to outpatients who meet the in- 
clusion criteria cited herein. 


(Am J Cardiol 1985;,56:585-587) 


do not produce hemodynamic consequences, and have 
a very low risk of associated sudden cardiac death. Le- 
thal ventricular arrhythmias cause immediate hemo- 
dynamic consequences (such as syncope and symp- 
tomatic hypotension) and are associated with the 
highest rate of sudden cardiac death. Patients with le- 
thal ventricular arrhythmias usually have markedly 
depressed left ventricular function and severe structural 
heart disease. Patients with potentially lethal ventric- 
ular arrhythmias have structural heart disease or 
compromised left ventricular function such that the 
presence of ventricular arrhythmias is associated with 
an increased risk of sudden death. These arrhythmias, 
however, do not cause hemodynamic symptoms and the 
„only indication for their treatment is the hope that their 
suppression will prevent sudden cardiac death. Anti- 
arrhythmic treatment of patients with lethal ventricular 

















. TABLE! Demographic Characteristics of the Three Trials 
A B C 
Pts receiving quinidine 139 154 67 
Mean age (yr) 58 60 59 
Men 69 96 71% 69% 
. CAD 52% 51% 47% 
VPCs/24 hours 429 + 423 451 +466 4174 413 
. . et baseline 
(Mean + SD) 


CAD = coronary artery disease; SD = standard deviation; VPC = 
ventricular premature complexes. 


. arrhythmias is properly initiated in hospital using 


monitoring facilities and careful drug dosing. Although 
there is increasing concern regarding proarrhythmic 
effects, the actual frequency of these events during 
outpatient initiation of antiarrhythmic therapy is un- 
certain. Therefore, many physicians have also resorted 
to hospitalizing patients with benign or potentially le- 


_ thal arrhythmias before initiating drug therapy to 


control ventricular arrhythmias. Because of the impact 
of new prospective reimbursement schedules and the 
high cost associated with continuous electrocardio- 


graphic (ECG) monitoring in hospital, we retrospec- 


tively reviewed 3 large antiarrhythmic drug trials to 
determine the prevalence and importance of proar- 
rhythmic events secondary to the initiation of quinidine 
in outpatients with benign or potentially lethal ven- 
tricular arrhythmias. 


Methods 


The data from 3 clinical drug trials in which patient entry 
criteria were identical (patients had to have either benign or 
potentially lethal ventricular arrhythmias without a history 
of lethal ventricular arrhythmias) were pooled. All patients 
had a minimum average of 30 ventricular premature com- 
plexes (VPCs) per hour on at least two 24-hour Holter moni- 


tors during placebo treatment at least 1 week after discon- 


- 


tinuation of all prior antiarrhythmic agents. In all 3 trials 
patients were excluded if they had evidence of prior allergy 
or severe side effects to quinidine, or had hypokalemia, digi- 


p^ talis toxicity, atrial fibrillation, or second- or third-degree 
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atrioventricular block. No patient had a myocardial infarction 
within 6 weeks of entry or uncontrolled noncardiac disease or 
uncompensated congestive heart failure (New York Heart 
Association class III or IV). Patients with a QT interval that 
was longer than 0.50 second were also excluded. 
Ambulatory electrocardiographic monitoring in all 3 trials 
was analyzed by the same independent research analysis 
service (Cardio Data, Inc., United Medical Corp., Haddon- 
field, NJ). All patients had at least 1 Holter recording at least 


. 18 hours in duration while receiving quinidine. 


One trial was a 16-center, parallel, double-blind, placebo- 
controlled trial of flecainide acetate vs quinidine sulfate in 342 
outpatients.^ In this trial, 139 patients were placed on quini- 
dine therapy after 1 week of placebo treatment. Two 24-hour 
Holter recordings established entry criteria. Quinidine was 
then prescribed initially at a dose of 300 mg 4 times daily for 
2 weeks followed by 400 mg 4 times daily if an 8096 reduction 
in VPC frequency was not seen during treatment with the 
lower dose. 

The second trial was a 9-center, crossover, double-blind, 
placebo-controlled trial of encainide hydrochloride vs quini- 
dine sulfate in 187 patients. One hundred fifty-four patients * 
received quinidine. (Some patients were discontinued after 
initial randomization to encainide before quinidine therapy.) 








TABLE Il Efficacy and Safety of Quinidine in the Three 
Trials 
A B C 

Pts responding 

VPCs 55% 67% 53% 

VT 66% 78% 41% 
Side effects 

Any 65% 74% 41% 

% D/C 15% 25% 27% 


D/C = discontinued from study because of side effects; VPCs = 
ventricular premature complexes; VT = ventricular tachycardia. 


After 1 week of placebo and two 24-hour Holter recordings, 
patients initially received 200 and then 400 mg of quinidine 
sulfate 4 times daily each for 1 week. The larger dose was used 
only if at least a 75% reduction in VPC frequency was not seen 
on the lower dose. 

The third study was a 1-center, parallel, single-blind, con- 
trolled trial comparing 4 types of quinidine in 67 patients. 
After 1 week of washout during placebo therapy and two 
24-hour Holter recordings to establish entry criteria, patients 
were randomized in a parallel fashion to 4 types of quinidine, 
each for 3 weeks, with three 24-hour Holter recordings ob- 
tained during this time. Quinidine sulfate, using either 1,200 
mg of Quinora® (Eli Lilly) or the extended preparations Qui- 
nidex® (AH Robins) or Quiniday® (AH Robins) were pre- 
scribed or quinidine gluconate (Quinaglute Dura Tabs®, 
Berlex Laboratories) at a dose of 1,296 mg/day. 

The definition of proarrhythmic effect (on Holter moni- 
toring) used in this trial was adopted from that of Velebit et 
al, who required at least a 400% increase in VPC frequency 
with quinidine treatment compared to baseline; the presence 
of new ventricular tachycardia (VT) not previously identified 
or a 10-fold increase in the number of beats of VT during 
quinidine treatment compared to the baseline. 


Results 


The demographic information comparing all 3 clinical 
trials indicate that there were no statistically significant 
differences in the age, gender, proportion with coronary 
artery disease, or ventricular arrhythmia frequency at 
baseline (Table I). 

The percent of patients responding with at least 7596 
reduction in VPC frequency compared with control in 
these trials as well as a 7596 reduction in beats of VT are 
shown in Table II. Again, there was no statistically 
significant difference between the 3 trials in the efficacy 
of quinidine to control VPCs or V'T. Table II also details 
the prevalence of side effects reported during the trial 
and the percent of patients requiring premature dis- 
continuation during the trial because of an adverse ef- 
fect to quinidine. Again, no statistically significant 
differences were seen between the 3 trials. 

The proarrhythmic responses in these 3 trials based 
on the criteria noted above are described in Table III. 
The prevalence of a proarrhythmic effect observed was 
2%; no patient had hemodynamic symptoms, required 
hospitalization or died from a proarrhythmic event. 
Three patients in the flecainide-quinidine trial died, 
but all 3 deaths were documented to be the result of 
acute myocardial infarction. Four patients in the en- 
cainide-quinidine trial had QT intervals longer than 
0.55 second during quinidine treatment, but no patient 
was observed to have this effect in the other 2 trials. 
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Discussion 


The occurrence of a proarrhythmic effect induced by 
antiarrhythmic therapy is particularly important in 
patients with benign or potentially lethal ventricular 
arrhythmias, because reduction of VPCs in these pa- 


tients has not been determined to result in prevention 


of sudden death. If antiarrhythmic agents are used in 
these patients special cautions are necessary to be cer- 
tain of their safety and efficacy. A follow-up Holter re- 
cording is mandatory after initiating antiarrhythmic 
therapy to be certain that the proarrhythmic effect is 
absent and that the agent is effective.l? 

In this report we evaluated the safety of initiating 
quinidine to outpatients as antiarrhythmic treatment. 
The data clearly document that in patients with benign 
or potentially lethal ventricular arrhythmias in a stable 
clinical state and without hypokalemia or atrial fibril- 
lation, quinidine therapy is safe to initiate in the out- 
patient setting, because the rate of a proarrhythmic 
effect was only 2% and no patient had a serious hemo- 
dynamic adverse reaction or sudden death or required 
hospitalization. Quinidine was chosen as the reference 
agent because it is the most commonly used antiar- 
rhythmic agent in the United States.* 

The 3 trials reviewed were comparable even though 
they were performed at different times. All 3 used the 
same central laboratories for data analysis, similar 
dosing schedules and duration of therapy, and they were 
comparable in demographic and clinical factors between 
the patient groups. In addition, the efficacy and side 
effect rates in these trials during quinidine therapy were 
comparable. Therefore, the ability to examine these 3 
study groups as a homogeneous population to define the 
prevalence of proarrhythmia appears to be valid. The 
results of these trials and the safety of outpatient ini- 
tiation of quinidine are relevant to patients only with 
benign or potentially lethal ventricular arrhythmias and 
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TABLE Ill Proarrhythmic Response in the Three Trials 

A B C 

(n = 139) (n — 154) (n = 67) 

VPC 400% inc. 2 2 0 
New VT 0 0 0 
VT 1,000 % inc. 0 0 2 
QT >0.55 0 4 0 
Deaths 3 (All MI) 0 0 


Proarrhythmic effect = 6/360 (2%) 


Inc. = 
premature complexes; VT = ventricular tachycardia. 


without hypokalemia, digitalis toxicity and atrial fi- 
brillation. Patients with more severe left ventricular 


increase; MI = myocardial infarction; VPC = ventricular 


UN ww 


dysfunction, especially if associated with these abnor- — 


malities, and patients with lethal ventricular arrhyth- 


mias were not studied herein, and these patients have © 
had a higher prevalence and severity of proarrhythmic  _ 
effects than the patients reported in this study.! Until — 
the proarrhythmic prevalence and severity are deter- 
mined in such patients, they should have quinidine ~ 


initiated in hospital under ECG monitoring. 
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Ambulatory Electrocardiographic Recordings 
at the Time of Fatal Cardiac Arrest 


PETER G. MILNER, MB, ChB, EDWARD V. PLATIA, MD, PHILIP R. REID, MD, 
and LAWRENCE S.C. GRIFFITH, MD 





The relation between arrhythmias at cardiac arrest 
and the outcome of arrest is poorly understood. The 
Holter monitor tracings of 13 patients were reviewed 
after they sustained an in-hospital cardiac arrest 
during ambulatory electrocardiographic monitoring. 
All had a prior cardiac arrest or cardiac syncope. 


— Twelve patients had ventricular tachycardia (VT) 


as their initial arrest arrhythmia and 1 patient had 
bradycardia followed by ventricular fibrillation (VF). 
VT degenerated to VF in 10 of 12 patients after a 
mean interval of 96 + 31 seconds (+ standard error 
of the mean). The number of VT runs increased 
significantly during the hour immediately preceding 


arrest (p = 0.004). Despite prompt resuscitation 
efforts in 12 patients, only 6 survived. The 6 survivors 
and 6 nonsurvivors were not different with regard to 
age, ejection fraction, extent of coronary artery 
narrowing and time to first defibrillation. However, 
degeneration to VF within 30 seconds of arrest (5 
of 6 nonsurvivors and 1 of 6 survivors, p = 0.04) and 
a slower rate of VT at the onset of arrest (166 
beats/min in nonsurvivors and 227 beats/min in 
survivors, p — 0.02) were associated with unsuc- 
cessful resuscitation. 


(Am J Cardiol 1985;56:588-592) 


——————————————————————————————————————————————————————————— 


Despite the high prevalence of sudden cardiac death, 
few patients have had a cardiac arrest while wearing an 
ambulatory electrocardiographic (Holter) recorder such 
that the initiating cardiac arrhythmia and the period 
immediately before this arrhythmia can be accurately 
described. The Cardiac Arrhythmia Clinic at The Johns 
Hopkins Hospital serves as a referral center for the 
evaluation and treatment of ventricular tachycardia 
(V'T) and ventricular fibrillation (VF). During the past 
3 years, 13 patients have had an in-hospital cardiac ar- 
rest while wearing a Holter recorder. All patients were 
ambulatory on an inpatient ward and had not suffered 
a recent myocardial infarction. When we reviewed these 
continuous electrocardiographic (ECG) tracings, we 
wanted to find answers to 3 questions. First, is there an 
increase in the number of runs of VT in the hours before 
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a cardiac arrest? Second, is VT rather than VF the ini- 
tial arrhythmia at the time of cardiovascular collapse? 
Third, are there clinical, angiographic or arrest 
arrhythmia findings that correlate with successful 
resuscitation? 


Methods 


Patient selection: All patients in this retrospective study 
met 4 entry criteria: (1) each had a history of prior cardiac 
arrest or syncope and were admitted to hospital for evaluation 
and treatment; (2) all had an ambulatory ECG recorder in 
place during cardiac arrest and cardiopulmonary resuscitation 
and defibrillation were performed on all patients; (3) no pa- 
tient had sustained an acute myocardial infarction during the 
10 days before the cardiac arrest; and (4) there was no evidence 
of any new myocardial injury that might be responsible for the 
cardiac arrest. Except for 1 patient, all were undergoing tel- 
emetric monitoring such that the arrest was immediately 
recognized and resuscitation promptly started. 

Ten of 13 patients underwent coronary arteriography (9 
patients) or postmortem examination (1 patient), which al- 
lowed definition of the underlying structural heart disease. 
For patients with coronary heart disease, the extent of disease 
was assessed by the number of coronary arteries or major 
branches narrowed at least 70% in diameter. Left ventricular 
ejection fraction was determined in each patient by contrast 
angiography or gated cardiac blood pool scan. 

Ambulatory electrocardiographic analysis: Delmar 
445B 2-channel ambulatory ECG recorders (Delmar Avionics) 


> 





. were used. Tapes were scanned by a Trendsetter electrocar- 
dioscanner analysis system. Quantitative counts of VT runs 
and the arrest sequence were checked by visual inspection of 
the tracings. 

VT was present when at least 3 ventricular ectopic com- 

3» plexes occurred at a rate of at least 120 beats/min. VF was 
present when the ventricular wave pattern became disorga- 
nized and grossly irregular (Fig. 1 and 2). R-on-T phenomenon 
was defined as an ectopic ventricular complex with a prema- 
turity index (R-R’/QT) of 1 or less. 

The ambulatory ECG recording was separated into 4 peri- 
ods for analysis: (1) the arrest sequence, (2) the hour imme- 
diately preceding arrest, (3) the 6-hour interval from 7 hours 
to 1 hour before the arrest, and (4) any recording more than 
7 hours before the arrest. The arrest sequence was examined 
to determine how often an R-on-T ventricular premature beat 
was the initiating beat of the arrest arrhythmia, the nature of 
the initial arrhythmia at the beginning of the arrest, the rate 
and duration of the initial arrhythmia, whether it changed to 
another arrhythmia and the elapsed time from initial arrest 
arrhythmia to the first defibrillation. Finally, we noted 
whether sinus rhythm was reestablished and if the patient 
survived resuscitation. 

In analyzing the time before arrest, the number of runs of 
VT during each of the 3 periods before the arrest was deter- 
mined. The heart rate of the last 3 beats immediately before 
the arrest was calculated. A corrected QT interval for the 

» complexes immediately before arrest was calculated for each 
patient using the Bazzett equation!?: QTc = QT/4/ R-R'. 
For this study, a corrected QT interval longer than 0.42 second 
for men and longer than 0.43 for women was considered 
prolonged. 

Statistical methods: Continuous data are reported as mean 
values + standard error of the mean. Differences between the 
means of independent observations were assessed by an un- 
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FIGURE 1. Cardiac arrest arrhythmia as recorded by a Holter monitor. 
i Onset ventricular tachycardia (VT), conversion VT to ventricular fi- 
E brillation (VF) and first defibrillation for patients CF (A) and FK (B). 
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UC Student t test. Analysis of survival after arrest was by — 
Fisher's exact test. Analysis of the increase in VT in the hours — — 
before arrest was by a nonparametric t test. Significance was — — 
established at a value «0.05. E 


Results 


Clinical findings: The mean age of the patient group b. 
was 55 + 4 years (range 22 to 83). Before admission to | 
the hospital, 8 patients had a history of cardiac arrest — ^N 
and 5 patients had a syncopal episode considered sec- _ M 
ondary to a ventricular tachyarrhythmia. Ten ofthe 13 | 
patients had had congestive heart failure that had been ” «s 
successfully treated by medications. Two of the 13 pa- E^ 
tients had a prior unmonitored in-hospital arrest. Ten — A 
patients had coronary artery disease and all 10 had b. 2 
survived at least 1 acute myocardial infarction. At cor- - E 
onary arteriography, 2 patients had 1-vessel corónatys A ho 
disease, 1 patient had 2-vessel disease and 4 patients - i 
had 3-vessel disease. Two patients had idiopathic di- ^ | 
lated cardiomyopathy. One patient had no recognizable LT 
structural heart disease. Three patients with prior in- 
farction did not undergo arteriography but were pre- | oe 
sumed to have coronary disease. The mean ejection — 
fraction for the entire group was 23 + 5% (range 7 
to 67%). E 
The antiarrhythmic medications being used at the 
time of the recorded cardiac arrest were: procainamide . | 
(2 patients), procainamide and lidocaine (1 patient), 
aprindine (2 patients), flecainide (4 patients) and ami- 3 1 
odarone (1 patient); 3 patients were not receiving anti- — s 
arrhythmic medication. All medication was started after — 
admission to hospital. No patient was receiving vaso- ^ | 
pressors or other medications that could have enhanced — 
the appearance of a cardiac arrhythmia. Seven patients — ^. 
were taking digitalis, but none had serum levels above — - E 
the therapeutic range. Serum potassium levels were — | 
normal in all patients. No patient complained of chest X 
pain before arrest and none of the survivors of the arrest — — 2 
had ECG or cardiac enzyme evidence of myocardial | as: 
injury. 5 
Arrhythmia at time of cardiac arrest: VT was the a 
initial arrhythmia at time of cardiac arrest in 12 pa- — 
tients. One patient had bradycardia followed by im- — 
mediate VF. Examples of the arrhythmias are shown in - T 
Figures 1 and 2. No patient had ventricular asystole as E 4 
the initial arrest arrhythmia. The initial VT rate was 2083. 
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FIGURE 2. erem arrest beacuse as recorded By a Holter monitor. — . 
Onset of ventricular fibrillation (VF) at the instant of cardiac arrest for Io. 
patient JS. 
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TABLE! Electrocardiographic Findings at Cardiac Arrest 


VT Runs/Hour Before Arrest 





Heart Rate (beats/min) Before Arrest 





Period 1 Period 2 Period 3 Last 3 Initial VT Max VT 

Pt (^7 hr) (7 — 1 hr) (1 — 0 hr) Period 3 Beats Rate Rate 
WC 1 1 4 125 120 240 240 
JJ 0.2 0 35 61 70 120 120 
FK 0.5 0 16 76 80 180 180 
BD 0 0 0 100 70 250 280 
JP 0 0 1 89 120 180 240 
JW 0.3 0.3 1 77 120 207 240 
CF 1 25 147 63 50 210 270 
FS 79 3 66 110 110 120 120 
MR 0 2 31 68 100 200 200 
JS NR 0 0 110 36 VF VF 
ST NR 0.3 4 68 120 280 300 
JH NR 0.2 2 90 60 240 330 
RE NR NR 8 60 40 210 240 





All values are mean values. 


NR = no recording; VF = ventricular fibrillation; VT = ventricular tachycardia. 


+ 15 beats/min (range 120 to 280). The maximal VT 
rate was 232 + 20 beats/min (range 120 to 330) (differ- 
ence not significant) (Table I). VT degenerated to VF 
in 10 of the 12 patients when the initial arrhythmia was 
VT. The mean duration of VT before degeneration to 
a grossly disorganized rhythm considered to be VF for 
these 10 patients was 96 + 31 seconds (range 5 to 300) 
(Fig. 3). Two patients had VT throughout the arrest. In 
no instance did VF spontaneously convert to VT. 
Electrocardiographic recording before arrest: 
The number of VT runs per hour in the 3 periods before 
cardiac arrest is shown in Table I. Two patients had no 
VT before their arrest. Ten of 11 patients with VT be- 
fore arrest had more VT runs in the hour immediately 
preceding the arrest (p = 0.004). For this analysis, pe- 


. riods 1 and 2 were compared with period 3. No patient 


had a decrease in the number of VT runs in the hour 
before arrest. 

Ten of 13 patients had R-on- T phenomenon during 
the hours before arrest, but only 2 patients had it as the 
initiating beat of the arrest arrhythmia. Seven patients 


. had a prolonged QTc interval. Of these patients, 2 were 
. receiving flecainide (QTc = 0.43 and 0.46), 2 were re- 


ceiving aprindine (QTc = 0.54 and 0.67), 1 patient was 
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FIGURE 3. Conversion of ventricular tachycardia (VT) to ventricular 
fibrillation (VF) during cardiac arrest. Interval between onset of arrest 


_ VT and conversion of VT to VF is shown for each patient (JS excluded). 
.. SEM = standard error of the mean. 


receiving procainamide (QTc = 0.56) and 2 were re- 
ceiving no antiarrhythmic medications (QTc = 0.56 and 
0.53). 

Outcome after cardiac arrest: Analysis of outcome 
after cardiac arrest was limited to the 12 patients 
undergoing telemetric monitoring who received prompt 
resuscitation. Six of these 12 patients survived and 6 did 
not. Several factors were examined to determine 
whether any clinical, anatomic or electrocardiographic 
findings were associated with a successful resuscitation 
(Table II). Survivors and nonsurvivors were examined 
with respect to the conduct of the resuscitation. There 
was no apparent difference in the drugs given, the 
presence of a palpable pulse, effectiveness of sternal 
compression, attempt at right ventricular overdrive 
pacing or endotracheal intubation. There was no dif- 
ference in the interval from cardiovascular collapse to 
the first attempted defibrillation (Table II). Although 
survivors had a better ejection fraction (29%) than 
nonsurvivors (17%), the difference was not significant. 
There was no difference in the extent of coronary 
disease. 

One difference between survivors and nonsurvivors 
was the duration of VT during the arrest before it de- 
generated to VF. In 5 of 6 nonsurvivors, VT deteriorated 
to VF in less than 30 seconds or VF was the initial arrest 
arrhythmia. In 5 of 6 survivors, progression of VT to VF 
was either delayed by more than 30 seconds or VT 
persisted and was the only arrhythmia during the arrest. 
This difference in the duration of VT between survivors 
and nonsurvivors was significant (p = 0.04) (Table II). 
A second and surprising difference was the initial rate 
of VT. Nonsurvivors had a slower initial rate of VT than 
survivors (Table II). The patient with immediate 
bradycardia and VF was not included in this analysis. 


Discussion 


Most information concerning arrhythmias during 
cardiac arrest is based on either studies of infarct pa- 
tients monitored in a coronary care unit? or the first 


rhythm recorded by a life-support team at an out-of- 


hospital arrest.^-? Such studies are primarily biased 
toward periinfarctional arrhythmias and the findings 
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‘TABLE II Factors Influencing Resuscitation After Cardiac Arrest b. : 
| Initial Timeto — 

Multivessel VT Rate VT — VF tst Defib | 

Pt Age (yr) Disease (70%) EF (%) QTc (sec) Digoxin (beats/min) in <30 sec (sec) | 

Bes 

Survivors 4 a 

wc 62 + 38 0.29 0 240 0 60 E 

RE 22 0 16 0.36 Y 210 0 480 T 

BD 57 0 15 0.39 + 250 t+ 210 roe 

JW 37 0 67 0.56 0 207 0 280 a 

JP 61 + 29 0.56 + 180 0 260 4 p 

ST 51 0 13 0.53 E 280 0 270 ES. 
Mean + SEM 48 16 2/6 29 d 3 0.44 + 0.04 4/6 227 + 14 1/6 260 + 22 CD 
Nonsurvivors j Ai 

JJ 54 + 15 0.43 + 120 + 240 E^. 

FK 63 T 13 0.46 t 180 E 460 CAR 

JS 56 m. 19 0.41 0 VF $ 180 35 

CF 68 = 14 0.54 0 210 0 310 EN 

FS 67 * 38 0.67 0 120 - 60 PEN 

MR 36 0 7 0.37 T 200 az 240 = 
Mean + SEM 57 £5 3/4 T2 0.48 + 0.04 3/6 166 + 19 5/6 248 + 20 "m 
p value NS NS 0.08, NS NS NS 0.02 0.04 NS 3 


EF = ejection fraction; NS = not significant; SEM = standard error of the mean; VF = ventricular fibrillation; VT = ventricular tachycardia. 


may not be representative of patients with recurrent 
sudden death and no infarction. 

Arrhythmias at time of cardiac arrest: VT ini- 
tiated the arrest sequence in 12 of 13 patients (92%) and 
then degenerated to VF in 10 (83%) of these 12. This 
appears to be the most common sequence of arrhyth- 
mias during cardiac arrest. Sixty-three cases of cardiac 
arrest occurring during 24-hour ambulatory ECG re- 
cording have been reported previously ?-!9: in 47 (74%) 
VT was the initial arrest arrhythmia and in 9 (14%) it 
was VF, 6 patients (9%) had profound bradycardia and 
1 patient (2%) had asystole. Of the 47 patients with VT, 
in 37 (78%) the rhythm degenerated to VF. 

Three reasons may explain the discrepancy between 
the high prevalence of VT as the initial arrest arrhyth- 
mia in our series and the findings of others that VF was 
the first recorded arrhythmia at out-of-hospital ar- 
rests.^-9 First, there is an inherent delay between car- 
diovascular collapse outside hospital and arrival of a 
life-support team when an ECG rhythm strip can be 
recorded. In our study VT rapidly deteriorated to VF 
(mean 96 seconds). Thus, many patients with out-of- 
hospital arrest found in VF probably had VT as their 
first arrhythmia. Second, VF is the most common initial 
arrhythmia at the time of cardiac arrest during acute 
myocardial infarction.*:!! Approximately 50% of out- 
of-hospital cardiac arrest patients are subsequently 
found to have new myocardial injury.*!?.? No patient 
in our report had chest pain before their arrest and none 
of the 6 survivors had ECG or cardiac enzyme changes 
to suggest new myocardial injury at the time of arrest. 
Third, the antiarrhythmic therapy that 10 of our 13 
patients were receiving may be responsible for a higher 
proportion of patients having VT instead of VF as the 
initial arrest arrhythmia. 

Increasing ventricular tachycardia during the 
hour before arrest: We confirm the findings of others 
that a significant increase in the frequency of VT runs 
occurs in the hours preceding a cardiac arrest. Pratt et 
al’ (15 patients reported) and Lewis et al? (12 patients 


. suscitation efforts were not more successful in our pa- 
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reported) both noted a significant increase in the fre- 
quency of VT runs in the 3 hours before arrest. Never- 
theless, it should be noted that 11 of 40 patients (2796) : 
in these 3 studies had no VT during the 3 monitored 
hours before arrest. Any arrhythmia detection device 
designed to warn against an impending arrest would not 
have identified these patients by an increase in the 
number of VT runs. Also, it is not known how often a : 
substantial increase in VT runs occurs but is not fol- k 
lowed by cardiac arrest. P 
Failure to resuscitate: We are concerned why re- 


tient series despite prompt assistance and defibrillation. 
No previous study has examined whether clinical, an- . 
giographic and electrocardiographic variables are as- — — 
sociated with successful resuscitation of patients who — 
have had a cardiac arrest. Weaver et al!4 reported the 
follow-up of 64 patients who had coronary angiography 
soon after resuscitation from out-of-hospital arrest. . 
They found that the ejection fraction of 14 patients who — 
later died suddenly or had another episode of VF was _ 
significantly lower than that of those who had no further — — 
arrhythmic event (39% vs 51%). We did not find a cor- — . 
relation between left ventricular dysfunction and suc- 
cessful resuscitation, nor did we find a higher proportion 
of patients with multivessel disease among nonsurvi- 
vors. The duration of VT was different between survi- 
vors and nonsurvivors. Progression from V'T to VF in 
less than 30 seconds was associated with an unsuccessful | 
resuscitation effort. Conversely, if VT persisted or there | 
was a delay of more than 30 seconds before VT degen- 
erated to VF, patients had a greater chance of successful | 
resuscitation. Rapid degeneration to VF may reflecta — 
greater degree of electrical disorganization that is more 
difficult to correct. | 
Clinical significance: Because these patients had 
been referred to our hospital after a prior out-of-hos- 
pital cardiac arrest or syncope, our presumption is that 
the in-hospital arrhythmic findings would be similar to 
those found at the time of an out-of-hospital cardiac 








"892 TOCAINIDE VERSUS QUINIDINE IN VENTRI 


arrest if ambulatory ECG recordings had been available. 
Because VT and VF are the 2 arrhythmias most often 
found at the time of a cardiac arrest, recognition of both 
arrhythmias is necessary for any detection or defibril- 
lation device. An implantable device that recognizes 
both arrhythmias has been successfully used.!? Pace- 
maker capability appears less important because pro- 
found bradycardia or asystole as the probable mecha- 
nism of cardiac arrest occurs in less than 10% of 
patients. 


Acknowledgment: We gratefully acknowledge the am- 
bulatory ECG assistance of Joseph Wassil and Donald Liggins, 
the secreterial help of Nancy Grap and the editorial review by 
Dr. Myron Weisfeldt in the preparation of this manuscript. 
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A Radiation Protective Shield 


T Interventional Radiology 


“Provides protection from patient scatter during 
lengthy fluoroscopic procedures without interfering 
with the performance of the examination” 
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ENDOWED CHAIR IN CARDIOLOGY: 


The Department of Medicine of the University of Florida 
College of Medicine is seeking application for an endowed 
Chair in Cardiology. The endowed Chair, with assets in ex- 
cess of one million dollars, was established by the State of 
Florida's Eminent Scholars Program and was made possi- 
ble by generous contributions from the Palm Beach-Martin 
County Heart Association. The individual who will fill the 
Chair will have a full-time faculty appointment (Professor) 
in the Division of Cardiology of the Department of Medicine 
of the University of Florida College of Medicine. The ap- 
pointee should have an M.D. degree and a major commit- 
ment to and substantial skills in teaching in clinical cardi- 
ology. Salary is negotiable. Anticipated starting date is July 
1, 1986. Interested individuals should write by February 28, 
1986: James E. McGuigan, M.D., Chairman, Search Com- 
mittee, Chair in Cardiology, Department of Medicine, Box 
J-277, University of Florida Health Center, Gainesville, FL 
32610. The University of Florida is an Equal Opportunity/ 
Affirmative Action Employer. 





















CARDIOLOGIST NEEDED: Board certified/eligible cardiologists 

with invasive and noninvasive training needed in multispecialty HMO 

expanding into Stockton and South Sacramento. University of Cali- 

fornia, Davis affiliation. Must have California license. Send curricu- 

lum vitae to Robert Midgley, Jr., M.D., The Permanente Medical 

Group, Inc., 6600 Bruceville Road, Sacramento, California 95825. 
An Equal Opportunity Employer. 





CARDIOLOGIST —Progressive, university affiliated New England commu- 
nity hospital seeking state-of-the-art trained interventional cardiologist to 
develop angioplasty program, direct cardiac cath lab and be Assistant Chief 
of Cardiology. Outstanding opportunity to direct, teach, practice and do 
clinical research in rewarding environment. Reply with C.V. to Box 450, 
The American Journal of Cardiology, 875 Third Ave., New York, NY 10022. 





BC/BE Cardiologist wanted to join 2 BC Cardiologists in 
busy, quality practice, Phila. Full non-invasive plus SG, 
pacers, and EP if qualified. Academic affiliation. Prefer 
U.S. trained. Send CV & references to Box 440, The 
American Journal of Cardiology, 875 Third Ave., New 
York, N.Y. 10022. 





CARDIOLOGIST 


To join consultative cardiology practice for large referral 
area. Training in cardiac catheterization, PTCA and non- 


invasive mandatory. Located in South. Send C.V. anti de- 
tails about your interests to Box 435, The American Journal 
of Cardiology, 875 Third Ave., New York, NY 10022. 
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Either way, no other system gives 
you all this flexibility in such a 
compact, affordable package. 

è User selectable formats—chart 
out either 3 or 6 channels to 
meet your specific needs 

e Computer memory allows you 
to acquire and store digital data 
simultaneously from all 12-leads; 
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exact same cardiac cycles, 
increasing confidence in 
interpretation 

e Large LCD for monitoring up to 
three operator selectable chan- 
nels of ECG. Heart rate, time and 
date are conveniently displayed 

e Built-in self diagnostics alert the 
operator of potential problems 
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add stress test capability and 
future upgrades in most models 


* Exceptional reliability and com- 
pact design through use of state- 
of-the-art robotics and surface 
mount technology during 
manufacture 


¢ Choose from four models to 
meet your exact requirements 
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. Chart out your 
in virtually any, 


e Automatic or manual mode 

* 5-channel chart out, 2.5 or 5 seconds of activity 
per lead group, marked average complexes and 
diagnostic interpretation 

è 6-channel chart out, 5 or 10 seconds of activity 
per lead group, marked average complexes and 
diagnostic interpretation 

* Rhythm strip capability from any of 14 preprogrammed 
lead groups 

* Variable chart speeds: 2.5mm, 5mm, 10mm, 50mm or 100mm 

* With or without average cycles to verify data. 
Representative QRS complexes are marked where 
measurements are made 


e 5»snmm/mV, l0mm/mV, 20mm/mV, 40mm /mv sensitivity 
* Enlarged waveforms for more detailed examinations 

* Duplicate ECG recordings 

* Final reports 
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Usefulness of Programmed Stimulation in Predicting Efficacy 
of Propafenone in Long-Term Antiarrhythmic Therapy 
for Paroxysmal Supraventricular Tachycardia 


MATTHIAS MANZ, MD, GERHARD STEINBECK, MD, and BERNDT LUDERITZ, MD 





The electrophysiologic effects of intravenous (i.v.) 
and oral propafenone were evaluated in 14 patients 
with Wolff-Parkinson-White syndrome and in 10 
patients with atrioventricular (AV) nodal reentrant 
tachycardia. The effective refractory periods of the 
right atrium and the AV node increased after both 
preparations. In patients with Wolff-Parkinson-White 
syndrome, i.v. propafenone blocked anterograde 
accessory pathway conduction in 2 patients and 
retrograde conduction in 1; during oral therapy, 
accessory pathway conduction block occurred in 
2 additional patients. The mean cycle length of the 
supraventricular tachycardia (SVT) increased from 
338 + 60 ms to 387 + 56 ms (p <0.05) after i.v. 
application, and from 336 + 65 ms to 367 + 65 ms 
(p <0.05) during oral propafenone. The shortest 
pacing interval maintaining a 1:1 AV conduction 
increased from 325 + 65 ms to 368 + 81 ms (p 


<0.05) after i.v. infusion, and from 333 + 57 ms to 
369 + 75 ms (p <0.05) during oral therapy. There 
was no difference in the electrophysiologic effects 
between i.v. and oral propafenone. The induction of 
SVT was prevented by i.v. propafenone in 10 of 20 
patients and in 4 additional patients with oral pro- 
pafenone. During follow-up, 6 of 7 patients, whose 
SVT could not be initiated by electrophysiologic drug 
testing, remained free from recurrences, whereas 
5 of 7 patients with inducible tachycardia had re- 
currences of SVT. Thus, in patients with SVT, pro- 
pafenone prolonged accessory pathway and AV 
nodal conduction and had a beneficial effect on 
circus movement tachycardia. Electrophysiologic 
drug testing with propafenone predicts its efficacy 
during chronic therapy in most patients. 


(Am J Cardiol 1985;56:593-597) 





Propafenone hydrochloride decreases the maximal rate 
of increase of the action potential, and shortens the 
action potential duration in atrial and ventricular 
structures of the heart; therefore, it belongs to the class 
I antiarrhythmic agents.!-? Previous studies showed 
that propafenone is effective for control of supraven- 
tricular and ventricular arrhythmias.*~’ Electrophysi- 
ologic investigations for the evaluation of propafenone 
in patients with supraventricular tachycardia (SVT) are 
limited*!?; only a few patients have been studied during 
oral therapy.?:!! The present study evaluates the in- 
fluence of propafenone on the electrophysiologic 
properties in patients with Wolff-Parkinson-White 
(WPW) syndrome and with atrioventricular (AV) nodal 
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reentrant tachycardia after intravenous (i.v.) applica- 
tion; it also determines whether acute electrophysiologic 
drug testing can predict the efficacy of propafenone 
during oral therapy in patients with SVT. 


Methods 


Patients: In 24 patients (8 women and 16 men, aged 12 to 
70 years), diagnostic investigations were performed. The pa- 
tients were studied in the nonsedated state and did not receive 
cardioactive drugs for at least 48 hours before the investiga- 
tion. Each patient gave an informed written consent. All pa- 
tients had 8 + 6 episodes (range 2 to 24) of sustained SVT in 
the 12 months before entrance into the study. Previous anti- 
arrhythmic therapy included 2.5 + 1 antiarrhythmic agents 
(range 1 to 4) in 22 cases; 2 patients had no previous antiar- 
rhythmic treatment. 

Electrode catheters were inserted through the right femoral 
and left basilic vein, and were placed into the right atrium, 
right ventricle, coronary sinus and just below the tricuspid 
valve to record the His bundle activity. Electrocardiographic 
leads I, II and V, and 3 bipolar intracardiac leads were re- 
corded simultaneously. Atrial and ventricular stimulation 
were performed using the single-test stimulus method as well 
as regular pacing at increasing rates. Effective refractory pe- 
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TABLE! Effect of Propafenone on Effective Refractory Periods of the Anomalous Pathway 


m 


MAT 
ul Sex & 


Anterograde Conduction 


Retrograde Conduction 


i 450-600 450-600 
» Pt Age (yr) Control 1 mg/kg i.v. mg/day p.o. Control 1 mg/kg i.v. mg/day p.o. 
D. 1 F12 310 290 — 230 <230 — 
$n 2 M46 290 290 -—- 240 280 — 

3 M43 310 <310 -— <250 <260 -— 
y 4 M47 290 Block -— — — — 

d 5 M40 Concealed 290 290 -— 
ic | conduction 
"es 6 F41 Concealed 290 390 Block 
ES conduction 
EA 7 M50 340 390 340 360 530 380 
D 8 M40 Concealed 250 €240 =250 
lw conduction 
g 9 M20 Concealed <250 <240 <240 
fi conduction 

10 M20 260 Block —- Block Block — 
| 11 M62 280 290 Block 360 Block Block 

E 12 M19 270 270 280 230 €270 X240 
Ae 13 M18 260 270 270 270 «280 300 
ue 14 M24 310 320 340 S260 260 «X280 
|. — = not given or not determined. 


-— riods of the accessory pathway and of the AV node were both 
_ obtained with a basic stimulation rate of 100/min using the 
.. single-test stimulus method. The mean cycle length during 
__ reentrant tachycardia and the shortest atrial interval during 
-. incremental atrial pacing were compared with the results after 
. drug treatment.!? The following criteria for diagnosis of AV 
nodal reentrant tachycardia were used: (1) induction of SVT 
related to a critical AH delay with both incremental pacing 
.. and atrial extrastimulus testing; (2) demonstration of antero- 
_ grade dual AV nodal pathway; (3) atrial activation occurring 
- before or simultaneously with the onset of ventricular acti- 
vation during SVT; and (4) normal retrograde atrial activation 
sequences during SVT. Retrograde anomalous pathway 
conduction during SVT was proved by the following criteria: 
(1) abnormal retrograde atrial activation sequence; and 
(2) ability to capture the atria during SVT with critically 
timed ventricular extrastimuli when the His bundle was 
refractory.13-15 
~ After the initial electrophysiologic study, 1 mg/kg of pro- 
__ pafenone was administered intravenously over 5 to 10 min- 
- utes. After a 5-minute period of drug distribution, the elec- 
. trophysiologic protocol was repeated. In 14 patients, who 
. underwent a second electrophysiologic study, the stimulation 
-protocol was repeated after 5 to 7 days of oral therapy with 150 
_ mg of propafenone 3 to 4 times daily; 1 patient received 150 
ie mg 5 times daily. The study was performed 1 to 2 hours after 
.. the last dose was administered. Seventeen patients continued 
_ receiving oral therapy with propafenone and were followed 
- onan out patient basis at 4- to 8-months intervals. 
— .— Group data are presented as mean + standard deviation of 
.. the mean. Friedman's analysis of variance by ranks and Wil- 
-. coxon matched-pairs signed-ranks test were used. 


43 Results 


: Patterns of WPW syndrome were present in 14 pa- 

_ tients, including 4 patients with concealed anterograde 

-accessory pathway conduction. The electrophysiologic 

etudy revealed a right-sided accessory pathway in 2 

. patients, a left-sided pathway in 7 and a septal pathway 

in 4 (no localization in 1 patient). AV nodal reentrant 

_ tachycardia could be demonstrated in the remaining 10 
-~ patients. 

Atrial and ventricular refractory periods: The 

effective refractory periods of the right atrium increased 


from 210 + 24 ms to 225 + 29 ms (p <0.05) after i.v. 
application, and from 212 + 23 ms to 228 + 41 ms during 
oral therapy (p <0.05). The effective refractory periods 
of the right ventricle were unaffected by propafenone 
(i.v.: control 236 + 20 ms, propafenone 236 + 22; oral: 
control 239 + 21 ms, propafenone 246 + 22 ms). 

Accessory pathway properties: The influence of 
propafenone on the effective refractory period of the 
accessory pathway is listed in Table I. After i.v. pro- 
pafenone, anterograde conduction of the accessory 
pathway was blocked in 2 patients, and retrograde 
conduction in 1 patient. During oral therapy, 2 addi- 
tional patients had a block of accessory pathway con- 
duction, 1 in the anterograde and 1 in the retrograde 
direction. The anterograde effective refractory periods 
of the remaining patients increased in 4, remained un- 
changed in 3 and decreased in 1 patient. Retrograde 
effective refractory periods were determined by the 
refractoriness of the ventricle in 8 patients; therefore, 
accessory pathway effective refractory periods could not 
be measured in these cases. In the remaining patients, 
prolongation of the effective refractory periods was 
found. The shortest atrial intervals with 1:1 AV con- 
duction during incremental atrial pacing are given in 
Figure 1. After i.v. administration of propafenone, the 
intervals increased from 325 + 65 ms to 368 + 81 ms (p 
<0.05). During oral therapy, an increase from 333 + 57 
ms to 369 + 75 ms was observed (p «0.05). 

Atrioventricular node: Table II is a summary of the 
effects of propafenone on the effective refractory peri- 
ods of the AV node for both anterograde and retrograde 
conduction. There was an increase in the effective re- 
fractory periods after i.v. and oral propafenone in most 
patients. Retrograde conduction of patient 4 was 
blocked after i.v. and oral propafenone. 

Reentrant tachycardia: Intravenous propafenone 
increased the mean cycle length of the induced reen- 
trant tachycardia from 338 + 60 ms to 387 + 56 ms (p 
<0.05). A similar increase of the mean cycle length from 
336 + 65 ms to 367 + 65 ms was noted during oral drug 
treatment (p «0.05, Fig. 2). Induction of reentrant 
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TABLE Il 
Anterograde Conduction 
Sex & 
Pt Age (yr) Control 1 mg/kg i.v. 
1 F12 220 <220 
6 F41 <230 <240 
7 M50 270 300 
8 M40 250 240 
9 M20 370 390 
14 M24 260 280 
15 M18 320 350 
16 F47 220 260 
17 M58 <275 — 
18 F51 270 — 
18 F51 270 — 
19 M41 270 300 
20 F70 <300 <340 
21 F60 250 290 
22 F51 280 270 
23 F46 <210 250 
24 M23 260 280 


— = not given or not determined. 


tachycardias could be estimated in 20 patients during 
control and after infusion of propafenone. Two patients 
had only paroxysmal atrial fibrillation; no tachycardia 
could be initiated in 1 patient and persistence of atrial 
fibrillation terminated the study in 1 other patient. 
Intravenous administration of propafenone prevented 
induction of reentrant tachycardias in 10 patients. The 
echo zone of induction was unchanged in 7 patients, 
smaller (>20 ms) in 2 and wider (>20 ms) in 1. During 


Propafenone 
450- 600mg/day po 


Propafenone Control 
n=16 img/ kg iv n«10 





325*65 p«0.05 368 * 81 333+57 p<0.05 369*75 
FIGURE 1. Effect of intravenous (i.v.) and oral (p.o.) propafenone on 
the shortest atrial intervals with 1:1 atrioventricular conduction during 
atrial incremental pacing in patients with Wolff-Parkinson-White syn- 
drome (solid line) and atrioventricular reentrant tachycardia (broken 


line). 


Effect of Propafenone on Effective Refractory Periods of the Atrioventricular Node 


Retrograde Conduction 


450-600 450-600 
mg/day p.o. Control 1 mg/kg i.v. mg/day p.o. 
230 — — 
230 — EE -— 
280 — — — 
410 — — — 

290 310 330 320 

— 220 260 a 

— 285 360 -— 

— 450 — — 

— 450 — — 
270 E250 <260 <270 
300 <280 300 380 
370 <280 <270 <270 
260 <250 510 — 
290 <250 <260 290 
290 340 Block Block 


oral therapy, the inducibility of the reentrant tachy- 
cardia returned in 1 patient (Fig. 3). On the other hand, 
the induction of sustained reentrant tachycardia was 
no longer possible in 4 other patients during oral ther- 
apy; in 2 of these 4 patients, 5-beat runs of nonsustained 
tachycardia were recorded. 

Patient follow-up: After discharge from the hospi- 
tal, 17 patients continued oral therapy with 557 + 70 mg 
of propafenone. Three of these patients left the study: 
1 patient was referred for cardiac operation because of 
pulmonary stenosis together with corrected transposi- 
tion of the great arteries, and died within 1 month; 1 
died of bronchial cancer after 4 months without SVT 
recurrence; and 1 was lost to follow up because he re- 


Propafenone 
450-600mg/day po 


Control Propafenone Control 
n=10 1mg/kg iv n=5 


(ms) 


450 





250“ 338+60 p<005 387*56 336+65 367+65 


p«005 


FIGURE 2. Effect of intravenous (i.v.) and oral (p.o.) propafenone on 
the mean cycle length of induced supraventricular reentrant tachycardia 
in patients with Wolff-Parkinson-White syndrome (solid line) and 
atrioventricular nodal reentrant tachycardia (broken line). 
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turned to his native country. Of the remaining patients, 
2 were treated with amiodarone because of recurrent 
atrial fibrillation, 3 received 8-blocker therapy and 2 
had no long-term antiarrhythmic therapy because they 
had a low incidence of SVT (2 in 12 months). Among the 


. 14 patients who were treated during long-term patient 


management with propafenone, SVT in 7 patients 
(group 1) was controlled during electrophysiologic drug 
testing (both i.v. and oral treatment in 6 patients and 
oral treatment alone in 1 patient). In group 1, 6 of 7 
patients remained free from recurrences for a mean of 
25 + 7 months. One patient reported 3 self-terminating 


. SVTs in 30 months (control: 15 SVTs in 12 months) and 
. continued to take the substance. Two patients in group 
_ l interrupted drug treatment for 2 and 3 months, ex- 
. perienced recurrences and started to take propafenone 
again. In group 2 patients, whose SVT was not con- 
trolled by i.v. (n = 5) and oral (n = 2) propafenone 


treatment during the electrophysiologic study, 5 had 


. recurrences of SVT during a period of 18 + 11 months. 


Two of these patients had only 1 and 2 recurrences per 


~. year and continued to take the drug. Three of the re- 


. maining patients had more frequent episodes of SVT 
- (8in 4 months, 5 and 7 within 12 months); these patients 


were treated with amiodarone. The incidence of SVT 


— for the 2 groups was the same before entry into the 


study. The follow-up of group 2 was shorter because 
therapy in 3 patients was switched to amiodarone. Four 
patients complained about gastrointestinal side effects 


at the beginning of the oral therapy, but no patient had 
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to discontinue propafenone. 


Propafenone  Propafenone 
450 -600mg/day p.o. 


1mg/kg i.v 
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a FIGURE 3. Inducibility of supraventricular reentrant tachycardia after 


___ ifttravenous (i.v.) and oral (p.o.) treatment with propafenone in 20 pa- 
—. tients. Intravenous propafenone prevented the induction of the reentrant 
. tachycardia in 10 patients (6 with atrioventricular [AV] nodal reentrant 


tachycardias, 4 with Wolff-Parkinson-White [WPW] syndrome). The 
electrophysiologic study could be repeated in 14 patients during oral 
therapy; in this cohort, reentrant tachycardias of 7 patients (5 with AV 


... nodal reentrant tachycardias, 2 with WPW syndromes) were not in- 


ducible as before. In 4 additional patients (1 with AV nodal reentrant 
tachycardia, 3 with WPW syndromes), the tachycardia could not be 
initiated any longer; however, tachycardia returned in 1 patient with 
WPW syndrome. 


Discussion 


_ In our investigation, propafenone had a uniform ef- 
fect on the refractoriness of the atrium, the AV node and 
accessory pathway in anterograde and retrograde di- 
rection. These results are in accordance with previous 
studies,9-!? which reported a higher percentage of an- 
terograde accessory pathway block, probably a result 
of the 1.5- and 2 mg/kg-dose of propafenone given. The 
prolongation of the refractory periods and the slowing 
of conduction resulted in a decrease of the heart rate 
during SVT and protected against rapid ventricular 
rates during atrial fibrillation. 

The effect of i.v. propafenone on the refractory pe- 
riods was of the same magnitude as the effect during 
oral treatment. With respect to the induction of SVT, 
some patients appeared to benefit additionally during 
oral drug trials. The slightly better results during oral 
treatment compared with i.v. application might have 
been caused by active metabolites such as 5-hydroxy- 
propafenone.!" In a previous study, the effects of i.v. and 
oral treatment with propafenone was demonstrated in 
a cohort of 5 patients.? 

In the present study, patients with complete sup- 
pression of SVT at the electrophysiologic drug trial 
appeared to have less recurrences of SVT during long- 
term therapy. Effective prophylactic drug therapy could 
be predicted in most patients with WPW syndrome!? 
or AV nodal reentrant tachycardia by serial electro- 
physiologic drug testing.!? Recently Klein et al?? re- 
ported that acute drug testing with verapamil could 
predict the response to long-term therapy with oral 
verapamil. These data support the assumption that the 
electrophysiologic drug trial can predict the efficacy of 
long-term therapy in most patients with SVT. 

Limitations: The result of the electrophysiologic 
study may be influenced by the tone of the autonomous 
nervous system at the different days of the study. The 
electrophysiologic investigation could be repeated only 
in 14 patients and chronic propafenone therapy was 
continued only in two-thirds, resulting in patient se- 
lection. Tachycardiac attacks were assessed by the re- 
ports of the patients, but objective recordings were 
lacking. 

Clinical implications: Propafenone had a uniform 
effect on AV node structures and on accessory pathway 
tracts, resulting in a decrease of the rate during reen- 
trant tachycardias and during the atrial tachyarrhyth- 
mias. Propafenone proved an effective antiarrhythmic 
agent for long-term treatment of patients with SVT. 
Acute drug testing with propafenone can predict its 
effects during chronic therapy in most patients with 
SVT. 
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Effects of Atenolol on Exercise Capacity in Patients 
with Mitral Stenosis with Sinus Rhythm 


HERMAN O. KLEIN, MD, PINHAS SARELI, MD, COLON L. SCHAMROTH, MB, FCP (SA), 
YOONOOS CARIM, MB, FCP (SA), MENASHE EPSTEIN, MD, and 
BRIDGET MARCUS, MBBCh 


Exercise capacity is frequently impaired in patients 
with mitral stenosis (MS) and sinus rhythm (SR). 
The resulting increased heart rate, which shortens 


the diastolic filling period, and the increased cardiac 
output lead to further elevations of left atrial pressure 
and subsequent pulmonary congestion. The effect 
of the B-receptor blocking agent atenolol, 100 


H mg/day, was assessed in 13 patients with MS and 


SR. Exercise performance was assessed using a 
modified multistage Bruce protocol after 2 weeks 
of placebo and after 2 weeks therapy with atenolol 
in a single-blind, crossover, placebo-controlled, 


. randomized study. Atenolol resulted in significant 


~ 


Exercise capacity is frequently impaired in patients with 


mitral stenosis (MS). The pressure gradient across the 


mital valve is directly related to the diastolic blood flow 


_ through the orifice and inversely related to the orifice 


_ size and duration of the diastolic filling period.!-? Any 


-increase in cardiac output or decrease of the diastolic 


filling period, as occurs with tachycardia, produces an 


. exponential rise in the pressure gradient.? The result 


is reflected clinically by dyspnea on exertion and, 


- in severe cases, by the precipitation of pulmonary 
JA edema. 


JEER YW 


Intravenous administration of propranolol has been 


_ studied by catheterization and has a beneficial effect on 


hemodynamic values at rest?-? and during supine ex- 
ercise.7 D'Annunzio and Mobilij$ showed hemody- 


A namic improvement at rest after oral propranolol ad- 


PDT 


 ministration for 1 month in 5 patients with MS and 
- sinus rhythm (SR). We found only 1 study that com- 
pared exercise capacity both before and after the 
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From the Department of Cardiology, Baragwanath Hospital, and the 
University of the Witwatersrand, Johannesburg, South Africa. Manu- 
Script received February 18, 1985; revised manuscript received April 


.. 28, 1985, accepted April 29, 1985. 


Address for reprints: Pinhas Sareli, MD, Department of Cardiology, 
Baragwanath Hospital, P.O. Bertsham 2013 Johannesburg, South 
Africa. 


decreases in mean heart rates at rest and during 
exercise (p — 0.0015) and a significant increase in 
total exercise time (p — 0.0015). Maximal exercise 
capacity was also significantly improved (p — 
0.0015). All patients were both objectively and 
subjectively improved by atenolol. Thus, 8-blockade 
with atenolol improves exercise capacity in patients 
with MS and SR and may be of benefit to most such 
patients. The improved effort tolerance is attributed 
to reduction of the exercise-associated sinus 
tachycardia by O-blockade, allowing a longer dia- 
stolic filling period and better left atrial decom- 
pression. (Am J Cardiol 1985;56:598-601) 


chronic administration of B-blocking agents? We 
studied 13 patients who had significant MS and were 
in SR. These patients were evaluated in a single-blind, 
placebo-controlled, crossover study. The 8 blocker se- 
lected for the study was the cardioselective agent 
atenolol. 


Methods 


Patients: Thirteen consecutive patients with isolated MS 
and SR were subjected to a prospective crossover, single-blind, 
placebo-controlled study. There were 11 female and 2 male 
patients, aged 15 to 35 years. All were in functional class II or 
III of the New York Heart Association classification. The di- 
agnosis of MS was made clinically and confirmed by echo- 
cardiography in every patient. MS was considered significant 
in all 13 patients as judged by the echocardiographic finding 
of a mitral valve orifice area of less than 1.5 cm. All patients 
received oral diuretic therapy throughout the study period. 
All had evidence of pulmonary arterial hypertension, as 
judged by a palpable right ventricular impulse and a loud 
pulmonic component of the second heart sound. Chest 
roentgenographic and electrocardiographic findings were all 
compatible with the clinical diagnosis. 

Study protocol: The 13 patients were subjected to a 2- 
phase, crossover study with each phase consisting of 2 weeks. 
Seven patients began with placebo and the other 6 with oral 
atenolol treatments, 100 mg taken in the morning. A 6-blocker 
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TABLE! Measurements During Atenolol and Placebo Phases 





Placebo Atenolol p Value 
Rest heart rate (beats/min) (13) 88+ 12 (13) 58+8 0.0015 
Exercise heart rate (beats/min) 
Stage | (13) 115 + 16 (13) 812415 0.0015 
Stage Il (13) 127 + 17 (13) 93 + 16 0.0015 
Stage Ill (9) 146 + 11 (13) 106 + 15 0.0077 
Stage IV (3) 164 + 10 (9) 119 + 12 0.0015 
Stage V (4) 140 + 10 
Blood pressure (mm Hg) 
Rest 
Systolic 106 + 12 101+ 10 NS 
Diastolic TI £ 70+7 NS 
Stage | 
Systolic 111+ 16 105 + 16 NS 
Diastolic 66 + 10 66 + 11 NS 
Stage Il 
Systolic 110 + 16 110 + 15 NS 
Diastolic 63 + 11 62 + 16 NS 
Stage Ill 
Systolic 117 + 19 101+ 14 NS 
Diastolic 60 + 16 57+ 18 NS 
Stage IV 
Systolic 107 + 15 99+7 
Diastolic 5316 50 + 12 
Stage V 
Systolic 97+ 21 
Diastolic 42+ 15 
Exercise time (min) 942 t142 0.0015 
Maximal exercise capacity (units) 5+ 29 84 + 47 0.0015 
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Values are mean + standard deviation. 


Brackets indicated number of patients who reached that stage. 


NS = not significant. 


effect was considered to be present if the heart rate at rest 
decreased by 10% or more from placebo to atenolol phases. 
The tablets of atenolol and placebo were identical in ap- 
pearance. Serum atenolol concentration was measured in 3 
patients chosen at random at the end of the 2-week atenolol 
phase. 

Exercise protocol: The 13 patients underwent exercise 
testing on a commercial treadmill according to a modified 
Bruce protocol until the point of exhaustion, dizziness or se- 
vere dyspnea was reached. 

The following measures of functional capacity were com- 
pared during placebo and atenolol phases: (1) heart rate and 
blood pressure at rest, at the end of each exercise stage and 
at the completion of exercise; (2) total duration of exercise; 
and (3) maximal exercise capacity index (expressed as work 
units). Maximal exercise capacity was derived from the fol- 







FIGURE 1. Mean heart rates at different stages of exer- 
cise during atenolol and placebo phases. Brackets indi- 
cate number of patients reaching a particular stage. 


HEART RATE (bpm) 
200 


lowing formula, which was calculated for each stage of exercise 
and then summated: [time (min) X speed (km/hr) X incline 


(degrees)/3 minutes]. For example, in a patient who completed 
stage 1 but managed only 2 minutes of stage 2: [(3 X 2.7 X 1)/3 — 


+ (2 X 2.7 X 5)/3] = 11.7 work units. This index, adapted from 
Redfors,!° takes into account not only the total time spent 
exercising, but also the increasing difficulty of exercise with 
each successive stage. 

Plasma atenolol concentration: Atenolol concentrations 
were measured at random in 3 patients. The plasma concen- 
tration of atenolol was determined by the procedure described 
by Yin-Gail et al.!! 

Statistical analysis: Wilcoxon's signed-rank test procedure 
was used for analysis of all variables.!? This test was modified 
where applicable according to the method of Bonferroni.’® A 
p value of «0.01 was considered significant. 
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Results 


E Values at rest: Values measured at rest are listed in 
— Table I. Mean heart rate at rest for the 13 patients was 
_ 88 + 12 beats/min (range 57 to 100) during the placebo 
. period, and decreased to 58 + 8 beats/min (range 51 to 
75) after 2 weeks of atenolol treatment (p = 0.0015). The 
. mean decrease in heart rate at rest was 34%. Systolic and 
diastolic blood pressures did not change significantly. 
Response to exercise: All individual and mean heart 
rates were significantly lower at each stage of exercise 
during atenolol treatment than during placebo (Fig. 1, 
. Table I). Blood pressure values did not change signifi- 
cantly. The maximal exercise capacity and the total 
_ time spent on the treadmill increased significantly 
. during the atenolol phase (Fig. 2 and 3, Table I). 
Plasma atenolol concentration: The plasma 
— atenolol concentrations in the 3 patients chosen at 
. random were 193, 246 and 665 ng/ml (mean 368). 
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Discussion 


The results of previous studies? reflecting acute 
hemodynamic changes in MS with SR strongly sug- 
_ gested that 6-blocker administration on a long-term 
.. basis could improve exercise capacity. The only study 
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FIGURE 2. Maximal exercise capacity (MEC) during 
atenolol and placebo phases. 


p = 0.0015 


that investigated this issue with oral therapy was not 
completely placebo-controlled and used a noncardi- 
oselective agent.? The present placebo-controlled study 
demonstrated that 6 blockade significantly improves 
exercise capacity in patients with MS and intact sinus 
node function. The results are similar to those of Penas 
et al? The increase in exercise capacity is probably 
mediated by the negative chronotropic effect of B- 
blocking drugs on sinus node function, both at rest 
and in response to exercise. Effort dyspnea is reduced 
and the risk of exercise induced pulmonary edema is 
diminished. 

Amery et al!^ showed that there is a clear relation 
between plasma atenolol concentration and percent 
reduction in exercise heart rate. The therapeutic plasma 
atenolol concentrations determined by these investi- 
gators (100 to 500 ng/ml) are similar to those obtained 
in the present study. In practice, the determination of 
plasma atenolol concentration is not necessary for the 
clinical management of compliant patients, although 
its availability permits the exclusion of placebo-related 
or conditioning effects. A decrease in heart rate of at 
least 10% at rest after a starting dose of 100 mg/day of 
atenolol is usually an adequate means of monitoring the 
compliance and clinical response of patients. 


FIGURE 3. Exercise time during atenolol and placebo 
phases. 
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Physicians may be reluctant to use -blocking drugs 
in patients with MS because of the negative inotropic 
effect of these drugs.!5!16 The deleterious effects of this 
action, however, in the context of MS without severe 
pulmonary arterial hypertension or evidence of right 
heart failure, is negligible.4° The choice of atenolol was 
motivated by its easy (once a day) administration, as 
well as its long duration of action, cardioselectivity and 
hydrophilic properties. Although there is a potential and 
theoretical adverse effect of 8 blockade in reducing left 
atrial contractility, this effect was not evident in our 
patients or was negated by the advantageous effects of 
a slower heart rate. 

Although the use of atenolol in pregnant and lactating 
women is limited, there is no evidence of teratogenicity, 
nor of neonatal or infant toxicity either in our experi- 
ence or that of other investigators.!7-?? Outside of this 
study we have used atenolol in several pregnant women 
with MS without mishap. 

Beta-blocking drugs should be administered cau- 
tiously when pulmonary arterial hypertension is 
marked, and their use may be contraindicated in some 
patients with MS and right ventricular failure. 

The clinical application of this study is readily ap- 
parent. The long-term use of a -blocking drug, such as 
atenolol will improve exercise capacity and allow the 
postponement of surgical intervention in many patients 
with significant MS. 
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Electrophysiologic Mechanisms of Provoked Atrial Flutter 


in Mitral Valve Prolapse Syndrome 


DAVID J. DOBMEYER, MD, RONALD A. STINE, MD, CARL V. LEIER, MD, 
and STEPHEN F. SCHAAL, MD 


To examine the electrophysiologic determinants of 
provoked atrial flutter (AF) in patients with mitral 
valve prolapse (MVP), studies were performed in 4 
groups of patients: group 1 (n = 5), patients with 
MVP and AF; group 2 (n — 6), patients without MVP 
but with AF; group 3 (n — 6), patients with MVP but 
without AF; and group 4 (n — 5), patients without 
MVP and without AF. P-wave duration, intraatrial 
conduction, interatrial conduction and effective 
refractory periods for both the high right atrium and 
the low right atrium were longer in group 2 than in 


Atrial flutter (AF) is a relatively common supraven- 
tricular arrhythmia generally associated with atrial 
enlargement! or atrial conduction disease.?? Patients 
with mitral valve prolapse (MVP) in whom AF develops 
frequently do not have atrial enlargement. The role of 
atrial conduction and refractory period abnormalities 
in the development of AF in such patients is not known. 
To further delineate the electrophysiologic substrates 
of AF, the development of sustained AF to programmed 
atrial stimulation was compared in patients with and 
without MVP and no evidence of atrial enlargement. 


Methods 


Eighteen patients and 4 normal volunteers (16 women, 6 
men), mean age 35 years (range 17 to 61), underwent electro- 
physiologic study for evaluation of suspected dysrhythmia or 
drug testing. All patients had palpitations, tachycardia, syn- 
cope or chest pain not typical for angina pectoris (Table I). 
The patients selected were those studied in chronologic order 
in whom atrial catheter positions were accurately known and 
AF was either readily reproduced in sustained fashion or was 
not inducible. The normal volunteers underwent electro- 
physiologic study related to a drug protocol. Electrocardio- 
graphic abnormalities were limited to ventricular premature 
complexes and nonspecific ST- and T-wave changes. Of the 
24 subjects, in 11 MVP was diagnosed by classic auscultatory 
findings* and echocardiography. In 11 patients MVP was 
excluded in a similar manner. Other than MVP, evidence of 
heart disease was absent. No patient had evidence of cardio- 
Cu OM a STU PRINS decr Ns sy 
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group 1. The effective refractory period of the low 
right atrium was longer in group 3 than in group 1. 
The interatrial conduction interval was longer in 
group 2 than in group 4. Thus, in patients without 
MVP, atrial conduction delay is the predominant 
determinant of AF, whereas differences in right atrial 
refractoriness appear to be most important to the 
provocation of AF in the patient with MVP. These 
differences in atrial refractoriness may be a result 
of abnormal autonomic influences in patients with 
MVP. (Am J Cardiol 1985;56:602-604) 

- 


megaly or atrial enlargement by chest radiography and 
echocardiography. The echocardiographic criteria used for 
left atrial enlargement were those of Feigenbaum.9 

For statistical analysis of the electrophysiologic data, the 
patients were classified into 4 subgroups based on the presence 
or absence of MVP and the presence or absence of AF. Group 
1 consisted of 5 patients with MVP and provoked AF; group 
2 consisted of 6 patients without MVP but with provoked AF; 
group 3 consisted of 6 patients with MVP but without AF; and 
group 4 consisted of 5 patients without MVP and without 
provokable AF. Two of 5 patients with MVP had spontaneous 
AF and 3 of 6 patients without MVP showed spontaneous AF 
or flutter-fibrillation (Table I). All groups were statistically 
similar in mean age. 


° " z ^ 
Comparisons of electrophysiologic measurements were 


determined for group 1 vs groups 2, 3 and 4; group 2 vs group © 
4; and group 3 vs group 4. 

All studies were performed in the postabsorptive, nonse- 
dated state. Patients taking cardioactive drugs had medica- 
tions discontinued at least 24 hours before the procedure. 
Beta-blocking drugs were discontinued at least 72 hours before 
the study. An esophageal bipolar catheter was positioned 
fluoroscopically at the level of the midleft atrium. A 6-pole 
catheter was inserted percutaneously and positioned for re- 
cording the His bundle potential. Bipolar or quadripolar 
catheters were inserted into the high and low right atrium. The 
high right atrial catheter was positioned anterolaterally near 
the superior vena cava and the low right atrial catheter in the 
low lateral right atrium near the inferior vena cava. Atrial 
pacing was accomplished using a programmed digital stimu- 
lator that delivered square-wave impulses at 11/ times the 
diastolic threshold and 2 ms in duration. Intracardiac elec- 
trograms were filtered at 40 to 500 Hz and recorded on an 
Electronics for Medicine recorder at paper speeds of 50 or 100 
mm/s. Simultaneously, surface electrocardiographic leads I, 
aVF and V, were recorded. 

Conduction intervals: P-wave duration was determined 
by measuring the onset to termination of the longest P wave 
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TABLE! Clinical Descriptors, Atrial Conduction and Effective Refractory Periods in Groups 1 to 4 


Age (yr) 
& Sex Symptoms PWD HR-LR HR-L ERP-HR ERP-LR 
Group 1 
ee sr Se ee 
1 31F Tach, 73 21 35 240 170 Y 
syncope 
2 24F Syncope 79 22 42 200 190 
3 36M SVT 94 31 53 220 180 p: 
4 39F LH, AF 65 31 48 220 170 4 
5 43F SVT, AF 76 21 29 220 170 
Average + SD fie tt 25 £57 41+ 10* 220 + 14* 176 + 9* TF 4 
EN o o s 05 0 6 v 12 309 aA O kine e rt E AERE Ee E O 
6 21M Normal 98 27 53 270 210 
7 26M Normal 104 45 72 270 240 
8 30M Normal 90 45 53 220 210 
9 26F Syncope, 100 63 102 260 170 
AF 
10 46F Syncope, 90 40 62 270 210 
AF 
11 42F Probable AF 85 39 59 220 180 
Average + SD 94 t 7* 43. E. 11* 66 + 18** 251 + 25* 203 + 25* 
Group 3 
12 25F Syncope 80 19 71 240 280 
13 55F Chest pain, 86 32 55 230 220 
VPCs 
14 25F Palps 79 31 44 200 260 
15 17F Syncope 80 28 49 290 290 
16 61M Syncope 105 20 38 280 270 
17 48F Palps 95 0 41 260 240 
Average + SD 88 + 10 27+6 50 + 12 250 + 33 260 + 261 


DUE at i — HÀ 


18 19F S/P ASD 70 
repair 
19 52F Syncope 100 
20 46M Palps 110 
21 58F SVT, LH 97 
22 24F Normal 95 
Average + SD 94+ 15 


25 39 210 190 
38 50 220 200 
38 49 270 250 
41 52 300 230 
23 40 250 270 
33 + 8 46 + 68 250 + 38 228 + 338 


* Group 1 vs 2 p <0.05; t Group 1 vs 3 p <0.05; * Group 2 vs 4 p <0.05; $ Group 1 vs 4 p «0.05. 
AF = atrial flutter; ASD = atrial septal defect; ERP = effective refractory period; HR = high right atrium; L = left atrium; LH = lightheaded; 


LR = low right atrium; Palps = palpitations; PWP = P-wave duration; SD = standard deviation; S/P = status post; SVT = supraventricular tachycardia; — 


Tach = tachycardia. 


in electrocardiographic leads I, aVF or V;. Right intraatrial 
conduction time was measured as the interval from high right 
atrial to low right atrial depolarization. The interatrial con- 
duction time was the interval from the high right atrial to left 
atrial depolarization. The atrioventricular node and His- 
Purkinje conduction times were determined by measuring the 
low right atrium to His bundle and His bundle to ventricular 
depolarization intervals, respectively. The flutter cycle length 
was defined as the interval between 2 consecutive AF waves; 
the length of the flutter wave was the interval from beginning 
to end of the longest flutter depolarization in the high right, 
low right or left atrial recording. 

Arrhythmia provocation and effective refractory pe- 
riods: Arrhythmia provocation was performed by the extra- 
stimulus technique applied to the high right and low right 
atria. Six to 8 atrial paced beats, Aj, at a rate of 100 beats/min, 
were followed by a premature stimulus, A». The A,-A» interval 
was progressively shortened at 10-ms intervals until a sus- 
tained tachyarrhythmia was produced or A» no longer resulted 
in a subsequent atrial depolarization. This point was desig- 
nated the effective refractory period. If pacing with a single 
premature stimulus did not result in a sustained tachyar- 
rhythmia, A» was advanced 10 ms beyond the atrial effective 
refractory period and a second premature stimulus, As, was 
introduced at progressively premature intervals until a sus- 
tained tachyarrhythmia was produced or A5 was found re- 


fractory. Sustained AF was defined as a regular atrial tachy- 
cardia at a rate of 250 to 350 beats/min lasting longer than 30 
seconds. The arrhythmia was defined as absent if 1 or no re- 
petitive responses developed. 


Statistical methods: Measurements are presented as mean ~ 


+ standard deviation. Comparisons between groups were 
performed using analysis of variance for a 2-way layout and 
the Student t test for unpaired data. A p «0.05 was designated 
as statistically significant. 


Results 


Five patients with MVP and 6 without had sustained 
AF in response to programmed electrical stimulation. 


In patients in whom AF developed, the flutter cycle 


length and length of flutter wave were not different. 
Group 1 (MVP, AV) versus group 2 (no MVP, 
AF): AH and HV intervals were not significantly dif- 
ferent beween the 2 groups. However, when compared 
with group 1 patients, group 2 patients had longer P- 


wave duration, longer intraatrial and interatrial con- - 
duction intervals, and longer effective refractory periods - 


for both high and low right atria (Table I). 
Group 1 (MVP, AF) versus group 3 (MVP, no AF): 
Group 3 differed from group 1 only by the presence of 
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a longer effective refractory period of the low right 
atrium (Table I). 
Group 1 (MVP, AF) versus group 4 (no MVP, no 


— AF): Group 1 patients were similar in all measurements 


to group 4 patients except for a shorter effective re- 
fractory period of the low right atrium (Table I). 
Group 2 (no MVP, AF) versus group 4 (no MVP, 


d . no AF): Interatrial conduction was longer in group 2 
_ than in group 4 patients. All other measurements were 


— not different (Table I). 


Group 3 (MVP, no AF) versus group 4 (no MVP, 
no AF): No significant differences were found between 


the 2 groups for any of the electrophysiologic mea- 
- surements. 


Discussion 
In several previous studies the electrophysiologic 


. factors predisposing to the development of AF have 


been examined. Leier et al? showed that AF was asso- 
ciated with prolonged atrial conduction and an in- 
creased P-wave duration. Similarly, Watson and 


S Josephson? found atrial conduction defects in 36 of 41 


patients with sustained AF. Confirming these findings, 
our comparison of patients without MVP who had 
sustained AF vs those who did not have AF showed 
again that prolonged arial conduction was a marker or 


prerequisite for development of AF. In contrast, pa- 
tients with MVP with provokable sustained AF did not 


- Show evidence of atrial conduction disease. In fact, 


compared with the group of patients without MVP who 


| . had AF, the MVP-AF group showed a distinct lack of 


atrial conduction and refractory period prolongation, 
displaying significantly shorter intraatrial and inter- 


atrial conduction times, shorter P-wave durations and 


shorter atrial effective refractory periods. 

The patients without MVP who had AF had greater 
atrial conduction and refractory period prolongation 
than the patients with MVP who had flutter when 
compared with normal subjects. Although the MVP 
patient with provokable AF was electrophysiologically 
markedly different from the patient without MVP with 
AF, the MVP-AF patient different from the MVP pa- 
tient without provokable AF only by the presence of a 
shortened low right atrial effective refractory period. 

These findings suggest that different mechanisms are 
responsible for the production of AF in these 2 groups. 
The patients without MVP appear to have AF as a 
function of prolonged atrial conduction. Because pa- 


_ tients with atrial enlargement were excluded and all 
. groups were similar in age, the likely anatomic substrate 


is diffuse atrial fibrosis in this group." On the other 
hand, the shorter low right atrial refractory period 
displayed by the MVP group who had AF suggests an 
inhomogeneity of refractory periods, especially since the 
high right atrial refractory periods were not different. 
However, multiple sites were not tested; this is required 
to document the increased temporal dispersion of re- 


- fractoriness responsible for atrial reentry tachycardia.® 


The difference in atrial refractoriness present in the 
MVP patients with AF may be secondary to varying 
degrees of autonomic influence on the right atrial tissue. 


Gaffney et al? showed that MVP patients have an at- 
tenuated vagal response to the diving reflex. Prystowsky 
et al!? showed that vagal stimulation shortened the ef- 
fective refractory period of the human right atrium 
while producing shortening of the midright atrium in 
1 patient. These observations may help to explain the 
disparities of atrial refractoriness noted in our patients. 
In addition, abnormalities in catecholamine metabolism 
in MVP patients have been previously reported.!! These 
abnormalities alone or in combination with an abnormal 
vagal response could produce the changes in atrial 
refractoriness responsible for AF in patients with 
MVP. 

The clinical significance of AF induced by means of 
premature stimulation in the laboratory is not totally 
clear. Comparing responses of patients with to without 
documented spontaneous AF or atrial fibrillation to 
single atrial extrastimuli, Engel et al!? found vulnera- 
bility to flutter/fibrillation in 7596 of those previously 
documented to have flutter/fibrillation and 36% of pa- 
tients who were symptomatic (likely owing to dys- 
rhythmias) but had not had atrial flutter/fibrillation 
during a recent 24-hour period of monitoring. This 
study did not mention atrial size and other descriptors 
of potential atrial abnormalities in either group of pa- 
tients. Thus, although the group with documented atrial 
flutter/fibrillation would be the one more likely to have 
provokable flutter/fibrillation, both groups would be 
expected to have provokable arrhythmias. Studies 
performed on normal volunteers!? have shown practi- 
cally no tendency to flutter/fibrillation in response to 
single or double atrial extrastimuli. This finding, cou- 
pled with the documented contribution of atrial con- 
duction disease to the development of AF, tend to make 
the disparate responses of the MVP patients, which 
appear potentially related to the different atrial effec- 
tive refractory periods, all the more enlightening. 
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invi INDICATIONS AND USAGE 4 
NÉ E UA Lala has been conditionally approved by the 

— | FDA for the prevention and treatment of angina pectoris due 
to coronary artery disease. The conditional approval reflects 
a determination that the drug may be marketed while further 
investigation of its effectiveness is undertaken. A final evalu- 
cmq we the effectiveness of the product will be announced by 

e FDA. 










- CONTRAINDICATIONS - AN 
.. Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure. 


. WARNINGS 
ric peo with acute myocardial infarction or congestive heart 
- . failure, Transderm-Nitro system should be used under careful 
-Clinical and/or hemodynamic monitoring. 
In terminating treatment of ee patients, both the dosage and 
j ny of application must be gradually reduced over a period 
Of 4 to 6 weeks to ponn sudden withdrawal reactions, which are 
— Characteristic of all vasodilators in the nitroglycerin class. 
— . Transdermal duc systems should be removed before 
- A attempting defibrillation or cardioversion because of the potential 
= for altered electrical conductivity which may enhance the possi- 
bility of arcing, a phenomenon associated with the use of 
defibrillators. 


= PRECAUTIONS 
——— Symptoms of hypotension, such as faintness, weakness or dizzi- 
Hes - ness, particularly orthostatic hypotension may be due to overdos- 
age. When these symptoms occur, the dosage should be reduced 
` er use of the product discontinued. | 
-. Transderm-Nitro system is not intended for immediate relief of 
- anginal attacks. For this purpose occasional use of the sublingual 


-ADVERSE REACTIONS | 
s - Transient headaches are the most common side effect, vane 
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s when higher doses of the drug are used. These headaches shou 
5 be treated with mild analgesics while Transderm-Nitro therapy is 
- —. continued. When such headaches are unresponsive to treatment, 
- .. the nitroglycerin dosage should be reduced or use of the product 
e - . discontinued. 

- . Adverse reactions reported less frequently include hypotension, 
~- increased heart rate, faintness, flushing, dizziness, nausea, 

-. vomiting, and dermatitis. These symptoms are attributable to the 

known Peat a effects of nitroglycerin, but may be symp- 


^d toms of overdosage. When they persist the dose should be 
E reduced or use of the product discontinued. 
— .. DOSAGE AND ADMINISTRATION 


e np. should be initiated with application of one Transderm- 
3 Nitro 5 system to the desired area of skin. Many patients prefer 
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.. extremities. 
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<- Transderm-Nitro 2.5 system is useful principally for ree 
z _ the dosage gradually, though it may provide adequate therapy for 

. . Some patients when used alone. 

- . The optimal dosage should be selected based upon the clinical 
—— response, side effects, and the effects of therapy upon blood 
— pressure. The greatest attainable decrease in resting blood pres- 
- Sure that is not associated with clinical symptoms of hypotension 
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n . decrease adverse reactions, the size and/or number of systems 
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A "how-to-do-it" text/atlas presen 
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2-dimensional echocardiography comple- 
mented by M-mode echocardiography has 
become one of the most common nonin- 
vasive diagnostic tools used by the cardiolo- 
gist. With publication of the ATLAS of 
2-DIMENSIONAL ECHOCARDIOGRAPHY, 
neophyte and expert alike now have 
available to them the most truly usable 
didactic presentation of the subiect ever 
published. 


A true atlas, this book provides in a large 
8/2 x 12 format 251 black and white half 
tones, 152 line drawings and 6 charts which 
ilustrate in exacting detail how to perform 
and interpret 2-dimensional echocarcio- 
grams on patients with existing and/or 
suspected heart disease. The lucid accom- 
panying text leads the reader step-bv-step 
through the entire process, leaving little to 
the imagination. It presents in the most sim- 
pie, direct way possible the broadest range 
of normal and abnormal 2-dimensional 
echocardiograms. The descriptions and 
detailed illustrations in its technical sections 
will ensure the superior level of perform- 
ance of echocardiographic techniques that is 
a sine qua non for good results. 
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Atlas of 
2-Dimension: 
Echocardiogr 


by Alfredo Palacio, MD 


Director of National Institute of Cardiology. 
Foreword by David H. S 
Professor of Medicine, University of Massachi 
school: Director, Division of Cardiology. St. ` 
Worcester, Massachusetts 
ISBN 0-914316-35,4, 198pp., illus. 
8'4 x 12, March '83, $69.00 
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INTERMEDICS 


COSMOS 


THE EASE OF CONTROL 
COSMOS OFFERS YOU 
IS AS UNIQUE AS 
THE HEART IT SERVES. 








Everything you need is at 
your fingertips. 

From the moment you turn on 
the Rx2000 programmer, you'll 
find that everything has been 
done to make your use of 
COSMOS simple, fast, effective 
and safe. 

Pick up the light pen and 
press it to the screen. A full 
display comes to life telling 
you every facet of COSMOS, 
including that the implanted 
pacer is a COSMOS. Program- 
ming the parameters that suit 
your patient's condition is sim- 
ply a matter of pressing the 
light pen to the function you 
wish to change, for example 
Refractory Period, and turning 
the knob on the Rx2000 until 
the desired value appears next 
to the title. Programming 
increments are small, so you 
can easily set the value that's 





The Rx2000 Programmer leads you 
through the COSMOS programming 
sequence step-by-step. 


right for your patient. If chang- 
ing one value affects any 
others, the Rx2000 automat- 
ically tells you about it and 
what to do. And automatic 
control of PMT and crosstalk 
inhibition assures your 
patient's safety. 


Need an explanation? 

Just press the EXPLAIN key and 
a full, plain-English text appears 
on the screen to describe the 
programming procedure. 


The Rx2000 Programmer Wand puts telemetry inquiries and 
programming functions at your fingertips. 


INQUIRE PROGRAM 
TELEMETRY DISPLAY 


PROGRAM 
NOMINAL 
VALUES 
PAPER 
ADVANCE 
SPECIAL SPECIAL 
FUNCTION FUNCTION 
2 3 





Adjusting any COSMOS parameter is as simple as pointing a light pen 
and turning a knob. from implant techniques to 


Now, with all of the par- — Getting to know COSMOS Gente Just ask your Intermedics 
ameters you wish set in place, is even easier. representative to show you the 
just press the PROGRAM DIS-  Intermedics has a complete DDD pacing system as unique 
PLAY button. You're done. range of educational video as the heart it serves. 

i IE Si kos de eodd what cassettes that cover everything 

e patient's as , 
stored in its remarkable mem- V Intermedics lnc. 
ory, select DIAGNOSTIC DATA Our Business is Life. 
and it’s all on the screen. Press Nl red S022 291007 2: D 
a button and it's printed out SEES dde podia RUE c 
for your patient's file. LEG a bac 

It's all that simple. 

Now you're beginning to 
understand why leading physi- 
cians who have already pre- 
scribed COSMOS are making it 
their choice for DDD pacing. 
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ANA 479-01 leads. 


— — -2 = 
reae Ee EE a 


Intended Uses: All intermedics implantable pulse generators are intended for use in long-term cardiac pacing therapy. The applications for long- 
term cardiac pacing are many and varied and are discussed as they apply to the particular pulse generator in the Physicians Manual accom- 
panying the device along with Contraindications, Possible Complications and Precautions. 

The choice of pacing modes and/or programmable features that best meet the therapeutic requirements of the individual patient is at the 
discretion of the prescribing physician. 

For further information, see the Physician s Manual packaged with the pulse generator, or contact your Intermedics Sales Representative or 
Intermedics directly. 
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IS THE CLEAR CHOICE FOR ECG MONITORING. 


Don't let ECG leadwires get in The practical choice. ECG equipment in use todav. Its 
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picture? The choice is clear. For more 
information about CLEAR-LEAD 
adiotransparent leadwires or our line 
of radiolucent electrodes, call or write 
S Quinton Instrument Company, 
2121 Terry Avenue, Seattle, WA 
98121, 1-800-431-1114. 

Telex 3794094. 


Quinton 
instrument co. 


Distributed worldwide 
(01984 Quinton Instrument Company 


LEAD technology, the leadwires and 
electrodes don't interfere with your 
picture so you can position the elec- 
trodes where they'll get the most 
accürate signal possible. 

And because Quinton's supe- 
rior electrode design insures 
a continuous column of 
gel, you'll get a depend- 
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60 internationally prominent contributors provide in 26 papers a comprehensive 
overview of the current thinking on the causes, mechanisms, treatment and com- 
plications of diabetes. 


Featured topics include: 


C] The causes of diabetic inheritance 

O Immune factors of diabetes 

CJ Mechanisms of diabetes (The culmination of 50 years of research) 

C] Autoimmunity 

O New understandings in the mechanisms of insulin dependent and non- 
dependent diabetes mellitus 

O New developments in the treatment of diabetes 

CJ Methods of monitoring blood glucose and the use of glycosylated 
hemoglobin 

O Pharmacology of oral hypoglycemics 

O Use of insulin infusion devices 

C] Human insulin produced by recombinant DNA technology 


If it is important to you in your practice to stay up-to-date on the latest develop- 
ments in Diabetes Mellitus and you need a quick reference on the topic, then this 
is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981, 234 pp., 0-914316-23-0, $35.00 


AJCJ5 
Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 


Please rush me: 
D. — copy(s) of Diabetes Mellitus $35.00 (00023). 


O Enclosed is my check for __________which includes $1.50 for handling. Yorke pays postage. 
C Please bill me plus postage and handling. (U.S. and Canadian residents only.) 
C] Please bill my (3 VISA O MasterCard 


Card No. 
Exp. Date__________M/C Interbank No. 
Signature 
NAME 
ADDRESS 
CITY 
STATE ZIP 


Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders 
must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders 
to be shipped outside the U.S. and Canada. 
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Before prescribing, please see 
full prescribing information. 
A Brief Summary follows: 


INDICATIONS 

Nitroglycerin is indicated for the prophylaxis, - 
treatment and management of patients 
with angina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contra- 
indicated in patients with early myocardial 
infarction, severe anemia, increased intra- 
cranial pressure, and those with a known 
hypersensitivity ro nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effec. | 
rive relief of rhe acute anginal attack 
should be used. Excessive use may lead to 
rhe development of rolerance. Nirrosrar 
tablets are intended for sublingual or buc- 
cal administration and should not be swal- — - 
lowed. The drug should be discontinued ~ 
if blurring of vision or drying of the mouth 
occurs. Excessive dosage of nitroglycerin 
may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immedi- 
ately after use. Vertigo, weakness, palpita- : 
rion, and other manifesrarions of postural 
hyporension may develop occasionally, 
particularly in erect, immobile patients. 
Syncope due ro nitrate vasodilation has 
been reported. Alcohol may accentuate 
rhe cerebral ischemia symptoms. 


METHOD OF ADMINISTRATION 

One robler should be dissolved under rhe 
tongue or in the buccal pouch ar rhe first 
sign of an acure anginal arrack. The dose : 
may be repeated approximately every five 
minures until relief is obrained. Nirrosrar 
may be used prophylactically five toren: — 








minures prior ro engaging in acriviries z ; 
which might precipitate an acute attack. w^ 

E 
HOW SUPPLIED E. 


Nitrostar is supplied in four strengths in E. 
borrles conraining 100 roblers each, with a 
color-coded labels, and in colorcoded £a 
Patient Convenience Packages of four | 
bottles of 25 rablers each. 


0.15 mg (1/400 grain): 2 
N 0071-0568-24 — Dorrle of 100 rablers; E 

N 0071-0568-13— Convenience Package. b 
bs 


0.3 mg (1/200 grain): 
N 0071-0569-24 — Dortle of 100 rablers; 
N 0071-0569-13— Convenience Package: : 


0.4 mg (1/150 grain): 
N 0071-0570-24 — Dortle of 100 roblelg: 
N 0071-057043— Convenience Package. 


0.6 mg (1/100 grain): 
N 0071-0571-24— Dortle of 100 roblers; 


N 0071-057143— Convenience Package. 
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_ (nitroglycerin tablets, USP) 












MI TOO, has built-in prorecrion— 


"s . prote IBITTIOO ycerin. In fact, NITROSTAT is more 

E | stable than conventional Biibolycerin roblers under all conditions , 
b | of temperature and humidity tested. | 
CER Dur rhar' nor all. Average assay still shows berrer than 100% of label 


claim for ar least 60 months after manufacture of NITROSTAT Because 
of this stability NITROSTAT has a five-year expiration dare* 

Whars more, only NITROSTAT Tablets are available in convenient 
packages of 4 x 25 tablets. So emergency angina relief can be ready 
when needed in four different locations. “Because of its rapid action, 
long-established efficacy and low cost, nitroglycerin is the most useful 
drug among rhe organic nitrates that can be given sublingually"' 
NITROSTAT. .. useful alone or as concomitant therapy with long-acting 
s nitrates or propranolol. 


*Five-yeor expiration dare when stored ar recommended storage conditions in an unopened borrle 
Dara on file. Medical Affairs Depr, Parke-Davis 
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Goodman and Gilman's The Pharmacologica! Basis of Theropeurics ed 6. New York Macmillan Publishing Co, Inc, 1980, pp 819.833 4 
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. Prognostic Significance of Exercise-Induced Left Ventricular _ 
Dysfunction in Chronic Aortic Regurgitation D 


DAVID S. GEE, MD, JACK E. JUNI, MD, JOHN T. SANTINGA, MD, 
and ANDREW J. BUDA, MD 


Twenty-three patients with hemodynamically sig- 
nificant aortic regurgitation (AR) underwent gated 
equilibrium radionuclide angiography to assess rest 
and exercise left ventricular ejection fraction 
(LVEF) before and after aortic valve replacement. 
Preoperatively, LVEF decreased from 54 + 3% at 
rest to 45 + 3% during exercise (p <0.001). Two 
patients died at operation. Postoperatively, after Sf 
+ 1.6 months, LVEF was 62 + 5% at rest and 60 + 
4% during exercise (difference not significant). 
Exercise LVEF improved significantly postopera- 


The timing of valve replacement in chronic aortic 
regurgitation (AR) is controversial. Several hypotheses 
have been proposed concerning the development of ir- 
reversible myocardial dysfunction in chronic AR and 
the identification of patients at high risk for surgical 
intervention.!-!! Among these is the suggestion that a 
preoperative decrease in radionuclide left ventricular 
(LV) ejection fraction (EF) may predict a high-risk 
group of patients who may have subsequent deteriora- 
tion in myocardial function after aortic valve replace- 
ment.5-7 We evaluated the rest and exercise LVEF in 
patients with chronic AR before and after aortic valve 
replacement and assessed the prognostic significance 
of a preoperative exercise-induced decrease in LVEF. 


Methods 


Sixty-two patients were identified who had undergone 
aortic valve replacement between 1978 and 1982. Twenty- 
three of these patients met the criteria for inclusion in our 
study: (1) chronic AR with no other significant valvular dis- 
ease, (2) preoperative rest and exercise radionuclide angiog- 
raphy performed within 4 months of valvular replacement, 
(3) cold potassium cardioplegia for myocardial preservation 
during valve replacement, and (4) no history of endocarditis 
or intravenous drug abuse. 

Equilibrium gated radionuclide angiography was performed 
with in vivo labeling of red blood cells.!*!° Patients performed 
symptom-limited, graded, supine exercise on a bicycle er- 
gometer. Rest and peak exercise LVEF were calculated using 


a 
From the Cardiology and Nuclear Medicine Divisions, Department of 
internal Medicine, University of Michigan Medical Center, Ann Arbor, 
Michigan. Manuscript received February 28, 1985; revised manuscript 
received April 18, 1985, accepted April 23, 1985. 

Address for reprints: Andrew J. Buda, MD, Cardiology Division, 
University of Michigan Hospitals, 1405 East Ann Street, Ann Arbor, 
Michigan 48109. 
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tively (p <0.01). The patients were followed for a e 
mean of 30 months (range 1 to 56), after valve re- 
placement and during this period, 13 patients were p. 
in functional class I, 5 patients were in class ll and 
2 patients were in class Ill. One late death occurred UR 
and was unrelated to myocardial failure. Thus, in — 
most patients with AR, exercise LVEF improves after M 
aortic valve replacement. A preoperative decrease 
in LVEF during exercise in patients with signifi- — 
cant AR does not predict a poor postoperative — 
outcome. (Am J Cardiol 1985;56:605-609) 

O 


a commercial semiautomated, edge-detection algorithm to 
determine background-corrected LV counts on a frame-by- 
frame basis. All preoperative radionuclide studies were done — 
within 4 months of surgery and all postoperative studies were 
done no earlier than 6 months after valve replacement. Wall 
motion was assessed by consensus of 2 observers at rest and — 
during peak exercise. 2. 
All patients underwent right- and left-sided cardiac cath- 
eterization preoperatively. In addition to supravalvular and 
biplane LV angiography, coronary arteriography was per- — 
formed in all patients older than 40 years. AR was graded on 
a 4+ scale using standard criteria.!^ 4 
All patients were interviewed concerning their current New 
York Heart Association functional status. The patient's 
functional status and medications being used were reviewed 
at that time. In addition, follow-up on any cardiac-related — 
complications was determined. SA 
Results are reported as mean + standard error of the mean. 4d 
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Standard statistical techniques, including Pearson’s corre- - 3 
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lation coefficient and t tests, were used. m 
Results E 
The results are tabulated in Table I. The study group - i 


J 


included 15 men and 8 women, mean age 55 years (range _ 
26 to 72). The mean known duration of AR was 29 i 
months (range 0 to 144). The cause of AR was rheumatic . 
heart disease in 13 patients, and bicuspid aortic valve . 
with a perforated right cusp in 1 patient; the cause was — 
unknown in 9 patients. Four patients had preyious | 
hospital admissions for congestive heart failure. The . 
predominant symptoms were shortness of breath with . 
exertion in 14 patients, chest pain in 7 patients, and . 
syncope in 3 patients. e 

Preoperative cardiac catheterization data: All a 
patients had at least grade 3/4 AR by aortic root cine- — 
angiography, with a mean severity score of 3.8. The . 


mean cardiac output was 5.8 + 1.6 liters/min and LV 
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end-diastolic pressure was 16 + 2 mm Hg. Six patients 
had 70% or greater luminal stenosis of 1 or more major 
coronary arteries. Two patients each had 1-, 2- and 3- 
vessel disease. 

Preoperative radionuclide angiographic data: 
Preoperatively, LVEF at rest was 54 + 3%, and it de- 
creased significantly with exercise to 45 + 3% (p <0.001) 
(Fig. 1). Only 2 patients, both in New York Heart As- 
sociation functional class II, had an increase in LVEF, 
of 2% and 4%, respectively, with exercise. Analysis of LV 
wall motion showed that wall motion worsened with 
exercise in 12 patients, did not change in 10 patients and 
improved in 1 patient. 

Surgical results: There was only 1 perioperative 
cardiac-related death: a 60-year-old man (patient 17) 
with 3-vessel coronary disease died of intractable ven- 
tricular tachyarrhythmias after an intraoperative 
myocardial infarct. Another patient, a 66-year-old man 
(patient 16), died of respiratory failure caused by bi- 
lateral phrenic nerve paralysis. Twenty-one patients 
had no significant perioperative complications. 

Seven patients received Bjórk-Shiley prosthetic 
valves, 5 received Starr-Edwards valves and 11 received 
porcine valves. All patients with mechanical valves re- 
ceived anticoagulation therapy before discharge from 
the hospital. Of the 6 patients with coronary artery 
disease, 4 underwent concurrent coronary artery bypass 
operation. 

Postoperative radionuclide angiographic data: 
In 13 of the 23 patients, postoperative rest and exercise 
radionuclide angiographic studies were performed. The 
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FIGURE 1. Preoperative change in left ventricular ejection fraction 
(LVEF) with exercise. 
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studies were performed no earlier than 6 months after ut 
aortic valve replacement and at a mean of 9.2 months. A 
Compared with preoperative values, there was no E 
postoperative change in maximal rate-pressure product 
achieved (217 + 10 vs 202 + 14 mm Hg/min X 10?, dif- — 
ference not significant [NS]). The postoperative LVEF 
at rest in these 13 patients was 59 + 2%; it increased to — 
60 + 4% during exercise (NS) (Fig. 2). Pre- and post- 
operative LVEF at rest in these 13 patients was not - 
significantly different, 56 + 4% vs 62 + 5% (p = 0.19). 
However, there was a significant increase postopera- — 
tively in exercise LVEF, from 48 + 4% to 60 + 4% (p E 
«0.01) (Fig. 3). A comparison of pre- and postoperative 3 
wall motion abnormalities showed that there was im- : 
provement in 7 patients, no change in 3 patients, - 
worsening in 1 patient, and inadequate technique pre- - 
cluded comparison in 2 patients. Exclusion of patients - 
with significant coronary artery disease or coronary 
artery bypass grafts did not influence any of the post- ig 
operative results. 

Clinical follow-up: The mean patient follow-up 
period of the 21 surviving patients was 30 months (range - 
1 to 56). The change in New York Heart Association 
functional class is shown in Figure 4. 

There was only 1 late death, a 59-year-old man (pa- - 
tient 18) with Marfan syndrome who died after aortic — 
root replacement 6 months after aortic valve replace- - 
ment. Two patients with mechanical valves had 
cerebrovascular accidents despite therapeutic anti- 


coagulation. 
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FIGURE 2. Postoperative change in left ventricular ejection fraction - 
(LVEF) with exercise. NS — not significant. | 











Ee Discussion 
— A major concern in chronic AR has been the devel- 
- opment of irreversible myocardial dysfunction, which 
. results in late death from congestive heart failure de- 
— Spite technically successful valve replacement. For ex- 
. ample, 78% of late postoperative deaths from 1972 to 
— 1978 at the National Institutes of Health (NIH)? were 
_ related to chronic congestive heart failure. As a result, 
- several prognostic indicators related to LV dimensions 
| - and systolic function have been proposed to aid in the 
| appropriate timing of surgery and in the identifica- 
_ tion of the high-risk patient who may respond poorly 


_ to valve replacement and have late congestive heart 
failure.1-1 
E E . In our study, all asymptomatic patients had a de- 
- crease in LVEF with exercise. Previous studies?-7 have 
- Shown that most asymptomatic and symptomatic pa- 
. tients with chronic AR have an abnormal ejection 
fraction response during maximal supine exercise. It has 
_ been hypothesized that the decrease in radionuclide 
LVEF with exercise may represent an intermediate 
point between normal function and LV dysfunction at 
 rest.? It has been further suggested that an abnormal 
€ xercise ejection fraction response may allow selection 
- of patients for operation after ventricular function has 
- begun to deteriorate, but before myocardial damage has 
. progressed to the point at which postoperative prognosis 
. is poor. However, exercise is a complex intervention 
- that induces changes in preload, afterload and con- 
_ tractility, which may affect ejection fraction variably 
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FIGURE 3. Comparison of preoperative and postoperative rest and 
exercise left ventricular ejection fraction (LVEF). 
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in chronic AR.!^ Thus, it is difficult or impossible to 
differentiate a change in EF in chronic AR because of 
marked loading perturbations from that resulting from 
myocardial degenerative changes. 

The primary finding in our study was that despite a 
decrease in preoperative exercise LVEF, patients with 
chronic AR had an excellent postoperative course. After 
a mean follow-up of 30 months, no patient who survived 
surgery had died or had congestive heart failure. These 
data suggest that exercise-induced LV dysfunction is 
compatible with a good long-term postoperative result 
and does not necessarily predict a poor postoperative 
course. 

There is increasing evidence that exercise-induced 
LV dysfunction in symptomatic patients is often re- 
versible after surgery.7:16.17 In a consecutive series from 
1976 to 1980, 93% of patients who underwent surgery 
at the NIH had an improvement in postoperative ex- 
ercise LVEF.’ In our series, there was a postoperative 
improvement in 64% of our patients. Unlike the NIH 
series, we did not find a significant improvement in the 
rest LVEF, probably because our patients had generally 
better LV function at rest than those of the NIH series. 
However, the long-term prognosis of patients who have 

an abnormal exercise LVEF before surgery has not been 
previously reported. 

Our survival results after aortic valve replacement 
appear better than those previously reported.7.18-20 This 
apparent improvement in survival has several possible 
explanations. First, all of our patients had cold potas- 
sium cardioplegia at the time of aortic valve replace- 
ment, which may have limited perioperative myocardial 
damage. Many data support the concept that advances 
in myocardial preservation techniques during surgery 
have improved postoperative survival.321.22 Second, 
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FIGURE 4. Changes in New York Heart Association functional class 
after valve replacement. 
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most of our patients with coronary artery disease un- 
derwent coronary bypass grafting. Myocardial revas- 
cularization may have improved long-term survival, 
although the benefits of coronary bypass grafting in 
patients with chronic AR remains controversial.?? 
Third, exercise radionuclide abnormalities may have 
influenced the selection of patients for earlier operation; 
6 of 23 patients were asymptomatic and 11 were only 
mildly symptomatic. Recent data from the NIH!’ 
suggest that there is a relation between the duration 
that LV dysfunction has existed and the likelihood that 
this dysfunction is reversible. Patients with earlier de- 
velopment of LV dysfunction are more likely to dem- 
onstrate normalization of LV function postoperatively 
than are patients whose LV dysfunction has been 
present longer than 1 year. None of our patients had 
serial radionuclide studies; thus, this relation may have 
influenced our survival results. 

The precise role of the exercise EF response in pa- 
tients with chronic AR remains to be determined. There 
are limited data on serial studies of rest and exercise 
LVEF in asymptomatic or symptomatic patients with 
chronic AR. Thus, the prognostic significance of a 
change in serial rest and exercise LVEF is uncertain. 
However, our data suggest that an exercised-induced 
abnormality in LVEF is common in patients being 
considered for aortic valve replacement and does not in 
itself predict a poor surgical result. 


Acknowledgment: We gratefully acknowledge Sharon 
Haglund for her secretarial assistance. 
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Clinical and Echocardiographic Observations 


in Pulmonary Valve Endocarditis 


.ANNE-CLAUDE CREMIEUX, MD, SERGE WITCHITZ, MD, MARIE-CHRISTINE MALERGUE, MD, 
MICHEL WOLFF, MD, DANIEL VITTECOCQ, MD, JEAN-LOUIS VILDE, MD, 
JACQUES FROTTIER, MD, PIERRE ETIENNE VALERE, MD, CLAUDE GIBERT, MD, 
and ADRIEN G. SAIMOT, MD 


Clinical and echocardiographic data from 12 pa- 


— tients with pulmonary valve endocarditis are de- 
scribed. Seven patients had isolated pulmonary 
endocarditis and in 5 patients other valves were 
_ infected (aortic, tricuspid, mitral or all 3). Two pa- 


lients were heroin addicts and 4 had underlying 


_ heart disease (congenital heart disease in 3 and 
. aortic regurgitation in 1 patient). The organisms 
involved were alpha streptococci in 3 patients (all 
. with underlying heart disease), Staphylococcus 

aureus in 4, Streptococcus D bovis in 1 patient and 


— Pulmonary valve (PV) endocarditis is rare. Only 47 


cases have been reported since 1960,!-2° most of these 
being 1 or 2 cases of drug addicts or patients with con- 
gential heart disease. We report 12 patients with PV 


= endocarditis. 


Methods 


Twelve cases of PV endocarditis were observed at Claude 


. Bernard and Bichat Hospitals between 1972 and 1984. The 


diagnosis of PV endocarditis was made on the basis that 


. septicemia was present and the PV was affected. PV in- 
volvement was confirmed by anatomic examination (surgery 
or autopsy), echocardiographic images of vegetations or by 


recent PV regurgitation diagnose by auscultation or pulsed 
Doppler echocardiography. 
Echocardiography: Ten patients had echocardiographic 


. examinations (M-mode and 2-dimensional [2-D] in 9 patients 
. and M-mode alone in 1 patient). The echocardiographic ex- 
 amination was done either with a phased-array sector scanner 
- (RT 400) with an M-mode type Irex II or with a mechanical 
_ Sector scanner (ATL Mark 500) with a 3 MHz in-line trans- 
. ducer. PV recording was done in the short-axis view and the 


transducer was placed on the third or fourth intercostal space 


. ina parasternal view visualizing the pulmonary outflow tract. 
_ The valves, the size of the right ventricle and septal motion 
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Candida guillermondii in 1. M-mode and 2-dimen- 
sional echocardiography was performed in 10 pa- 
tients and revealed vegetations in 8. Pulsed Doppler 
echocardiography was performed in 6 patients and 
revealed pulmonary regurgitation in all 6. Seven 
patients had pulmonary emboli. Four patients un- 
derwent surgery. Four patients died, including 1 after 
cardiac surgery. Five patients, including the patient 
infected with Candida guillermondii, recovered with 
antibiotic treatment. 

(Am J Cardiol 1985;56:6 10-613) 


were systematically examined using the usual methods. Sev- 
eral recordings were made during follow-up. 

Diagnosis of vegetations was made when abnormal, shaggy, 
irregular echoes were seen on or near 1 or 2 pulmonary cusps 
and the motion of the cusps was not restricted. 

Six patients underwent 2-D pulsed Doppler echocardio- 
graphic examinations with an ATL Mark 500 mechanical 
scanner, The sample volume (2 mm) was positioned along an 
M-mode line simultaneously with the 2-D image. For the PV 
examination, the sample volume was placed just below the 
pulmonary cusps in a short-view axis. PV regurgitation was 
demonstrated when abnormal positive diastolic turbulence 
was recorded toward the transducer and the pulmonary 
ejection signal moved away from the transducer. 


Results 


The clinical and bacteriologic results are summarized 
in Table I. 

Clinical findings: The patients were 3 to 61 years old 
(mean 34). Eleven patients were men (92%). The pa- 
tients were separated into 2 groups. Group I included 
4 patients with underlying heart disease (congenital in 
3). Group II included 8 patients with primitive PV en- 
docarditis (2 heroin addicts, 2 alcoholics and 4 with no 
predisposing factors). 

Seven patients (59%) had isolated PV endocarditis 
and in 5 patients other valves were infected (aortic in 
1 patient, tricuspid in 2 patients, mitral in 1 and all 3 
valves in 1). 

Fever was present in all cases. A typical PV regurgi- 
tation murmur was found in only 3 patients (25%), all 
in group II. Associated aortic regurgitation masked the 
pulmonary auscultation in 2 other patients. One patient 
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had right-sided congestive heart failure and 1 had 
left-sided heart failure. Seven patients (5996) had septic 
pulmonary emboli. The other signs of endocarditis were 


3 splenomegaly in 5 patients, arthralgia in 2, arthritis in 


1 patient, purpura in 1 and proteinuria in 4. 
The portal of entry was found in 7 patients (Table 
I) 


Bacteriologic findings: Positive blood cultures were 


- found in 9 cases: coagulase-positive staphylococci in 4 


patients, including 1 methicillin-resistant case; alpha 
streptococci in 3; Streptococcus D bovis in 1; and 
Candida guillermondii in 1. Negative blood cultures 
were found in 3 patients who had taken antibiotics 
before hospitalization. 

M-mode, 2-dimensional and pulsed Doppler 
echocardiography: Echocardiography revealed PV 
vegetations in 8 of 10 patients. However, for patients 3, 
4,7 and 8, the first echocardiogram, done on days 31, 14, 
5 and 10, respectively, of the illness, yielded normal 
findings, although a typical diastolic murmur had been 
noted previously in patient 7. In addition, tricuspid 
valve fluttering was observed in patients 9, 10 and 11, 
and paradoxical septal motion with right ventricular 
hypertrophy in patients 9 and 10. Echocardiography did 
not reveal vegetations in patients 11 or 12. Patient 11 
had only an M-mode echocardiogram, which did not 
visualize the PV. In patient 12 the 2-D echocardiogram 
was normal, but the M-mode echocardiogram revealed 
diastolic vibrations, suggesting valve impairment. The 
M-mode and 2-D echocardiographic results for patient 
9 are shown in Figure 1. On day 30, the PV vegetation 
was visible; 48 hours later, the abnormal echoes had 
disappeared. This patient had had several episodes of 


pulmonary emboli. Images of PV vegetation disap- 


peared in patient 2, and remained unchanged in the 
others. 

Six patients had pulsed Doppler echocardiographic 
examinations. PV regurgitation was diagnosed in all 6. 
Figure 2 shows the pulsed Doppler echocardiogram 
from patient 12; a considerable diastolic flow suggestive 
of pulmonary regurgitation is visible. 

Anatomic findings: Anatomic study was possible in 
6 patients (2 autopsies and 4 operations). PV vegeta- 
tions were found in all 6. Vegetations were also found 
on the right ventricle in patient 2, the tricuspid valve in 
patients 2 and 11, the mitral valve in patients 6 and 11 
and the aortic valve in patients 4 and 11. The anterior 
pulmonary leaflet was destroyed in patient 1. 

Treatment and clinical outcome: The illness lasted 
from 8 to 90 days (average 45). All patients were first 
treated with antibiotics 2 to 90 days (average 18) after 
the onset of illness. 

In group I, 3 patients had cardiac surgery: patients 
1 and 4 were cured with antibiotics and underwent 
surgery several months later to correct underlying heart 
disease; patient 2 had surgery after a 40-day course of 
antibiotic treatment, to correct heart disease, persistent 
large vegetations and repeated pulmonary emboli, and 
she recovered; patient 3 had leukemia and also mycotic 
endocarditis, which was cured by antibiotic therapy. 

In group II only 1 patient (no. 11) had surgery, for 
left-sided heart failure owing to aortic regurgitation, but 
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Clinical and Echocardiographic Data 


TABLE | 
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Echocardiogram Pulsed Doppler 
(Vegetations) Echocardiogr 


Other Valve 
Involvement 


Pulmonary 
Embolism 


Portal Other 
of Entry Organism PR Murmur Murmur 


Predisposing 
Factors 


Age (yr) 
& Sex 


Pt 


Group | 


oooo 


PR 
AR, PR 


PV 


PV, TV, Vent. 


0 
TV 
0 

A 


o--oo 
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+(AR) 
Group Il 
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Alpha strep. 
Alpha strep. 
Candida 

Alpha strep. 


Dental 
Dental 
Catheter 


TofF 
PV stenosis 
VSD 
AR 


++o000++0 


=> 
Seo 


AV, TV, MV 
TV 


++++++00 


—À 


oc 
ooooooxo 
+ 


oo++000+4 


0 
0 


Staph. aureus 
0 
mitral valve; PR 


Staph. aureus 
Staph. aureus 
Staph. aureus 
Strep. bovis 


IV 
IV 
Catheter 
Cutaneous 


Alcoholic 
0 
Opiates 
Opiates 
0 
0 
Alcoholic 
0 


pulmonary valve; T of F — tetralogy of Fallot; TR — tricuspid regurgitation; 


pulmonary regurgitation; PV — 


Vent. = ventricle; VSD = ventricular septal defect. 


aortic valve; MV = 


AR = aortic regurgitation; AV 


TV = tricuspid valve; 
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TABLE Il Pulmonary Valve Endocarditis: Comparsion of 
~ Current Study Group with Published Cases 





MTS e Our Group Published Cases 
- . O Category (12 Cases) (47 Cases) 
-Incidence PV 1.596 1.7 96 (Roberts), 
= |E/Total IE 296 (Johnson) 
^ Mean age (yr) 34 35 

53 Primitive PV alone 5 (42%) 9 (1996) 

_ Congenital heart disease 25 96 5196 

.... Opiate addiction 17% 32% 

|. PR murmur 2596 6196 

__ Pulmonary embolism 59% 61% 

... Right-sided CHF 8 96 1296 

. . Recovery 67 96 59 96 


A 
É —.. CHF = congestive heart failure; IE = infective endocarditis; PR = 
pulmonary regurgitation; PV = pulmonary valve. 





~ he died of cardiac tamponade 14 days later. PV endo- 
£ carditis was diagnosed at autopsy in patients 5 and 6. 
_ Patient 10 died suddenly after 24 days of antibiotic 
. therapy, but autopsy was not possible. Four other pa- 
1 tients were successfully treated with antibiotic 


__ therapy. 
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FIGURE 1. Two-dimensional and M-mode echocardiograms from patient 
9. Top, day 30. A shaggy abnormal echo is present on the posterior 
pulmonary cusp. Bottom, day 32. The vegetation has disappeared. AO 
= aorta; LPA = left pulmonary artery; PV = pulmonary valve; RPA = 
right pulmonary artery; RV = right ventricle. 
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Surgery involved insertion of bioprostheses on the 
pulmonary and aortic valves for patient 4, resection of 
the PV in patient 1 and resection of PV vegetations in 
patients 2 and 11. 


Discussion 


The PV is the valve the least often involved in infec- 
tive endocarditis. We found 47 reported cases since 1960 
(Table II). However, the frequency of PV endocarditis 
apparently has increased. In our series, 10 of 12 cases 
were observed between 1982 and 1984, and the number 
of reported cases increases regularly. This is probably 
partly because of better diagnosis. In our study, PV 
endocarditis accounts for 1.5% of patients admitted for 
infective endocarditis. Roberts and Buchbinder?! es- 
timated that PV endocarditis accounts for 1.796 of fatal 
endocarditis cases; Johnson et al! reported that PV 
endocarditis accounts for 276 of endocarditis in subjects 
younger than 25 years. In addition, necropsy studies of 
endocarditis in heroin addicts?1539 show that the PV 
is involved one-tenth as often as the tricuspid valve. 
Five of our patients (42%) had PV involvement alone 
without underlying heart disease. Only 9 patients (19%) 
so affected have been reported previously.16-18.22-26 py 
endocarditis was more common in patients with con- 
genital heart disease!-!4 and in heroin addicts?-11.15-20 
than in our series (Table II). 

When PV endocarditis affected a healthy heart, a 
virulent organism, often Staphylococcus, was usually 
found. However, when patients with congenital heart 
disease were affected, the causative organism was often 
alpha Streptococcus. Gonococcus, formerly considered 
to be a frequent organism in PV endocarditis,?! is now 
seldom found; 2 cases have been reported since 1960.25.26 
To our knowledge, our patient 11 is the first case of 
myocotic PV endocarditis. 
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FIGURE 2. Pulsed Doppler echocardiogram from patient 12. Abnormal 
diastolic turbulence is recorded just below the pulmonary cusps. 
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gitation was not always detected; it may be masked by 
the murmur because of aortic regurgitation. Right-sided 
congestive heart failure was found in only 5 pa- 
tients.5™%812 In 4 patients this was a result of partial 
or total obstruction of the PV caused by a large 


vegetation. 


'The first echocardiographic diagnosis of PV vegeta- 
tion was by Kramer et al?? in 1977. Since then, 16 cases 
have been reported,?13-14.17,18,20,25,26 10 of which were 


- confirmed by histopathologic study. In 2 of our patients 


the echocardiographic examination did not detect PV 
vegetations. Patient 9 did not undergo 2-D echocar- 
diographic examination. Two-dimensional echocardi- 


_ ography is more sensitive than M-mode echocardiog- 


raphy for detecting PV vegetations.!^ PV vegetations 


- were not visualized in patient 10, but valve impairment 


was. Vegetations can be observed a few days after the 
onset of symptoms, and often remain after the endo- 
carditis has been cured. 

In our study, tricuspid valve fluttering was not always 
observed in the diagnosis of pulmonary regurgitation 
(3 of 10 patients), but pulsed Doppler echocardiography 


. was extremely sensitive (all 6 cases). 


The clinical course of PV endocarditis depends 


— mainly on which valves are associated. In other reports, 
the 10 patients with PV endocarditis and left-sided 


heart involvement? 9:11.14,15,20,21,27-?? and the 7 patients 


with PV endocarditis and congenital heart dis- 
ease?468.114 who did not undergo surgery died. 
However, 7 of 8 patients who received drug treat- 
ment for primitive PV endocarditis, whether isolated 
or associated with tricuspid endocarditis, recov- 
ered 2.16.17,22,23,26 

In PV endocarditis without left-sided cardiac 
involvement or congenital heart disease, drug treatment 


usually suffices; surgery is advisable in the case of failure 


to treat bacterial infection or in right-sided heart failure 


- (usually owing to obstruction of the PV). Pulmonary 


emboli do not, in our experience, justify surgery in PV 
endocarditis or in tricuspid endocarditis.?? Surgery of 


- the PV either involves excision of the vegetations or 


partial or total excision of the PV if it is destroyed. Re- 
sidual pulmonary regurgitation is generally well toler- 


— ated.?? Valve replacements are rarely carried out. 
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CARDIOMYOPATHY 





Echocardiographic and Doppler Flow Observations 
in Obstructed and Nonobstructed 
Hypertrophic Cardiomyopathy 


JULIUS M. GARDIN, MD, ALI DABESTANI, MD, GORDON A. GLASGOW, MD, 
SAMUEL BUTMAN, MD, CORA S. BURN, RN, and WALTER L. HENRY, MD 


. Some investigators have suggested that left ven- 


tricular (LV) ejection is completed much earlier than 
normal in patients with hypertrophic cardiomyopathy 


(HC), whether or not a LV outflow gradient is 
. present, and they have therefore concluded that LV 
_ ejection is not impeded in HC, but merely ends early 
. because of early completion of LV emptying. This 


possibility was examined using pulsed Doppler 


. echocardiography to record ascending aortic flow 


velocity patterns in 20 patients with HC, 12 with 
evidence of LV outflow gradient at rest (obstructed 
HC) and 8 without evidence of a significant resting 


s gradient (nonobstructed HC). Peak aortic flow ve- 


locity was similar in patients with nonobstructed HC 
(92 + 26 cm/s) and those with obstructed HC (94 


__ + 26 cm/s) and in 20 normal subjects (92 + 11 


cm/s). However, mean ejection time measured from 


. the aortic flow velocity tracing or aortic echogram 


was longer in those with obstructed HC (345 + 30 


. ms) than in those with nonobstructed HC (296 + 24 
. ms, p <0.02) and in normal subjects (294 + 19 ms, 


. Studies of patients with hypertrophic cardiomyopathy 


(HC) and left ventricular (LV) outflow obstruction have 


— shown that a greater percentage of blood than normal 
. isejected into the aorta by the left ventricle during the 
_ first half of systole.!-5 One explanation for this finding 
. is that blood is ejected normally in early systole, but by 
. midsystole, subaortic obstruction occurs, which impedes 
. ejection of blood into the aorta. A second explanation 
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p <0.01). Furthermore, a rapid decrease in aortic 
flow velocity in midsystole was seen in 11 of 12 
patients with obstructed HC, but in none of the pa- 
tients with nonobstructed HC or normal subjects. 
Doppler left atrial flow velocity recordings, obtained 
in 11 patients, demonstrated mitral regurgitation in 
4 of 5 patients with obstructed HC but in none of 6 
patients with nonobstructed HC. The temporal 
relation between the decrease in Doppler aortic flow 
velocity, the peaking of Doppler mitral regurgitant 
flow, and the onset of mitral valve-septal contact 
in midsystole—as well as observations regarding 
LV internal dimensional changes— suggest that the 
early deceleration of aortic blood flow in the patient 
with obstructed HC is not merely a result of early 
completion of mechanical systole by a hyperdy- 
namic left ventricle. Rather, midsystolic aortic flow 
deceleration is at least in part a result of the anterior 
leaflet of the mitral valve impeding LV outflow and 
causing ejection of blood by an alternate route into 
the left atrium. (Am J Cardiol 1985;56:614-621) 


is that the left ventricle ejects most, if not all, of its blood 
volume in early systole, and therefore cannot eject more 
blood into the aorta in the second half of systole. 
Arguments for the second explanation are based on 
studies that suggest that in patients who have HC 
without LV outflow gradients (nonobstructed), LV 
ejection is completed early.?? 

To further examine the mechanism of LV ejection in 
patients with obstructed and nonobstructed HC, we 
used M-mode echocardiography (echo) and combined 
Doppler/2-dimensional (2-D) echo to evaluate the 
relation between changes in LV dimension, motion of 
the aortic and mitral valves, and blood flow velocity 
patterns in the ascending aorta and left atrium. 


Methods 


Patients: Nonobstructed hypertrophic cardiomyopathy: 
Eight patients (7 men, 1 woman) aged 14 to 67 years (mean 
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Le echocardiograms that showed asymmetric septal hypertrophy; 
— specifically, a ventricular septal thickness of more than 18 mm 
pe . and a ratio of ventricular septal to LV free wall thickness of 
a ‘more than 1.3 to 1 when thicknesses were measured in diastole 
po. - below the mitral leaflet tips (Table I). Although some patients 
T _ had mild systolic anterior motion (SAM) of the mitral valve 
— insystole, in no patient was it severe enough to cause the mi- 
. tral leaflet to come close to contacting the ventricular septum 
- insystole. The presence of asymmetric septal hypertrophy was 
confirmed in all patients by 2-D echo. Four of the 8 patients 
had at least 1 family member with documented HC. Four 
_ patients underwent cardiac catheterization which confirmed, 
-in all 4 cases, the absence of a significant (more than 10 mm 
Hg) LV outflow tract gradient at rest. In addition, all 4 had 
less than a 30 mm Hg gradient after provocative maneuvers 
. such as isoproterenol, amy] nitrite, the Valsalva maneuver and 
- postpremature ventricular beat. All 4 also underwent LV 
- angiography, which demonstrated a thick-walled left ventricle 
ex! with near obliteration of the cavity at end-systole. Thus, 7 
_ patients had either a positive family history or catheterization 
confirmation of the disease. Two patients with nonobstructed 
E -HC were taking 8-blocking drugs (propranolol), but none was 
.— taking calcium-channel blockers. 
= Obstructed hypertrophic cardiomyopathy: The group 
— of patients with obstructed HC consisted of 5 men and 7 
— women, aged 16 to 70 years (mean 39). All 12 patients had an 
— M-mode echo demonstrating asymmetric septal hypertrophy 
and SAM of the mitral valve sufficient to produce prolonged 
systolic contact between the anterior mitral leaflet and the 
E ntcicular septum.*-!? The echo time period index proposed 
by Pollick et al!? was used to estimate the LV outflow tract 
— gradient by the following equation: Pressure gradient (mm 
 Hg)- 25 (index) + 25, where index = duration of SAM-septal 
e contact (ms) divided by the time from onset of SAM to onset 
-of SAM-septal contact (ms) (Table I). The presence of 
-— asymmetric septal hypertrophy and septal-mitral contact 
_ during systole was confirmed by 2-D echo in all patients. 
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-. FIGURE 1. M-mode echocardiogram from patient 4, with obstructed 
hypertrophic cardiomyopathy, labeled to demonstrate left ventricular 
— (LV) dimensional and time measurements. Asymmetric septal hyper- 
- trophy and systolic anterior motion of the mitral valve are present. S-MV 
|. = ventricular septal-mitral valve. 


2 3), constitute this group (Table I). All patients had M-mode 
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Eight of the 12 patients had at least 1 family member with 
documented HC. Four patients in this group had undergone 
cardiac catheterization and each had an LV outflow gradient 
at rest of 30 mm Hg or greater (Table I). Eleven patients with 
obstructed HC were taking -blocking drugs (propranolol); 
none was taking calcium-channel blockers. 

Normal subjects: Doppler data obtained in the patients 
with obstructed and nonobstructed HC were compared with 
data previously obtained in 20 normal subjects. These normal 
subjects consisted of 12 men and 8 women, ages 21 to 46 years 
(mean 28).!! 

M-mode echocardiography: M-mode echocardiograms 
were obtained in the supine or left lateral decubitus positions 
using a 2.25-MHz, medium-focus transducer with a com- 
mercially available echocardiographic module interfaced to 
a strip-chart recorder (Fig. 1). Ventricular septal and LV free 
wall thickness and LV internal dimensions were measured in 
all patients and normal subjects as recommended by the 
American Society of Echocardiography.!? In the 12 patients 
with obstructed HC, 2 additional measurements were made, 
the time from onset of the QRS complex to initial contact 
between the mitral valve and the ventricular septum and LV 
internal dimension at the time of initial contact between the 
mitral valve and the ventricular septum (Fig. 1). 

In 11 of the 12 patients with obstructed HC, adequate M- 
mode echograms of the aortic valve were obtained. From these 
echograms, measurements were made from the onset of the 
QRS complex to the onset of aortic valve opening, maximal 
midsystolic partial closure of the aortic valve leaflets, and 
aortic valve closure. 

Stop-frame images of the mitral and aortic valve echograms 
were recorded in the patients with HC at the equivalent of 100 
mm/s paper speed. 

Doppler echocardiography: All Doppler echo studies 
were performed with patients at rest using a commercially 
available ultrasound instrument (Electronics for Medicine/ 
Honeywell Corp.). Using a mapping technique previously 
described, pulsed Doppler flow velocity recordings were made 
in the ascending aorta in all 20 patients with HC and 20 nor- 
mal subjects!! (Fig. 2). The aortic flow velocity signal used for 
analysis was that characterized by the greatest maximal flow 
velocity. 

Peak aortic flow velocity, acceleration time, average accel- 
eration, ejection time and a deceleration time index were 
measured in all patients and normal subjects.!! Peak flow 
velocity was determined as the midpoint of the Doppler flow 
spectrum at the time of maximal flow velocity. Acceleration 
time was measured from the onset of ejection to the time of 
peak flow velocity. Average acceleration was calculated by 
dividing peak flow velocity by acceleration time. Ejection time 
was measured from the onset to the end of ejection. In 5 pa- 
tients, 3 with obstructed HC, the end of ejection was difficult 
to determine from the Doppler aortic flow velocity tracings. 
In these 5 patients, data for the ejection time were taken from 
the aortic valve echogram. A Doppler deceleration time index 
was measured as the time required to decelerate from peak 
flow velocity to 75% of peak flow velocity. In addition, each 
aortic flow velocity curve was examined for the presence or 
absence of a contour characterized by a marked decrease in 
aortic flow velocity in midsystole with a low flow velocity in 
mid- to late systole. 

In 5 patients with obstructed and in 6 with nonobstructed 
HC, Doppler flow tracings were recorded behind the mitral 
valve in the left atrium using an apical 2-chamber or apical 
4-chamber 2-D echo image (Fig. 2). Left atrial flow velocity 
recordings were examined for evidence of mitral regurgitation 
as indicated by abnormal systolic retrograde flow into the left 
atrium. In 9 additional patients, left atrial flow velocity could 
not be measured from the apical approach because the range 


whereas a ‘‘mapping’’ technique 


CHANGE IN LEFT VENTRICULAR DIMENSION IN MILLIMETERS 


FIGURE 2. Method of recording flow 
velocity patterns in the ascending 
(ASC) aorta and left atrium (LA). Two- 
dimensional (2-D) echo imaging in an 
apical 2-chamber (or 4-chamber) view 
is used to position pulsed Doppler 
sample volumes in the left atrium, 


2-D DOPPLER 
TRANSDUCER 


(without imaging) is used to record as- 
cending aortic flow velocity. 


-of our pulsed Doppler instrument limited flow recording to 


a maximal sample depth of 16 cm. 

Statistical comparisons: Comparisons of Doppler data 
among the 3 subgroups (normal subjects, patients with non- 
obstructed HC and those with obstructed HC) were made 
using an analysis of variance. A Student t test was used to 
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FIGURE 3. Relation between onset of systolic mitral valve (MV)-septal 
contact and left ventricular (LV) internal dimensional changes in 12 
patients with obstructed HC. Left, change in LV dimension from time 
of onset of the QRS complex to time of initial MV—septal contact. 
Middle, change in LV dimension occurring from onset of the QRS to 
end of mechanical systole. Right, change in LV dimension from onset 


- of the QRS to the time of septal-MV contact as a percent of total change 


in LV internal dimension that occurs from time of onset of QRS to end 
of mechanical systole. Mean + SD is shown to the right of each panel. 
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compare aortic and mitral valve echo timing measurements, 
or aortic valve echo and Doppler aortic flow timing measure- 
ments in the same patient.!? 


Results 


Table I is a summary of some of the clinical, M-mode 
echocardiographic and Doppler data in the patients 


with obstructed and nonobstructed HC. The septal ii x 


NON-OBSTRUCTIVE 
NORMAL HC 
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FIGURE 4. Left, aortic valve (AoV) echogram (top) and ascending aortic 
(Ao) flow velocity recording (bottom) in a normal subject. Echocar- 
diographic and Doppler flow velocity recordings are matched so that 
the preceding RR intervals are within 20 ms of each other. Vertical lines 
are drawn at approximately the onset of the QRS complex and at the , 
time of aortic leaflet closure on the aortic valve echogram. Aortic flow 
begins simultaneous with aortic valve opening, has a smooth limb of 
acceleration and reaches peak velocity before midsystole. Normal 
deceleration exhibits a somewhat wider spectrum of flow velocities, 
but a smooth contour, and ends simultaneous with aortic valve closure. 
Right, aortic valve echogram (top) and aortic flow velocity recording 
(bottom) from the same patient as in Figure 2, with nonobstructed hyper- 
trophic cardiomyopathy. Midsystolic partial closure is absent on the 
aortic valve echogram and there is a normal aortic flow velocity contour. 











ey anaes 
= ratio was at least 1.7 in each of these patients. 
— Left ventricular dimensional changes in ob- 
"t4 ‘structed hypertrophic cardiomyopathy: Figure 3 
e shows the relation between SAM of the mitral valve and 
=~ changes in the LV dimension (minor-axis shortening) 
: dn the patients with obstructed HC. The average change 
EN TX dn LV dimension at the onset of septal-mitral valve 
; : - contact as a percent of the total LV dimensional change 
_ during electromechanical systole was 58% (range 20 
E x to 76%). 
— Doppler aortic flow velocity recordings: Normal 
tE -subjects and papet with nonobstructed hypertrophic 


: x : B. cases have the same contours and temporal rela- 
“a y tion. Specifically, aortic flow begins at the time of aortic 
— valve opening and shows a smooth acceleration phase 
a E a peak velocity occurring before midsystole. The 
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. FIGURE 5. Top, aortic valve echogram from a patient with obstructed 
KC, bottom, aortic flow velocity tracing from the same patient. The 
ey - aortic valve echogram and flow velocity recording are matched so that 
| B the preceding RR intervals are within 20 ms of each other. Character- 
dA ‘istic partial midsystolic closure is seen on the aortic valve echogram. 
5 i Vertical lines are drawn at the time of onset of QRS complex, Doppler 
1 Jf va midsystolic flow velocity nadir, and end of ejection on the Doppler 
velocity tracing. The nadir in midsystolic aortic flow velocity occurs 
at about the time of maximal midsystolic partial closure of the posterior 
. . aortic leaflet (noncoronary cusp), but well before aortic valve closure. 
The end of ejection on the Doppler tracing occurs nearly simultaneous 
A s aonje» valve ione: 
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deceleration phase also exhibits a smooth contour— 
without a midsystolic rapid deceleration in flow veloc- 
ity—and ends at the time of aortic valve closure. There 
is no midsystolic partial closure present on either aortic 
valve echogram. Aortic peak flow velocity, average 
acceleration, ejection time and deceleration time 
index were not significantly different between the 
normal subjects and the patients with obstructed HC 
(Table I). 

Patients with obstructed hypertrophic cardiomy- 


opathy: In contrast to the normal subjects and patients. 


with nonobstructed HC, a rapid decrease in aortic flow 
velocity was noted in midsystole in 11 of 12 patients 
with obstructed HC (Fig. 5 and 6). One patient with 
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FIGURE 6. Temporal sequence of systolic events in obstructed hy- 
pertrophic cardiomyopathy. Dashed vertical lines are drawn at the onset 
of QRS, onset of systolic anterior motion-septal contact, midsystolic 
aortic flow velocity nadir, and end of ejection on the aortic flow velocity 
recording. Flow velocity recorded in the left atrium near the level of the 
mitral valve shows turbulent systolic flow consistent with mitral 
regurgitation (bottom). M-mode echocardiogram at the level of the mitral 
valve shows septal-mitral valve contact (middle). Ascending aortic flow 
velocity recording shows a rapid midsystolic flow velocity deceleration 
(top). These 3 records, from patient 12, were matched such that the 
preceding RR intervals were within 20 ms of each other. 
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JS “(Table D. y vide mean ejection time was 
eT in patients with obstructed HC (mean 345 + 30 


: tha in in those with nonobstructed HC (296 + 24 


on ids, p <0.02) and the normal subjects (294 + 19 ms, 

0.01) (Fig. 7). There was no significant difference in 

tion time between the patients with nonobstructed 

ind normal subjects, even after ejection time was 

cc rected for heart rate using a formula described by 
. . Weissler et al!* for external carotid pulse tracings. 

By Ve also measured ejection time from the aortic valve 

_ ech hogram in the same patients (Fig. 4 and 5). Paired 

asurements of ejection time calculated from Doppler 

f dei i c flow tracings and from aortic valve echograms 


E we e n ot significantly different. In 13 of the 14 patients, 


! & A = ion time measured by the 2 methods did not differ 
ede Dy e than 20 ms. 
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tients with obstructed HC. - ME un 

M-mode echo/Doppler aortic flow reli ns} 
in obstructed hypertrophic cardiomyopath : Fig gl re 
8 is a summary of the temporal relations me en the 
onset of mitral valve-septal contact, aortic valve mid- - 
systolic partial closure, the initial nadir in Doppk ol 
velocity and total electromechanical systole as me e 
from the onset of QRS to end of ejection. In the | 
tients with obstructed HC and rapid midsystolic 
crease in aortic flow velocity, the time from : on: set o 
QRS to initial systolic contact of mitral valve and lse A 
tum averaged 218 ms (range 135 to 300), while the time - 
from onset of QRS to maximal midsystolic parti i all 
sure of aortic valve leaflets averaged 244 ms (ran je 
to 350). These 2 measurements were siatistica si 

and suggest that the onset of septal-mitral valve contac 
and midsystolic partial closure on the or valv 
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FIGURE 8. Temporal sequence of M-mode echocardiog EU ti c anc 
Doppler aortic flow velocity events in patients with obstructiv e hy 
trophic cardiomyopathy. The 4 panels show data for the time f 

of QRS complex to the onset of mitral valve-septal act (S/ 

aortic valve partial midsystolic closure vee (^ VM 
NOTCH), midsystolic nadir on the Doppler aortic 
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E Doppler aortic flow velocity curve averaged 284 ms 
Be (range 195 to 355) which was an average of 40 ms after 
E. . midsystolic partial closure on the aortic valve echogram 
. and 66 ms after the onset of mitral valve-septal contact. 
i - The time from onset of QRS to end of ejection averaged 
— 417 ms (range 360 to 495). Thus, the time from onset of 
— QRS to onset of mitral valve-septal contact, aortic valve 
i  midsystolic partial closure, and midsystolic flow velocity 
nadir all averaged between one-half and two-thirds of 
... the time of total electromechanical systole. 
E — Left atrial flow velocity recording: Doppler flow 
-velocity tracings were recorded in the left atrium in 5 
».. patients with obstructed and 6 patients with nonob- 
Ea structed HC. Four of 5 patients with obstructed HC, but 
none of 6 patients with nonobstructed HC, had mitral 
i i regurgitation. Figure 6 (bottom) is a left atrial flow ve- 
M locity recording from patient 12, who had obstructed 
Y HC. Diastolic flow above the 0 line represents blood flow 
i _in the normal direction from left atrium to left ventricle; 
.. turbulent systolic flow above and below this line rep- 
te resents regurgitant flow into the left atrium. Mitral 
regurgitation (intensity of turbulence) is most prom- 
be _ inent after the time of septal-mitral valve contact. 
Summary of temporal sequence in obstructed 
— hypertrophic cardiomyopathy: Figure 6 shows the 
: sequence of events in a patient with obstructed HC. All 
-... 8 records, from the same patient, were matched such 
— that the preceding RR intervals for each beat were 
5 - within 20 ms of each other. The onset of LV posterior 
— wall motion and the onset of aortic ejection were initial 
.. and near-simultaneous events. The next event was the 
.. attainment of peak aortic flow velocity, followed by the 
3 . onset of mitral valve-septal contact and turbulent flow 
— inthe left atrium, and the rapid deceleration of aortic 
— blood flow velocity in midsystole. Mitral regurgitation 
. is recorded until just before the end of mitral valve- 
~- septal contact. 


Re Discussion 


Our echo Doppler studies demonstrate several dif- 
_ ferences between patients with obstructed HC and 
_ those with nonobstructed HC. First, although Doppler 
.. ascending aortic flow velocity patterns in patients with 
` nonobstructed HC and normal subjects were similar, 
_ patterns in patients with obstructed HC differed from 
_ those in normal subjects and patients with nonob- 
— structed HC. Specifically, the abnormal flow pattern, 
- .seen in 11 of 12 patients with obstructed HC, consisted 
- of a rapid decrease in aortic flow velocity in midsystole, 
and was not seen in any of the patients with nonob- 
~ structed HC or normal subjects. Quantitatively, the 
_ patients with obstructed HC had a higher mean ejection 
. time (345 ms) than those with nonobstructed HC (296 
ms, p <0.02) or normal subjects (294 ms, p <0.01). 
— Furthermore, the deceleration time index (i.e., the 
time from peak to 75% of peak flow velocity) was 
— significantly shorter in patients with obstructed HC than 
-~ in those with nonobstructed HC or normal subjects 
(p <0.001). 
'The abnormal pattern of aortic blood flow velocity 
in patients with obstructed HC was first described by 
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Hernandez et al,? who ibd intraaortic pressure gradient — 
recordings. They noted that peak velocity occurred in 
early systole and was followed by an abrupt decrease in 
flow velocity at midsystole, with a diminished late sys- 
tolic velocity. Other investigators, using electromagnetic 
flowmeters in patients with obstructed HC, have 
reported similar findings in the aorta? and brachial 
artery.® 

Joyner et all? used continuous-wave Doppler to rec- 
ord phasic carotid artery flow transcutaneously in 12 
patients with obstructed HC. All of their patients 
showed a rapid rise to a peak in early systole, an abrupt 
decrease in carotid flow velocity in midsystole and a 
slow late systolic flow wave. Boughner et al! used a 
continuous-wave Doppler transducer in the supra- 
sternal notch to record flow velocity in the aortic arch 
in 3 patients with HC.!6 In 1 patient with a LV outflow 
gradient at rest, the aortic flow velocity pattern was 
characterized by a sharp early peak followed by a rapid 
decrease in velocity in midsystole, and a second lower 
peak in late systole. In 2 patients with HC without an 
LV outflow gradient, a normal aortic flow velocity 
tracing was noted. 

As in these studies, we also found, in the patients with 
obstructed HC, an initial peak in flow velocity followed 
by a fall in midsystole to a lower velocity in late systole 
and in our patients with nonobstructed HC, a normal 
flow velocity pattern. The early reduction of ascending 
aortic blood flow velocity in the patients with obstructed 
HC does not appear to be merely a result of early com- 
pletion of mechanical systole by a hyperdynamic left 
ventricle. This conclusion is supported by several ob- 
servations. First, ejection time as measured by 2 inde- 
pendent methods (Doppler aortic flow velocity curves 
and aortic valve echograms) was longer in patients with 
obstructed HC than in those with nonobstructed HC or 
normal subjects. Second, LV minor-axis shortening on 
M-mode echo continued after both the initial mitral 
valve-septal contact and the midsystolic nadir of aortic 
blood flow velocity. Third, analysis of left atrial flow 
velocity recordings indicated that early deceleration of 
aortic blood flow velocity in midsystole appears to be 
a result of SAM of the mitral valve, which also results 
in mitral regurgitation.!7?185 Wigle et al!’ found that all 
33 of their patients with HC and LV outflow gradients 
had evidence of mitral regurgitation by indicator- 
dilution techniques. !” 

Our findings differ from those recently reported by 
Murgo et al.? They studied 30 patients with HC and 29 
patients with no evidence of cardiovascular disease. LV 
angiograms were recorded in all patients. A multisensor 
catheter was used to determine ascending aortic flow 
velocity electromagnetically as well as high-fidelity LV 
and aortic pressures. The 30 patients with HC included 
9 with intraventricular pressure gradients at rest, 12 
with pressure gradients only with provocation, and 9 
with no pressure gradients despite provocation. These 
investigators found no significant differences between 
any of the 3 HC subgroups in either aortic ejection time 
or the time during which forward aortic flow occurred 
as a percentage of total systolic ejection period. They 
concluded that outflow obstruction, as traditionally 
defined by the presence of an abnormal intraventricular 
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pressure gradient and systolic anterior motion of the 
mitral valve, does not impede LV outflow in HC. 

Although Murgo et al concluded that LV ejection 

times were not different in patients with obstructed HC, 
those with nonobstructed HC and normal subjects, their 
actual mean values for ejection times were similar to our 
measurements. In their study, systolic ejection times, 
measured from electromagnetic flow analysis, averaged 
322 + 32 ms in the group with LV gradients, 292 + 28 
ms in the group without gradients, and 286 + 32 ms in 
normal subjects. Ejection times in our study averaged 
345 + 30 ms in the group with obstructed HC, 296 + 24 
ms in the group with nonobstructed HC and 294 + 19 
ms in normal subjects. When Murgo et al measured 
ejection times using frame-by-frame analysis of LV 
angiograms, they found a highly significant difference 
(p <0.001) between values in HC patients with gradients 
(356 + 53 ms), and both HC patients without gradients 
(303 + 13 ms) and normal subjects (278 + 36 ms). T'wo 
other studies have found ejection time to be signifi- 
cantly greater than normal in patients with HC and LV 
outflow gradients.*:!9 

There are several possible explanations for the dif- 
ferent conclusions reached by us and Murgo et al. First, 
not all patients with HC in our study underwent cardiac 
catheterization. However, all had asymmetric septal 
hypertrophy (septal-free wall ratio of 1.7 or greater and 
an absolute septal thickness of at least 19 mm), as well 
as echo evidence suggesting an LV outflow tract pres- 
sure gradient of 45 mm Hg or greater (using the ob- 
struction index of Pollick et al!?). In view of the pub- 
lished experience showing a good correlation between 
echo and angiographic observations in HC, the lack of 
catheterization data in every patient in the present 
study probably does not account for the differences 
between the 2 studies. Moreover, 7 of the 8 patients with 
nonobstructed HC in the current study had either a 
positive family history or catheterization confirmation 
of the disease. A second difference between the 2 studies 
is that Murgo et al used angiographic and electromag- 
netic flow measurements to estimate ejection time, 
whereas we used measurements from the Doppler flow 
tracings and aortic valve echograms. Also, conclusions 
about LV shortening were made from angiographic 
measurements in their study, whereas our conclusions 
are based on dimensional changes measured from 
echocardiograms. 

It is important to consider 2 factors that theoretically 
may have played a role in the longer mean ejection time 
in the patients with obstructed HC compared with 
values in patients with nonobstructed HC and normal 
subjects. First, both the patients with obstructed and 
nonobstructed HC were older (mean 39 to 43 years, re- 
spectively) than the 20 normal subjects (mean age 28 
years). However, in a recent preliminary report, age had 
no effect on the aortic ejection time measured from 
Doppler aortic flow velocity tracings in 95 subjects 


without evidence of cardiovascular disease.?? Second, EC 
the fact that 11 of the 12 patients with obstructed HC — 
were taking propranolol, whereas only 2 of the 8 patients — - 


with nonobstructed HC were taking this drug, may have 


resulted in the longer mean ejection time in the patients E 


with obstructed HC. However, heart rates were not 


significantly different between patients with obstructed _ 


HC (mean 64 + 10 beats/min) and those with nonob- 


structed HC (58 + 9 beats/min). Furthermore, no pa- — 
tient taking propranolol had evidence of a subnormal  : 


LV ejection fraction by echo or LV angiography. Con- 


sequently, although propranolol treatment may have .. 
had some effect, it is unlikely that it was responsible for  . 


the significant differences in ejection time between our. 


patients with obstructed HC and those with and non- Et 


obstructed HC. dos 
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tables. Number all pages in the above sequence, beginning with the 
M title page as 1, the abstract as 2, and so on. (Leave the second title page 
_ and the miniabstract unnumbered.) Type on 22 X 28 cm (8.5 X 11 inch) 
E paper, only on 1 side of each sheet, double-spaced (including refer- 
Ner 












AE 


AR: ences), with at least 25-mm (1-inch) margins. 
E: The second title page, on which the names and institution of the 
P d authors are omitted, gives the Editor-in-Chief the option of acquiring 
blinded or nonblinded reviews. References to the institution in the text 
SN ^ or to the author's previous work in the Reference section must be de- 
= leted or written in a manner that prevents identification of the authors 
k and the institution. Label figures with the manuscript title rather than 
... the authors’ names so that blinded reviews can be solicited. The authors 
_ should state which type of review they wish in the covering letter; this 
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For successful monotherapy in angina 


Recent evidence’ has shown that optimal results 
. with ISORDIL (isosorbide dinitrate) are achieved 
when the entire dosage range is utilized: Start with 
10 or 20 mg q.í.d. before meals and at bedtime and 
increase to 30 mg q.i.d. or until an optimal result is 
obtained. 


ISORDIL TITRADOSE 


. (ISOSORBIDE DINITRAT E) wionez me ims 





Effects of upward dosage titration in a double-blind cross- 
over study of patients with angina pectoris in whom ISORDIL 
reduced the number of anginal attacks by 50% or more. 


Percent of Patients Optimally Controlled’ 
Percent of Responders Percent of All Patients 
(cumulative) (cumulative) 


TUS Pat Nos. 3883647 and D224591 (Titradose®) 
1.Hill JA, Feldman RL, Pepine CJ, Conti CR: Randomized double-blind comparison of nifedipine and 
isosorbide dinitrate in patients with coronary arterial spasm. Am J Cardiol 1982; 49:431-438. 
© 1984 Ives Laboratories Inc. ®) 
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ISORDIL 
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DINITRATE) 


Contraindications: Hypersensitivity or idiosyncrasy to this 
drug or other nitrates or nitrites. 

` Warnings: Benefits of use during the early days of an acute 
myocardial infarction have not been established; if used in 

- early infarction, hemodynamic monitoring and frequent 

Clinical assessment should be made because of the poten- 
tial deleterious effects of hypotension. 
Precautions: General. Severe hypotensive response, por- 
ticularly with upright posture, may occur even with small 
doses; therefore use caution in subjects with blood volume 
depletion from diuretic therapy or with low systolic blood 
pressure (eg, below 90 mm Hg). Paradoxical bradycardia 
and increased angina pectoris may accompany nitrate- 
induced hypotension. Nitrates may aggravate angina 
caused by hypertrophic voici CEN. Tolerance to this 
drug and cross-tolerance to other nitrates and nitrites may 
occur. Marked symptomatic, orthostatic hypotension has 
been reported when calcium channel blockers and organic 
nitrates were used in combination; dose adjustment of 
either class of agents may be necessary. There are reports 
of anginal attacks being more easily provoked and o 
rebound in hemodynamic effects soon after nitrate with- 
drawal; when therapy is being terminated, withdraw the 
drug gradually rather than stopping it abruptly. 
Information for Patients. Headache may occur during ini- 
tial therapy; it is usually relieved by standard headache 
remedies, or by lowering the dose, and tends to disappear 
after the first week or two of use. 
Drug Interactions. Alcohol may enhance any marked sen- 
sitivity to the hypotensive effect of nitrates. Isosorbide 
dinitrate acts directly on vascular smooth muscle; there- 
fore, any other agent that depends on vascular smooth 
muscle as the final common path can be expected to have 
decreased or increased effect, depending on the agent. 
Carcinogenesis, Mutagenesis, Impairment of Fertility. No 
long-term studies in animals have been performed. 
Pregnancy Category C. Use during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 

-. Nursing Mothers. It is not known whether this drug is 


- excreted in human milk; because mony drugs are 
d 


excreted in humon milk, caution should be exercised in 

nursing women. 
Pediatric Use. Safety and effectiveness in children have not 
- been established. 
Adverse Reactions: Adverse reactions, particularly head- 
ache and hypotension, are dose related. At various doses, 
the following have been observed: 
Headache is the most common (average occurrence about 
25%) and may be severe and persistent. Cutaneous vaso- 

- dilation with flushing may occur. Transient episodes of 
dizziness and weakness, as well as other signs of cerebral 
ischemia associated with postural hypotension, may occa- 
sionally develop (the incidence of reported symptomatic 
hypotension ranges from 2% to 36%). An occasional indi- 
vidual will exhibit marked sensitivity to the hypotensive 
effects of nitrates, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration, and collapse) 
may occur even with the usual therapeutic dose. Drug rash 


and/or exfoliative dermatitis may occasionally occur. Nausea 


. and vomiting appear to be uncommon. 
Overdosage: Treatment. Prompt removal of the ingested 
material by gastric lavage is reasonable but not docu- 
-mented to be useful. Keep the patient recumbent in a shock 
pastion and comfortably warm. Passive movements of the 
-extremities may aid venous return. Administer oxygen and 
- artificial respiration if necessary. If methemoglobinemio 
is present, administer methylene blue (1% solution), 1 to 
2 mg/kg intravenously. WARNING: Epinephrine is ineffec- 
tive in reversing the severe hypotensive events associated 
with overdose. |t and related compounds are contraindi- 
- cated in this situation. 
Consult direction circular before prescribing. 
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Every Cardiologist, Internist, Pediatri- 
cian, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic 
Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons 
Why This is so Essential: 


* !/^ of all pre-excitation cases are 
misdiagnosed. 

e 5% to 10% of all tachycardias in 
adults are produced by pre-excitation. 

* [n % of all infants under 10 months 
of age with life-threatening tachycar- 
dias, the tachycardias are actually 
secondary to pre-excitation. 

* !/^ to % of all children with pre- 
excitation have an additional heart 
disease. 


Starting with Wolff, Parkinson and 
White's classic paper, this book gives a 
comprehensive summary of all impor- 
tant facts of pre-excitation, plus the 
authors' personal experiences of follow- 
up studies on patients through many 
decades. It also brings a broad view of 
the literature and discusses the different 
structural and physiological aspects 
which form the pathomechanism of 
pre-excitation. 


“What is offered richly in this book is 
a methodical and comprehensive 
analysis of virtually all currently 
available knowledge on the subject. 
This is done with an admirable even- 
handedness, dealing objectively with all 
viewpoints but at the same time 
evaluating relative strengths and 
weaknesses of each observation and 
hypothesis. There is brought a wisdom 
here which only time and experience 
can provide. The encyclopedic 


Libi Sherf, MD, FACC 
Henry N. Neufeld, MD, FACC 
1978, 288 PAGES, 110 ILLUS., 1,000 REF. 





references alone would make the book 
invaluable to anyone seriously in- 
terested in the Wolff-Parkinson- White 
syndrome. But when knowledgeable 
discussion and personal observations 
are added, it is genuinely a monumental 
contribution to clinical cardiology and 
cardiac electrophysiology. "' 


Thomas N. James, MD 


The Mary Gertrude Waters Professor 
of Cardiology and Chairman of the 
Department of Medicine, The Uni- 
versity of Alabama in Birmingham, 
and Physician-in-Chief, University of 
Alabama Hospitals 


The 13 Chapters Are a 
Comprehensive Summary 
1. General Considerations 
2. The Electrocardiogram in the Pre- 
excitation Syndrome: Complexes 
and Configurations 
3. The Electrocardiogram in the Pre- 
excitation Syndrome: Disturbances 
of Rate and Rhythm 
4. Pathology 
5. Noninvasive Methods of Investi- 
gation 
. Invasive Methods of Investigation 
. Prognosis 
. Treatment 
. Problems of Diagnosis — Some 
Illustrative Cases 
10. Summary of Findings and Hua 
of Pre-excitation Syndrome | 
11. Concept of Interacting Structural 
and Functional Factors 
12. Explanation of Some Phenomena 
of the Pre-excitation Syndrome by 
the Proposed Concept 
13. Various QRS Patterns in the 
Different Forms of Pre-excitation 
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Yorke Medical Books 


Box C-757, Brooklyn, New York 11205 
Please send me a copy of THE PRE-EXCITATION SYNDROME at $38.00. I may use the book for 
1 30 days and if not completely satisfied, return it for full credit or refund. 
CJ Bill me plus cost of shipping (U.S. & Canada only) 
C Payment enclosed, publisher pays for shipping 


O Charge my credit card 
C] MasterCard O Visa 


Expire date 


Card No. 
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ADDRESS 
CITY/STATE/ZIP 
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Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All i 
foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please i 
add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 
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preparation system Quik-Prep™ be- 
cause it makes prepping the patient 
faster. But one look at the traces on 


Like the name says, Quik- 
Prep’s fast. In most cases, ten elec- 
trodes can be prepped in less than 





the right will tell you we could have three minutes. 
named it Stable Baseline Prep. Both You save expensive technician 
traces were from the same patient, Unprepped skin, time every test. And you won't 


the same day, with the same Bruce Test Stage 4 (4.2 MPH, 16% Grade) 


à waste either time or supplies repeat- 
equipment. 


ing tests because the skin wasn't 


i properly prepped. That gives 
mer read better Quik-Prep a lower cost-in-use than 
RASEN i most standard electrodes. 
Proper skin preparation is the We d like to show you how 
key to stable baselines. And Quik- Ouik-Prep’s skin preparation system 
Prep is the key to proper skin Quik-Prepped Skin, can give you better ECG traces, more 
preparation. Bruce Test Stage 4 (4.2 MPH, 16% Grade) efficiently. For a free demonstration, 
Quik-Prep’s patented applicator call Quinton at 1-800-431-1114 or write 3 
rotates the center ofa special pre-gelled pared so you get stable ECG baselines, us at 2121 Terry Ave., Seattle, WA | 
silver-silver chloride electrode. By mea- — test after test. 98121 © Telex 3794094. | 
suring the electrical impedance of the What's more, Quik-Prep won't - nt 
skin electrode combination, it literally overabrade the skin, so your patients will Qui on 
senses when the skin is properly pre- have less pain, less anxiety, less trauma. instrument co. 
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NO HESITATIO 
EN FUKUDA DENSHI 
3 | UND: THE ALARM. 


It's imperative to have full confidence in 
your patient monitors to make accurate, split 
second decisions. 

If your present system is prone to false 
alarms, everything else that equipment 
displays falls under a cloud of suspicion. 

We don't think it's asking too much to 
have patient monitors that function as prom- 
Ised. That's why we're dedicated to perform- 
ance that deserves your complete trust. 





From the comprehensive range of Fukuda 
Denshi instruments, you can choose the 
optimum combination of parameters at 
the right price. 

For a fast and accurate grasp of a patient's 
condition, every monitor displays a precise 
picture of vital signs on an ultra-high resolu- 
tion screen. At the central station, each 
parameter Is color coded for positive identifi- 
cation. And numerical data are shown bold 
and large to be instantly recognized. 

Simple, straightforward operation of our 
monitors is assured by careful human 
engineering. So you can easily utilize all the 
advanced features of a Fukuda system with- 
out delay or confusion. 





L 


In patient monitoring, confidence is every- 
thing. And with unsurpassed standards of 
reliability and accuracy, Fukuda Denshi has 
been building confidence for more than 
45 years. 

For detailed information on the complete 
line of Fukuda medical 
instrumentation, 
call us toll-free at 
1-800-453-5736. 





Introducing the new Dynascope DS-1060 & DS-1030 
series monitors. They join the proven DS-800 & DS-1100 
to give you full flexibility in configuring a system. From 
3 parameters to 6 parameters, modular or pre-config- 
ured, hardwire or telemetry. 








ntravenous Lopressor is now accepted as basic protoco 














for acute MI in more than 350 hospitals. 





Reduces 3-month mortalit 


Reduces incidence of ventricular fibrillation 





Reduces duration of chest pain and need for analgesics 
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Please see last page for Brief Summary of Prescribing Information. 
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The combination of early intravenous administration of | 3 
opressor followed by long-term oral therapy resulted in a | 






















3696 reduction of three-month mortality in patients with " 
definite or suspected acute MI in the Göteborg Trial. ' E 
Alternatively, oral treatment can begin within 3 to 10 da 23 


Lopressor is contraindicated in patients with a heart rate —45 beats/min; significant heart block greater than first degree ( P-R interval 


70.24 sec); systolic blood pressure <100 mmHg; or moderate-to-severe cardiac failure. Please see last page for Brief Summary of T 
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T S Tablets 

— Lopressor? Ampuls 
metoprolol tartrate 

C BRIEF SUMMARY 

= (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE 

~ INSERT) 


INDICATIONS AND USAGE 
— Myocardial Infarction 


=. inthe treatment of hemodynamically stable patients with 
definite or suspected acute myocardial infarction to reduce 
cardiovascular mortality. Treatment with intravenous 

—— . . Lopressor can be initiated as soon as the patient's clinical 
==- Condition allows (see DOSAGE AND ADMINISTRATION, 

=  CONTRAINDICATIONS, and WARNINGS). Alternatively, treat- 
= ment can begin within 3 to 10 days of the acute event (see 
CREE . DOSAGE AND ADMINISTRATION). 


- CONTRAINDICATIONS 


—  . Myocardial Infarction 

v Cardiac Failure: Sympathetic stimulation is a vital compo- 
< . nent supporting circulatory function, and beta blockade 

= carries the potential hazard of depressing myocardial con- 

= tractility and precipitating or exacerbating minimal cardiac 

E [d failure. 

+ During treatment with Lopressor, the hemodynamic status 
= Ofthe patient should be carefully monitored. If heart failure 
== Occurs or persists despite appropriate treatment. Lopressor 
^ should be discontinued. 

"c ~ Bradycardia: Lopressor produces a decrease in sinus 
PX ta heart rate in most patients; this decrease is greatest among 

- - - patients with high initial heart rates and least among patients 
~- . With low initial heart rates. Acute myocardial infarction 

^. (particularly inferior infarction) may in itself produce signifi- 
~ ~ Gant lowering of the sinus rate. If the sinus rate decreases 
to < 40 beats/min, particularly if associated with evidence 
. . 0f lowered cardiac output, atropine (0.25-0.5 mg) should be 
administered intravenously. If treatment with atropine is not 
—' . successful, Lopressor should be discontinued, and cautious 
E .. administration of isoproterenol or installation of a cardiac 
i -pacemaker should be considered. 

d "i . AV Block: Lopressor slows AV conduction and may 

=- Produce significant first- (P-R interval =0.26 sec), second-, 

~ Or third-degree heart block. Acute myocardial infarction also 

_ produces heart block. 

= If heart block occurs, Lopressor should be discontinued 

- .. and atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful. 
cautious administration of isoproterenol or installation of a 

~~ Cardiac pacemaker should be considered. 

d Hypotension: \t hypotension (systolic blood pressure 

e = 90 mmHg) occurs, Lopressor should be discontinued. 

= andthe hemodynamic status of the patient and the extent of 

3 te myocardial damage carefully assessed. Invasive monitoring 

^. of central venous, pulmonary capillary wedge, and arterial 

E pressures may be required. Appropriate therapy with fluids, 

~ — positive inotropic agents, balloon counterpulsation, or other 

—— treatment modalities should be instituted. If hypotension is 

associated with sinus bradycardia or AV block, treatment 

-— Should be directed at reversing these (see above). 

- . —. — Bronchospastic Diseases: PATIENTS WITH BRONCHO- 

— SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 

- BETA BLOCKERS. Because of its relative beta, selectivity, 

. Lopressor may be used with extreme caution in patients 

.. with bronchospastic disease. Because it is unknown to what 
=~ extent beta,-stimulating agents may exacerbate myocardial 

. . ischemia and the extent of infarction, these agents should 
hot be used prophylactically. If bronchospasm not related 
ae ee heart failure occurs, Lopressor should be 
~ discontinued. A theophylline derivative or a beta, agonist 
d .. may be administered cautiously, depending on the clinical 
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condition of the patient. Both theophylline derivatives and 
beta, agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with 
impaired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following 
meals. If a dose should be missed, the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
physician. 

Patients should know how they react to this medicine 
before they operate automobiles and machinery or engage in 
other tasks requiring alertness. Patients shoulc contact the 
physician if any difficulty in breathing occurs, and before 
surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor. 

Laboratory Tests 

Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conductec to 
evaluate toxic effects and carcinogenic potential. In a 1-year 
study in dogs, there was no evidence of drug-induced toxicity 
at or below oral dosages of 105 mg/kg per day. In 2-year 
studies in rats at three oral dosage levels of up to 800 mg/kg 
per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiving 
the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung 
tumors, nor in the overall incidence of tumors or malignant 
tumors. This 21-month study was repeated, and no statis- 
tically or biologically significant differences were observed 
between treated and control mice of either sex for any type 
of tumor. 

Pregnancy Category B 

Reproduction studies have been performed in rats at doses 
up to 55.5 times the maximum daily human dose of 450 mg 
and have revealed no evidence of impaired fertility or 
teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg), and distribution 
studies in mice confirm exposure of the fetus when Lopressor 
is administered to the pregnant animal. There are no 
adequate and well-controlled studies in pregnant women 
Because animal reproduction studies are not always predic- 
tive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 

Pediatric Use 

Safety and effectiveness in children have not been 
established. 
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ADVERSE REACTIONS 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in — : 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- — 
nations, headache, dizziness, visuai disturbances, confusion, 
and reduced libido have also been reported, but a drug 
relationship is not clear. 
Cardiovascular: In the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
MACOLOGY section, the following adverse reactions were 
reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
(systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block ^ 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been 
reported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been E 
reported with other beta-adrenergic blocking agents and 

should be considered potential adverse reactions to 

Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching 
and sore throat, laryngospasm, and respiratory distress. 
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Primary Acute Pericardial Disease: A Prospective Series 
of 231 Consecutive Patients 


G. PERMANYER-MIRALDA, MD, J. SAGRISTA-SAULEDA, MD, and J. SOLER-SOLER, MD 





A series of 231 patients with “primary” acute peri- 
cardial disease (acute pericarditis or tamponade 
presenting without an apparent cause) were studied 
according to the following protocol: general clinical 
and laboratory studies (stage |), pericardiocentesis 
(stage Il), pericardial biopsy (stage Ill) and blind 
antituberculous therapy (stage IV). In 32 patients 
(14%) a specific etiologic diagnosis was obtained 
(13 with neoplasia, 9 with tuberculosis, 4 with col- 
lagen vascular disease, 2 with toxoplasmosis, 2 with 
purulent pericarditis and 2 with viral pericarditis). 
"Diagnostic" pericardiocentesis (32 patients) was 
performed when clinical activity and effusion per- 
sisted for longer than 1 week or when purulent 
pericarditis was suspected, whereas “therapeutic” 
pericardiocentesis (44 patients) was performed to 
treat tamponade; their diagnostic yield was 6% and 
29%, respectively. “Diagnostic” biopsy (20 pa- 
tients) was carried out when illness persisted for 


longer than 3 weeks, whereas “therapeutic” biopsy 
was performed whenever pericardiocentesis failed 
to relieve tamponade; their diagnostic yield was 5% 
and 54%, respectively. The diagnostic yield differ- 
ence between ‘diagnostic’ and "therapeutic" 


procedures was significant (p « 0.001); in contrast, 


the global diagnostic yield of pericardiocentesis 
(1996) and biopsy (22%) was similar. At the end 
of follow-up (1 to 76 months, mean 31 + 20), no 
patient in whom a diagnosis of idiopathic pericarditis 
had been made showed signs of pericardial disease. 
It is concluded that a “diagnostic” procedure is not 
warranted as a routine method, a choice between 
"therapeutic" pericardiocentesis and biopsy is 
circumstantial and must be individualized, and only 
through a systematic approach can a substantial 
diagnostic yield be reached in primary acute peri- 
cardial disease. 

(Am J Cardiol 1985;56:623-630) 





Clinical and pathologic features of acute pericardial 
disease have been known for many years.!-? By contrast, 
the approach to the etiologic diagnosis in several peri- 
cardial syndromes is not well established. The most 
frequently disquieting dilemma for the clinical cardi- 
ologist is the patient with acute pericardial disease 
without an apparent cause (primary acute pericardial 
disease). Most patients have self-limited clinical fea- 
tures and do not constitute a major problem of man- 
agement, despite an unrecognized cause in most cases; 
however, in many patients the illness is not self-limited, 
and in many of such patients even an extensive workup 
is likely to result in negative etiologic conclusions. The 
possibility of life-threatening, treatable disease makes 
etiologic diagnosis a very important issue. In particular, 
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tuberculous pericarditis is sometimes a very difficult 
diagnosis, and its early identification is necessary for 
successful treatment. This situation may easily lead to 
a useless, long-term antituberculous therapy; it is made 
worse by the controversial indications*^? for pericardi- 
ocentesis and open pericardial drainage with biopsy. 
Dispute has mainly been based on the risk and thera- 
peutic value of closed needle pericardiocentesis com- 
pared with surgical drainege, with less emphasis on the 
diagnostic capabilities of both procedures. General 
agreement as to the safest and most sensitive approach 
to the etiologic diagnosis of acute pericardial disease is 
not found in published reports; in fact, attempts to 
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analyze this common clinical problem are surprisingly _ d 


scarce.? We believe that some clarification can be pro- 
vided by the prospective application of a systematic 
study in a large group of patients with primary acute 
pericarditis and cardiac tamponade. 


Methods 


The present study is composed of 231 consecutive patients 
(176 males, 55 females, aged 8 to 85 years, mean 41) who were 
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TABLE! Stage I: Diagnostic Yield 

Type Pericarditis No. 
Tuberculous 4 
Viral 2 
Rheumatic 2 
Toxoplasmic 2 
Collagen vascular—disease 2" 
Neoplastic (lymphoma) 1 
Total 13 





* Systemic lupus erythematosus (1 case); hypereosinophilic syn- 
drome associated to Churg-Strauss vasculitis (1 case). 


admitted to the Cardiology Service from January 1977 to 
October 1983 with acute pericarditis or cardiac tamponade 
or both. Patients with postinfarction or postpericardiotomy 
syndromes, chronic pericardial effusion or chronic constrictive 
pericarditis were not included in the study. Patients with 
pericarditis associated with renal failure, known neoplastic 


. disease, trauma or radiation were not included. Acute peri- 


carditis was diagnosed when at least 2 of the following criteria 
were present: characteristic chest pain, pericardial friction rub, 


. and serial repolarization changes on the electrocardiogram. 


Cardiac tamponade was diagnosed when there were clinical 
signs of venous hypertension or paradoxical pulse (inspiratory 


. decrease of arterial pressure >10 mm Hg)’ associated with 
. echocardiographic evidence of pericardial effusion in the 


absence of any other form of heart disease. 

Study protocol: All patients were prospectively studied 
according to the following study protocol (Fig. 1). 

Stage I—general studies and echocardiogram: In this 


- stage, the following studies were carried out: complete clinical 


history, physical examination, electrocardiography, chest 
x-ray film, rheumatoid factor, specific serologic test for 
toxoplasmosis (immunofluorescent antibodies), tuberculin 


_ skin test (purified protein derivative 10 u) and virologic 


studies (viral cultures in pharyngeal swabs and feces). In pa- 


_ tients with tamponade, suspicion of pericardial effusion or 


‘illness lasting for more than 1 week, the following investiga- 
tions were performed: echocardiography, tubercle bacilli in- 
vestigation in 3 samples of sputum or gastric aspirate, blood 


culture, agglutinin titer against Brucella melitensis, and 


antinuclear antibody determination. In addition, any other 


. routine study suggested by the initial examination was 


performed. 
Stage II—pericardiocentesis: Pericardiocentesis was 


performed under the following circumstances: (1) cardiac 
_ tamponade, (2) clinical suspicion of purulent pericarditis, and 


(3) illness lasting for more than 1 week, with echocardio- 
graphic evidence of anterior and posterior pericardial effusion. 
In this study, pericardiocentesis was considered “therapeutic” 
if it was performed after the first indication; it was considered 


. “diagnostic” if it was performed for the other 2 indications. 
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. FIGURE 1. Study protocol. The protocol consists of 4 stages at different 


intervals. ''Diagnostic" pericardiocentesis (P-CENTESIS) and biopsy 


are scheduled at 1 and 3 weeks (w), respectively, after hospital ad- - 


mission. ‘‘Therapeutic’’ procedures can be carried out at any time of 


. the clinical evolution (arrows). 


Pericardiocentesis was carried out either through subxiphoid 
or intercostal approaches. The following studies were carried 
out in the pericardial fluid: packed red cell volume, total 
proteins, lactic acid dehydrogenase, culture in ordinary and 
Lówenstein media, viral studies (culture in cellular lines HEP 
2 and VERO, and in fibroblasts of human embryo lung), direct 
search for tubercle bacilli (Ziehl-Nielsen stain) and cytologic 
examination. When quickly relapsing or grossly hemorrhagic 
pericardial effusion was observed, the appropriate studies to 
rule out neoplastic disease were instituted. 

Stage III—surgical biopsy of the pericardium: Pericardial 
biopsy was performed under 2 circumstances: (1) as a part of 
a therapeutic procedure (surgical drainage) in patients with 
severe tamponade relapsing after pericardiocentesis (“ther- 
apeutic" biopsy), and as a diagnostic procedure (“diagnostic” 
biopsy) in patients with an illness more than 3 weeks in du- 
ration after hospital admission and without etiologic diagnosis 
having been reached by previous procedures. Pericardial bi- 
opsy was performed after 1 week of treatment with isoniazide 
(400 mg/day) and streptomycin (1 g/day); this treatment was 
discontinued 1 week after biopsy unless tuberculosis was 
demonstrated. Biopsy was carried out by the subxiphoid ap- 
proach. Histologic and bacteriologic study of the biopsy 
specimen and study of the pericardial fluid (as previously 
described) were performed. Other studies to rule out neoplasia 
were also done. 

Stage IV: If fever and pericardial effusion of unknown or- 
igin persisted for more than 5 to 6 weeks, and did not lead to 
tamponade or constriction, blind antituberculous treatment 
was considered. 

Pericardiectomy: Pericardiectomy was performed under 
the following circumstances: evolution to constrictive peri- 
carditis, persistence of tamponade after surgical drainage, and 
relapsing pericarditis with frequent and disabling episodes. 

Treatment: Patients were treated only with bedrest and 
nonsteroidal antiinflammatory drugs unless a specific cause 
was found. 

Follow-up: Patients were seen in the outpatient clinic at 
3 months, 6 months, 1, 2 and 5 years after hospital discharge, 
or more often as indicated by clinical evolution. After 5 years, 
follow-up was interrupted in patients with normal findings. 


Results 


Stage I: Pericardial effusion was present by classic 
echocardiographic criteria? in 124 of 231 patients (54%). 
The diagnostic yield of this stage is listed in Table I. 
Tubercle bacilli were found in sputum (culture in 
Lówenstein medium) in 4 patients. In 2 of the 33 unse- 
lected patients in whom viral cultures were performed, 
Coxsackie B virus was isolated from pharyngeal swabs 
and feces. In 110 unselected patients, serologic studies 
for toxoplasmosis were performed; 2 patients had a 
characteristic immunofluorescent antibody curve or 
positive IgM antibody, which allowed a diagnosis of 
active toxoplasmosis; in the other 10 patients, an im- 
munofluorescent antibody titer (100 IU or higher) was 
found, but no serial studies or search for IgM antibodies 
were performed, and therefore the diagnosis of ac- 
tive toxoplasmosis is doubtful. These 10 patients have 
been included in the group with acute idiopathic 
pericarditis. 

Stage II: Eighty pericardiocenteses were performed 
in 76 patients (Table II). In 9 patients (12%), pericar- 
diocentesis was unproductive; only 1 major complication 
was observed (hemopericardium secondary to right 
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TABLE II Pericardiocentesis: Diagnostic Yield 
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No. of Pts Nonprod. 4 
“Diagnostic” 32 (42%) 9 2 (6%) 
“Therapeutic” 44 (58%) 0 13 (2996)! T cei, 
T 34 Total |. 76 (10096) 9 15 (1996) 79% 98% 7 
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. TABLE Ill Stage Il: Diagnostic Yield 
f " Type Pericarditis NO. 
jS E Neoplastic 


Tuberculous 
a Purulent 
( Collagen vascular disease 
Total 
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ventricular laceration, needing surgical treatment with 
uneventful recovery). 

3 E: “Diagnostic” pericardiocentesis was performed i in 32 
"n patients (in 31 for illness longer than 1 week and in 1 for 
— suspicion of purulent pericarditis). In 2 patients, posi- 

_ tive diagnostic data were obtained: positive culture for 
_ tubercle bacilli and purulent exudate, respectively. The 
= only false-negative diagnosis corresponded to a patient 
— in whom lymph node biopsy specimen and subsequent 
pericardiectomy revealed tuberculosis. 
“Therapeutic” pericardiocentesis was performed in 
44 patients. Diagnostic data were obtained in 13 pa- 
tients: neoplastic cells (9 cases), positive culture for 
tubercle bacilli (2 cases), purulent exudate (1 case), and 

_hypereosinophilic exudate (1 case). Three of the 31 

negative results were false-negative; in subsequent 

. studies they were shown to correspond to tuberculous 

x pericarditis (1 case) and neoplastic pericarditis (2 cases: 

cardiac angiosarcoma and metastasic carcinoma, re- 

A spectively). One patient had a positive culture for tu- 

- bercle bacilli, but a diagnosis of neoplasia had been 

| . made in the cytologic examination of the effusion; this 

— latter finding is considered to be a false-positive diag- 
- nosis for purposes of specificity calculation. 

— [n this stage, an etiologic diagnosis could be estab- 
lished in 15 patients (Table III), although in 2 of them 
. (1 with hypereosinophilic syndrome and 1 with lym- 

phoma) it had been already made in stage I; conse- 
. quently, in stage II 13 new true-positive diagnoses were 
= made (Table IV). On the other hand, there were 4 
i. _ false-negative diagnoses (2 patients with tuberculous 

. and 2 with neoplastic pericarditis) and 1 false-positive 
. diagnosis (neoplastic pericarditis being diagnosed by 
e cytologic examination in a patient with tuberculous 
ae Sensitivity and specificity of pericardio- 
. centesis were 79% and 98%, respectively. 
b: - The global diagnostic yield of pericardiocentesis was 
5 19% (15 of 76 patients) (Fig. 2); however, “diagnostic” 
5, rol had only a diagnostic yield of 6% (2 


= 
^4 


* One patient in this group corresponds to a patient with tubercle bacilli in Lówenstein medium, in whom 
is of neoplasia had been made in the cytologic examination of the pericardial fluid (flase positive 


Nonprod = nonproductive pericardiocentesis; Sen. = sensitivity; Spec. = specificity; + = positive 
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TABLE IV Global Diagnostic Yield E 

New f | v. x 

No. of Pts Diagnoses Diagnoses | * Eo 

Stage I 231 13 ijs. M 

Stage Il 76 15 13 x5 

Stage Ill 31 7 1 oM 

Stage IV LUE OU 0 0 M 

Pericardiectomy 15 6 2 

Other procedures Ab’ ai 3 
Total Ho lucis AP dur 777 NM 
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patients), whereas the diagnostic yield of “therapeutic” 
pericardiocentesis was 29% (13 patients). E 
Stage III: Surgical pericardial drainage with biopesab 
was carried out in 31 patients (Table V). No complica- — 
tions were observed. b. 
*Diagnostic" biopsy (20 patients): The only posi- — — 
tive result (5%) was in a case of tuberculous pericarditis. — 
One false-positive result was observed in a patient 
whose biopsy specimen was interpreted as metastatic ^ 
adenocarcinoma, and who remained symptom-free and 
without evidence of pericardial disease or neoplasia 4 
years afterward. One false-negative result was observed — - 
in a patient with gastric carcinoma. E E. 
“Therapeutic” biopsy (11 patients): “Therapeutic” | M 
biopsy yielded 6 positive diagnoses (54%): neoplástisa 


P -CENTESIS E 
p— 19 * | 










*35 % 


L-22 % — 


* P < 0,001 BIOPSY Sr 
FIGURE 2. Diagnostic yield of pericardiocentesis (P-CENTESIS) and . 
biopsy. Shaded areas represent the rate of positive diagnostic data. — 
Although the diagnostic yield of pericardiocentesis and biopsy are j 
similar (19% and 22%, respectively), there is a significant difference — 
(p <0.001) when ‘‘therapeutic”’ (T) and ‘‘diagnostic’’ (D) Proce, (SH 
are compared (3596 and 696, respectively). | A b. 
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TABLE V Biopsy: Diagnostic Yield 


* False positive. 
t False negative. 
* Inadequate specimen. 


" 


a. 
a 


TABLE VI Stage Ill: Diagnostic Yield 





Type Pericarditis 





Neoplastic 
Tuberculous 
Purulent 
Total 


False positive 
False negative 
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~ pericarditis (3 cases), purulent pericarditis (2 cases) and 


m 
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nal 


_ tuberculous pericarditis (1 case). A false-negative re- 
_ sult was observed in 1 patient with cardiac angiosar- 
. coma in whom diagnosis was made in a subsequent 
|... pericardiectomy. 


On the whole, 7 true-positive diagnoses (Table VI) 


» were made in stage III, but only 1 was a new diagnosis 
— (Table IV). Sensitivity and specificity of pericardial 
— biopsy were 78% and 95%, respectively. The global di- 
A . agnostic yield of pericardial biopsy was 22% (7 of 31 
patients); however, the yield of “therapeutic” biopsy 
-~ was 54% and of “diagnostic” biopsy only 5% (Fig. 2). 


The global diagnostic yield (Fig. 2) of “therapeutic” 


_ procedures (pericardiocentesis and biopsy) was 35% (19 


true-positive diagnoses in 55 procedures), whereas di- 
agnostic yield of “diagnostic” procedures was 6% (3 


. true-positive diagnoses in 52 procedures). The differ- 


ence between both rates is statistically significant (p 


— «0.001). 


Stage IV: No patient reached stage IV. Accordingly, 


—— . in no patient was blind antituberculous chemotherapy 


instituted. 
Pericardiectomy: Pericardiectomy was performed 


in 15 patients (as a result of constrictive pericarditis in 


9). Pericardiectomy resulted in diagnostic data in 6 


~ patients (Table VII). In 2 patients the diagnosis had not 


been previously made (Table IV). There was 1 false- 
positive diagnosis (1 patient with a pathologic diagnosis 


_ of neoplasia in whom absolutely uneventful long-term 


follow-up led to the diagnosis of idiopathic pericarditis) 
and 1 false-negative diagnosis (purulent pericarditis). 

Invasive extracardiac procedures: In 3 patients, 
etiologic diagnosis was made by means of the following 
stüdies (1 case each): lymph node biopsy (squamous 
carcinoma), pleural biopsy (tuberculosis) and gas- 


. trointestinal study with subsequent operation (gastric 


adenocarcinoma). 
In the whole series of 231 patients, invasive cardiac 
procedures were carried out in 79 (34%) (“invasive” 


. group). One hundred twenty-six invasive procedures 
. were performed (80 pericardiocenteses, 31 biopsies and 








No. of Pts T 0 Sens. Spec. 
“Diagnostic” 20 (65%) 1(5%) + 1* 17+ 1f 
"Therapeutic" 11 (35%) 6 (5496) 3+ 17+ 1% ét. Pt 
Total 31 (10096) 7 (2296) + 1* 20 + 2t + 1* 7896 95 96 


Sens. = sensitivity; Spec. = specificity; + = positive diagnostic data; 0 = negative diagnostic data. 


TABLE VII Pericardiectomy 





Type Pericarditis 





Tuberculous 
Neoplastic 
Purulent 
Total 


False positive 
False negative 
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15 pericardiectomies); these procedures resulted in an 
etiologic diagnosis in 20 patients (25%). The etiologic 
diagnoses after completion of the studies are listed in 
Table VIII. A definite diagnosis was made in 32 patients 
(14% of the whole series); in 16 of the 32 patients (50%), 
the diagnosis was made only by means of invasive car- 
diac procedures. 

Relative prevalence of tamponade and pericar- 
dial effusion in the different etiologies: The relative 
prevalence of pericardial effusion and tamponade in the 
different etiologic types of pericarditis are listed in 
Table IX. Forty-four patients had tamponade. Of these, 
28 patients (64%) had acute idiopathic pericarditis, 
11 had neoplastic pericarditis, 3 had tuberculous peri- 
carditis, 1 patient had purulent pericarditis and 1 
had pericarditis associated with hypereosinophilic 
syndrome. 

Follow-up: The follow-up period ranged from 1 to 
76 months (mean 31 + 20). Twenty-three patients (10%) 
were lost to follow-up; in 9 others follow-up was in- 
complete. Therefore, incomplete follow-up data are 
available for 32 patients (13%). However, only 3 of these 
32 patients belonged to the group that was “invasively” 
studied (79 patients); in the remaining 29 patients the 
clinical symptoms and effusion, when present, resolved 
within a short time. This group had no finding that 
suggested a specific cause was present in the protocol 
study performed during admission. 

Clinical course: Eight patients died during follow- 
up (all with neoplastic pericarditis). In 7 patients, a 
subacute evolution to a classic form of constrictive 
pericarditiś requiring pericardiectomy was observed (4 
with tuberculous pericarditis, 2 with purulent pericar- 
ditis and 1 with neoplastic pericarditis). Five other pa- 
tients (3 with idiopathic pericarditis, 1 with tuberculous 
pericarditis and 1 with neoplastic pericarditis) devel- 
oped effusive-constrictive pericarditis, and 2 of these 
(1 with tuberculous pericarditis and 1 with idiopathic 
pericarditis) required pericardiectomy. Therefore, in 
203 patients with idiopathic, viral and toxoplasmic 
pericarditis, only 1 patient (with effusive-constrictive 
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TABLE VIII Etiologic Diagnosis 


Acute idiopathic pericarditis 199 
Neoplastic pericarditis 13 
Carcinoma of lung 
Carcinoma of unknown origin 
Gastric carcinoma 
Lymphoma 
Cardiac angiosarcoma 
Tuberculous pericarditis 
Purulent pericarditis 
Toxoplasmic pericarditis 
Viral pericarditis 
Other causes 
Rheumatic fever 2 
Churg-Strauss vasculitis 1 
Systemic lupus erythematosus 1 
Total 231 
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pericarditis) required pericardiectomy, whereas 8 of the 
24 patients with tuberculous, neoplastic and purulent 
pericarditis required it. In the last clinical examination 
none of the remaining patients with a diagnosis of acute 
idiopathic, viral or toxoplasmic pericarditis had died or 
had signs of constrictive pericarditis or another signif- 
icant clinical condition. 


Discussion 


The problem of primary pericardial disease: 
Often, the etiologic diagnosis of pericardial disease is 
carried out according to the principle of “guilt by as- 
sociation.’” This is the case when pericardial disease can 
be related to an associated condition, such as myocardial 
infarction, uremia or other known systemic disease. 
Even in these cases, the etiologic diagnosis may not be 
a straightforward matter. In addition, not infrequently 
the clinician is faced with the problem of recognizing 
severe, treatable disease in patients without noncardiac 
clues to the etiologic diagnosis. These instances may be 
labeled, on clinical grounds, primary pericardial disease. 
Frequently, the clinical features (acute onset with 
characteristic chest pain, absent or small effusion and 
quickly self-limited illness) are strongly indicative of 
acute idiopathic or viral pericarditis; not infrequently, 
however, idiopathic pericarditis shows less distinctive 
features, and its recognition from more severe and 
treatable conditions, such as tuberculosis or neoplasia, 
may be very difficult.9:19.11 The occurrence of large or 
bloody effusions, cardiac tamponade or a clinical course 
over several weeks may make the etiologic diagnosis of 
pericarditis a difficult clinical dilemma, leading in some 
cases to the prescription of antituberculous therapy 
based on indirect diagnostic criteria.!?^!? Although 
considerable information about the usefulness of peri- 
cardiocentesis,^-9.4 pericardial biopsy* 9195-18 or 
pericardiectomy$:!? for etiologic diagnosis is available 
in published reports, comprehensive series on the value 
of an integrated approach to acute primary pericardial 
disease are lacking. 

Limited etiologic value of clinical features: In the 
present series, clinical features of patients with tam- 
ponade or persisting effusion were of limited value for 
the etiologic diagnosis in the individual case. For in- 
stance, a long-standing, torpid clinical course has been 
considered suggestive of tuberculous pericarditis; 
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TABLE IX Prevalence of Effusion and Tamponade | 





No. of Pts Effusion — Tamponade 
Neoplastic pericarditis 
Tuberculous pericarditis 24 22 15 (6896)* 
Purulent pericarditis 3 
Other causes 207 102 29(28%)* — — 
* p «0.001. 


Percentages relative to patients with effusion. 


however, in the present series, less than 2 weeks of ev- 
olution was present before admission in 4 of 9 patients. — 


The presence of effusion, development of tamponade, 
hemopericardium and positive tuberculin skin test, 


although more common in some specific types of peri- — 
carditis, were prevalent enough in idiopathic cases to 


reduce their diagnostic usefulness in a particular pa- _ 


tient. In fact, tamponade was relatively frequent (28%) _ 


in patients with acute idiopathic pericarditis with 
effusion, in contrast to previously reported data.?? 


Moreover, the tuberculin skin test was not a reliable - 


indicator of tuberculous pericarditis; in the present 


series it was negative in 3 of 9 patients with the latter - 
condition, a similar prevalence as in the series of Fowler - 


and Manitsas!? but much lower than in the series by 


Rooney et al!?; in contrast, it was positive in 41% of the — 


tested patients with acute idiopathic pericarditis. 


However, grossly bloody pericardial effusion, although 
more frequent in neoplastic pericarditis (7 of 12 patients - 


with effusion), was also seen in patients with acute id- 


iopathic pericarditis, with a prevalence of 7 of 46 cases 
(in agreement with other series®). Even the combination — 
of tamponade and hemopericardium was not by itself _ 


indicative of a particular cause; this combination was 
seen in 3 patients with acute idiopathic pericarditis. 


Diagnostic yield of the present protocol: Thirty- 
two etiologic diagnoses (13%) were confirmed in the — 


present series. This is not a strikingly low proportion 
considering the type of patients included in the present 
series. Regarding the methods that led to the etiologic 
diagnosis, these 32 patients are distributed as follows: 
(1) In 50% the cause was discovered only by invasive 


cardiac procedures (pericardiocentesis, pericardial bi- — 


opsy or pericardiectomy). (2) In 37%, noncardiac studies 


disclosed the cause. (3) In 12%, the diagnosis was made e 


both by noncardiac and invasive cardiac studies. The 
predominance of invasive diagnoses may be partially 
influenced by the failure to perform an objective diag- 
nosis of viral or toxoplasmic pericarditis in cases in 
which this might have been done; however, our figures 
probably serve as an index of the proportion of diag- 
noses to be expected from cardiac and noncardiac 
studies as far as neoplastic, tuberculous and purulent 
pericarditis are concerned. 


Diagnostic value of pericardiocentesis: Sensitivity - 


and specificity of pericardiocentesis were high (79% and 


98%, respectively), but diagnostic yield was markedly — 


different, depending on whether pericardiocentesis was 
“diagnostic” (6%) or “therapeutic” (29%). The lower 


sensitivity of pericardiocentesis was related to its in- - 


ability to demonstrate tuberculosis and neoplasia in 2 
patients each. This shortcoming has been known for 
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E pop ve ror dicosatest did not bind the results in the 
S "diagnostic" group, as only 1 of them (a patient with 
fa false-positive echocardiographic evidence of effusion) 
; "TR as discovered by subsequent studies to have neoplastic 
~ pericarditis, whereas the remaining 8 patients recovered 
f iy un ineventfully to the last follow-up control. In a similar 
F vay, hypothetical false-negative results seem to be 
o vir y ruled out by subsequently adequate follow-up. 
ibm case of tuberculous pericarditis (9 cases), peri- 
— cardiocentesis did not prove very useful: In 2 of the 5 
ul patients in whom it was performed, tubercle bacilli 
b failed to be identified in pericardial fluid at all, whereas 
. in the 3 patients from whom bacilli were recovered, 
-. identification was by growth in Löwenstein medium in 
E: .3. Identification in all 5 was not by direct examina- 
tion with the Ziehl-Nielsen stain, possibly because of a 
ew bacilli in the fluid. This meant a delay of several 
veeks during which diagnosis was made by other pro- 
ue E ad ures in 1 case. This limitation of pericardiocentesis 
on the diagnosis of tuberculous pericarditis has also been 
^a pointed previously.!^!? In patients with neoplastic 
pericarditis, pericardiocentesis was more consistently 
a seful than in tuberculosis, a diagnosis being obtained 
in 9 of 13 cases. However, pericardiocentesis failed to 
-discover neoplastic cells in 2 patients; the occurrence 
E of false-negative results in neoplastic pericarditis is well 
Ed dlocumented.9.21.22 
p. . Diagnostic value of pericardial biopsy: Pericardial 
b iopsy as well as pericardiocentesis were of limited value 
A Y n our patients in the absence of tamponade. The sen- 
sitivity and specificity of pericardial biopsy (78% and 
- 95%, respectively) are almost the same as those of per- 
i icardiocentesis; similarly, its diagnostic yield was 596 
.. (only 1 case) in “diagnostic” indications and 54% in 
E "therapeutic" indications. Therefore, there appear to 
[be good reasons for advising against biopsy, as well as 
* against pericardiocentesis, when.it is carried out only 
SM for diagnostic purposes. Limitations of pericardial bi- 
à . opsy lie mainly in its lower sensitivity in diseases with 
Epor pericardial involvement (especially neoplastic 
pericarditis, 62324 where biopsy specimens in our series 
re negative in 2 of 6 patients) and in the possibility 
a n false-positive diagnoses of neoplasia in cases of 
E or Po hyperplasia.2° Moreover, in all 5 cases of 
aS tuberculous pericarditis in which the pericardium was 
Er histologically examined either by biopsy or by pericar- 
Wc diectomy, the diagnosis was confirmed. 
— A Diagnostic and therapeutic procedures: A striking 
Al result in our series is the very low rate of diagnoses made 
= by "diagnostic" procedures (6%) compared with 
"ys “therapeutic” procedures in which etiologic data were 
- obtained in 35% of patients (Fig. 2). Accordingly, the 
S distinction between ”diagnostic” and “therapeutic” 
| ( cos is meaningful for clinical purposes. We be- 
eve that the major reason for this discrepancy is the 
high prevalence of cardiac tamponade i in patients with 


: “this Ln ose durs with its lower d in 
: . patients with pericarditis of other causes (68% vs 28% 
RI in aed with effusion). This difference was statisti- 
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cally significant (p <0.001). The different prevalence 
rates of tamponade in both etiologic categories has been 
pointed out in retrospective series.9:1426 However, no 
definite guidelines for the indications of pericardio- 
centesis and biopsy have been established on the basis 
of this difference. 

Diagnostic accuracy is a common issue in any etiologic 
study. How many objective diagnoses may have been 
missed by our protocol? The rather low diagnostic yield 
of stage I (6%) suggests that a number of pericarditides 
of viral or toxoplasmic origin may not have been iden- 
tified. Despite the intrinsic difficulties in the diagnosis 
of viral pericarditis,?7^?85 a more systematic use of the 
studies in stage I may increase the rate of these diag- 
noses in primary acute pericardial disease. On the 
contrary, we contend that the strict performance of the 
protocol allowed the identification of almost all cases 
of severe and treatable diseases such as tuberculous, 
purulent or neoplastic pericarditis. Indirect evidence 
of this assumption is provided by the fact that no pa- 
tient in whom the invasive procedures failed to identify 
the cause, had signs of active pericardial or systemic 
disease at the end of follow-up; moreover, clinical cure 
had been spontaneously achieved in all but 1 patient in 
whom subacute effusive-constrictive pericarditis had 
developed, and in whom pericardiocentesis, biopsy and 
pericardiectomy had not yielded the diagnosis. Al- 
though the possibility of self-limited tuberculous peri- 
carditis has been recognized,’ it appears to have been 
an exceptional occurrence in a disease in which classic 
reports??? point to an unfavorable evolution in almost 
all cases; therefore, the finding of a good evolution in our 
cases with negative etiologic investigations appears 
relevant for clinical practice. The strikingly different 
pattern of evolution to constrictive pericarditis in pa- 
tients with tuberculous, neoplastic and purulent disease 
on the one hand, and in those with idiopathic disease on 
the other hand (although already known?9), is also 
suggestive of a correct etiologic categorization of the 
latter group. 

Choice between pericardiocentesis and peri- 
cardial biopsy: Although our global diagnostic yield 
of pericardiocentesis (19%) and biopsy (22%) was sim- 
ilar, there are qualitative differences between both 
procedures: (1) Whereas biopsy is more cumbersome 
and may entail the need for general anesthesia, the risk 
of undesirable accidents is lower than with pericardio- 
centesis; therefore, the risk/benefit ratio should be lower 
than with the latter procedure.*! (2) Direct histologic 
examination of the pericardium may allow almost im- 
mediate diagnosis in cases of tuberculosis, avoiding the 
delay inherent in culturing tubercle bacilli. (3) The 
procedure may allow a direct visualization of the peri- 
cardium and, in addition, a quicker and more complete 
removal of fluid. The choice between “therapeutic” 
pericardiocentesis and “therapeutic” biopsy may rest 
on several circumstances such as skill of the cardiologist, 
availability of a cardiac surgeon, operating-room facil- 
ities, severity of hemodynamic impairment, and so on. 
However, there may be advantages in both approaches. 
For instance, in the present series, if an emergency 
surgical drainage had been performed in the 44 patients 
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undergoing a “therapeutic” pericardiocentesis, 19 
subsequent surgical procedures might not have been 
performed. It can be argued that with needle pericar- 
diocentesis as the selected procedure, in 26 patients this 
was all that was needed for their correct management 
without any surgical procedure in the entire course of 
the disease. The choice, therefore, is circumstantial and 
must be individualized. A discussion of the choice be- 
tween both techniques in “diagnostic” indications seems 
pointless, as our results show little justification for 
“diagnostic” procedures (diagnostic yield 6%). However, 
in individual patients in whom severe clinical findings 
are present, despite the absence of tamponade, a “di- 
agnostic” procedure may be justified. When purulent 
pericarditis is suspected, the usual clinical setting may 
make pericardiocentesis desirable. Also, in communities 
in which tuberculosis is highly prevalent, a “diagnostic” 
procedure could be advised in patients with persistent 
illness for more than 3 weeks; in these patients peri- 
cardial biopsy should be chosen (despite its global low 
diagnostic yield) because it is a safe, rapid procedure 
providing information from both pericardial tissue and 
fluid. 

Spectrum of diagnosis in the present series: 
Several comments may be appropriate to the spectrum 
of etiologic diagnoses identified in our study. 

Tuberculous pericarditis accounts for 4% of all 
diagnoses. This is a low prevalence rate in a community 
in which tuberculosis is still considered to be a signifi- 
cant cause of morbidity; such prevalence is still not high 
(7%) when only patients who need any invasive proce- 
dure are considered (6 of 79). However, considering that 
tuberculosis is a curable disease, these figures suggest 
a high enough prevalence to warrant investigation for 
tuberculosis in cases of pericarditis that are not rapidly 
self-limited. 

Although they reflect a very low prevalence as the 
presenting feature of neoplasia, the 12 cases in which 
pericardial involvement was the first manifestation of 
extracardiac malignancy (5% of our series) constitute 
a remarkable finding, because it is the most common 
specific diagnosis in the present study. Although the 
clinical onset of neoplastic disease with cardiac tam- 
ponade is well known,??:223? its prevalence in the whole 
spectrum of acute pericardial disease is not well docu- 
mented. Our figures indicate the need of considering the 
possibility of extracardiac malignancy in cases of acute 
pericardial disease, most particularly those presenting 
as tamponade. 

The prevalence of toxoplasmic pericarditis is not 
known.** The present series shows that it may not be 
negligible in some communities. Although it is unlikely 
that all cases with a high antitoxoplasma IgG titer (990 
of all tested cases) correspond to true toxoplasmic 
pericarditis, the prevalence of the latter is likely to be 
higher than the 1.8% detected when only the cases with 
available IgM titer or subsequent IgG titer were ana- 
lyzed; therefore, the true prevalence rate should lie 
between 1.8% and 9%. In only 4 patients (1.7% of our 
series) was a collagen vascular disease identified, in 


agreement with the notion that isolated pericarditis is 


rarely the presenting feature of this disease group.®° 
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The very low prevalence rate of purulent pericarditis | 
(0.8%) reflects the rarity of this disorder in the absence 
of risk factors,?9 such as thoracic surgery or immuno- 
suppression, which were not present in the patients 


included in this study. The true prevalence of viral 
pericarditis is not known because of the difficulties in 
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its objective diagnosis.?7?? In fact, isolation of a virus — - 


from a pharyngeal swab or from the feces is not suffi- 


cient evidence for an unquestionable diagnosis of viral | 


pericarditis. Despite extensive study, by far the most 
prevalent diagnosis in our series was acute idiopathic 


pericarditis (86%). We believe that if a significant re- - JR 
duction of this figure is to be realized, a wide range of - 
routine sophisticated virologic and serologic studies : 


should be carried out, with a dubious cost/efficacy ratio 
for clinical purposes. 


Limitations: Considering that with invasive proce- — 


dures an etiologic diagnosis was achieved in only 20 of 
79 patients (25%), the present study could be considered 


too aggressive, because 36 patients underwent more . 


than 1 invasive procedure, and, moreover, only 1 new 


diagnosis was made in stage III. These data suggest that 


it may be advisable to simplify the protocol by unifying 


stages II and III, and by limiting "diagnostic" proce- z 


dures. If only “therapeutic” procedures had been ap- 


plied, the rate of diagnostic results would have been — 
35%. However, caution must be used when limiting in- | 


vasive procedures, because we contend that a judicious 
use of them is justified by 2 considerations: (1) Owing 
to the strict use of our protocol, in virtually no patient 
was the diagnosis of tuberculous, neoplastic or purulent 
pericarditis missed; and (2) at no time was blind an- 
tituberculous therapy required, because etiologic in- 
formation from stages I to III was sufficient to rule out 
tuberculosis (the single most prevalent curable disease), 
no patient having reached stage IV. 

Clinical implications: (1) “Diagnostic” pericardi- 


ocentesis as a routine method is not warranted in the © 


management of acute pericardial disease, except if there 
is a clinical suspicion of purulent pericarditis. (2) A 
“diagnostic” procedure is only indicated in individual 


patients, such as in patients with illness longer than3 — 
weeks, and belonging to a community with high preva- — 
lence of tuberculosis; in these few instances, pericardial 


biopsy should be chosen because it is safe and provides 
information from both pericardial tissue and fluid. (3) 
The choice between “therapeutic” pericardiocentesis 
and “therapeutic” biopsy must be considered on an 
individual basis. (4) Although some parts of the present 
protocol may be controversial, we believe that only 


through a systematic approach can a substantial diag- 


nostic yield be reached in patients with primary acute 
pericardial disease. 


Acknowledgment: We are indebted to David H. Spodick, 
MD, for his invaluable criticism and encouragement. 5 
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Post-Cardiac Injury Syndrome and an Increased 
Humoral Immune Response Against the Major 
Contractile Proteins (Actin and Myosin) 


IVAN DE SCHEERDER, MD, JOEL VANDEKERCKHOVE, PhD, JOHAN ROBBRECHT, MD, 
LUC ALGOED, MARC DE BUYZERE, JORIS DE LANGHE, MD, 
GUIDO DE SCHRIJVER, MD, and DENIS CLEMENT, MD, PhD 


To better understand the pathogenesis of the 
post-cardiac injury syndrome (PCIS) 2 models of 
cardiac injury were studied. One hundred twenty- 
nine patients who underwent cardiac surgery and 
80 patients with acute myocardial infarction (AMI) 
were prospectively followed and the levels of anti- 
heart antibodies (AHA), anti-actin antibodies (AAA) 
and anti-myosin antibodies (AMA) were determined. 
In the surgical group, PCIS developed in 27 patients 
(21%) and incomplete PCIS in 36 (2896 ). In the AMI 
group, PCIS did not develop in any patient, but in- 
complete PCIS developed in 11 patients (1476) (p 
<0.001). The surgical group showed a significantly 


The postpericardiotomy syndrome is a frequent com- 
plication after cardiac surgery.! It is characterized by 
the persistence or occurrence of fever, leucocytosis and 
signs of pericardial and often pleural reaction, fre- 
quently with effusion and pneumonitis after the first 
postoperative week. Dressler et al^? described a similar 
illness, the post-acute myocardial infarction (AMI) 
syndrome. The prevalence varies from 0 to 6% of cases 
with AMI in different studies.9-14 Since other forms of 
cardiac injury give rise to a similar complication, this 
syndrome is now generally referred to as post-cardiac 
injury syndrome (PCIS).!© Although these syndromes 
are strikingly similar and have been well defined clini- 
cally, their pathogenesis remains unclear. The clinical 
observation that these syndromes appear 7 or more days 
after the acute injury and are sensitive to corticosteroid 
therapy suggests that immunologic factors are involved 
in the pathogenesis. The finding of anti-heart antibodies 
(AHA)?- and circulating immune complexes!9.!7 in sera 
of most of these patients supports this view. 

AHA have been determined by an indirect immu- 


nofluorescence technique and different patterns have 
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higher humoral immune response than the AMI 
group when analyzed for AHA and anti-contractile 
protein antibodies. After cardiac surgery, AHA de- 
veloped in 59 patients (4696), AAA developed in 33 
(2696) and AMA developed in 49 (38926); in the AMI 
group, significant levels of AHA, AAA and AMA 
developed in 16 (2096), 7 (996) and 13 patients 
(1696), respectively. These studies show a signifi- 
cant correlation between the PCIS clinical classifi- 
cation and auto-antibodies raised against heart 
contractile proteins. 


(Am J Cardiol 1985;56:63 1-633) 


been described.5!8 We have shown that antibodies 
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producing a cross-striated pattern in heart tissue are — 


mainly directed against the major contractile proteins, 
actin and myosin.!? 

The present study compares clinical events following 
2 important models of cardiac injury (cardiac surgery 
and AMI) and determines serially humoral immune 
response against myocardial muscle cells and especially 
against the major contractile proteins, actin and 
myosin. 


Methods 


The cardiac surgery group consisted of 129 adult patients 
(26 women, 103 men), aged 43 to 70 years (mean 57). Nineteen 
patients had undergone aortic valve replacement, 14 mitral 
valve replacement, 10 combined valve replacement and 86 
aorto coronary bypass procedures. The AMI group consisted 
of 80 patients (15 women, 65 men), aged 42 to 86 years (mean 


Patients were grouped according to the degree of PCIS: (1) 
those who fulfilled the 3 classic features of the PCIS after the 
first post-injury week—fever, pericarditis and laboratory 
evidence for inflammation (complete PCIS); (2) those who. 
fulfilled 2 of the main features (incomplete PCIS); and (3) 
those who showed only 1 or none of the main features (no 
PCIS). 

Serum samples were collected before surgery and 1 to 60 
days after operation or after AMI. Sera from 40 patients 
without obvious cardiovascular disturbances, matched for sex 
and age, were used as controls. All sera were stored at —20°C 
and analyzed within 10 months. 
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| TABLE! Occurrence of Post-Cardiac Injury Syndrome 


(PCIS) in the Two Study Populations: Clinical 


Classification 
Cardiotomy Infarction 
(n = 129) (n = 80) p" 
PCIS 27 (21%) 0(0%) 
Incomplete PCIS 36 (28%) 11 (14%) <0.001 
No PCIS 66 (51%) 69 (86%) 


* Chi-square analysis comparing the incidence of PCIS, incomplete 
PCIS and no PCIS after cardiotomy and infarction. 


Anti-heart antibodies: The indirect immunofluorescence 
technique of Coons and Kaplan?? was used. Monkey heart 
muscle, frozen in liquid nitrogen, was cut into sections 4 um 
thick in a cryostat at —20?C, mounted on slides and incubated 
for 20 minutes with 1/10 diluted test serum to be investigated. 
Four patterns of immunofluorescence staining were distin- 
guished: cross-striated, diffuse intracellular, intercalated disc 
and heart muscle membrane fluorescence. In this study we 
concentrated on the cross-striated fluorescence pattern. The 
intensity of fluorescence staining was graded 0 to +4; only 
fluorescence of grade +2 or higher was considered positive in 


E ; this study. 


Anti-actin and anti-myosin antibodies: The indirect 
enzyme-linked immunosorbent assay was used for the quan- 
titation of anti-actin autoantibodies (AAA) and anti-myosin 
autoantibodies (AMA).?! The conjugate used for the assay was 
alkaline phosphatase conjugated goat anti-human IgG (Sigma 


— Chemicals). Rabbit muscle heavy meromyosin (HMM, Sigma) 
. and bovine cardiac actin, prepared according to the method 


of Spudich and Watt?? were coated overnight at 4?C onto 


_ glutaraldehyde coated immunobeads (Plastic Ball Co.). Sera 


were added in dilutions of 1/10 to 1/100000 and incubated at 


_ 37°C for 2 hours. After washing, the amount of enzyme bound 
. was assayed using N-nitrophenyl phosphate disodium (Sigma 
.. Chemicals) as substrate. The reaction was terminated by the 


TABLE If Occurrence of Anti-Heart Antibodies (AHA), 
Anti-Actin Antibodies (AAA) and Anti-Myosin 
Antibodies (AMA) After Cardiotomy and Acute 
Myocardial Infarction 


Cardiotomy Infarction p* 
AHA 59 (46%) 16 (20%) <0.001 
AAA 33 (26%) 7( 9%) <0.005 
AMA 49 (38%) 13 (16%) <0.002 


* Chi-square analysis comparing the incidence of AHA, AAA and 
AMA after cardiotomy and infarction. 


addition of 1 N Na OH. The absorbance of test beads was 
measured on a Vitatron spectrophotometer at a wavelength 
of 410 nm. Samples that exceeded the mean value of the 
control group by 2 standard deviations were considered as 
positives in this study. 

Statistics: The significance of differences between inci- 
dences was evaluated by the chi-square test. 


Results 


Post-cardiac injury syndrome: Following our 
clinical classification, we found that in the surgical 
group PCIS developed in 27 patients (21%) and in- 
complete PCIS in 36 (28%) (Table I). The AMI group 
had a lower complication rate of PCIS; no patient in this 
group showed complete PCIS and only 11 patients 
(14%) showed incomplete PCIS. 

Correlation between the PCIS clinical classifi- 
cation and the level of anti-contractile protein 
autoantibodies: The results summarized in Table II 
indicate that AHA, AMA and AAA are found signifi- 
cantly more often after cardiotomy than after AMI. 
Quantitative analysis (Table III) showed a direct cor- 
relation between the intensity of PCIS and the titer of 


TABLE Ill Occurrence and Intensity of Anti-Heart Antibodies, Anti-Actin Antibodies and Anti-Myosin Antibodies in the Three 
Groups After Cardiotomy and Acute Myocardial Infarction 
Cardiotomy Infarction 
Anti-Heart Antibodies 
Intensity n 2+ 3+ 4+ n 2+ 3+ 4+ pt 
PCIS 27 27 27 0 Fae ND 
Inc PCIS 36 20 15 11 6 4 0 NS 
No PCIS 66 12 7 69 10 6 0 NS 
p* p <0.001 p <0.001 p <0.001 p <0.01 p <0.05 ND 
Anti-Actin Antibodies 
Intensity n 2SD 4SD 6 SD n 2SD 4SD 6 SD pt 
PCIS 27 18 15 0 Ni ND 
Inc PCIS 36 9 6 11 4 2 [e NS 
No PCIS 66 6 1 69 3 0 0 NS 
p* p «0.001 p «0.001 p «0.005 p «0.005 p «0.02 ND 
Anti-Myosin Antibodies 
Intensity n 2 SD 4 SD 6 SD n 2 SD 4 SD 6 SD p! 
. POIS 27 25 20 0 e ND 
Inc PCIS 36 16 11 11 7 3 0 NS 
No PICS 66 8 3 0 69 6 2 0 NS 
p* p «0.001 p «0.001 p «0.001 p «0.001 p «0.02 ND 


Anti-heart antibody fluorescence intensity is graded from 2+ to 4+; the standard deviation index is used for quantitation of anti-actin and anti-myosin 
antibodies. The number of ‘‘positive’’ patients showing the indicated fluorescence intensity or standard deviation index are shown in each clinical 


p. 
* Chi-square analysis comparing the frequency of anti-heart, anti-actin and anti-myosin antibodies with the clinical classification. 
* Chi-square analysis comparing concurrent groups after cardiotomy and infarction. 

Inc = incomplete; ND = not done; NS = not significant; SD = standard deviation. 
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antibodies as determined either by the indirect immu- 
nofluorescence technique using frozen sections of heart 
tissue or by the ELISA technique using actin and/or 
myosin as antigens. 

This is illustrated by the fact that in each group an- 


| - alyzed, the highest intensity of PCIS correlates well with 


the highest frequency of high titer antisera (e.g., 7 high 
level AHA [>4] were only found in the group with 
complete PCIS). Similar results were obtained when 
searching for AAA or AMA. Generally higher antibody 
titers were observed when myosin was used as antigen 
than actin. 


Discussion 


In this report we have studied 2 models of cardiac 
injury (cardiac surgery and AMI) both at the level of the 
PCIS and at the level of auto-antibodies directed 
against heart tissue and its major contractile proteins, 
actin and myosin. In agreement with previous stud- 
jes?-58-14 PCIS was found significantly more frequently 
and at significantly higher levels in patients who had 
undergone cardiac surgery than in patients with AMI. 
In correlation with these clinical results, the immune 
response was significantly more important after cardiac 
surgery than after AMI, and a clear correlation was 
observed between PCIS clinical classification and the 
levels of specific auto-antibodies against actin and 
myosin. 

Myocardial injury during operation or during AMI 
is accompanied by the release of cellular proteins or 
protein-complexes that may function as auto-antigens 
leading to the formation of what has been referred to as 
AHA. Actin and myosin are the major constituents of 
the heart cellular proteins, and thus are likely to be good 
candidates to trigger the immune response. It has been 
shown!? that auto-antibodies generated after cardio- 
tomy, giving a cross-striated fluorescence pattern, are 
mainly directed against the major contractile proteins, 
actin and myosin. Cardiac surgery led more frequently 
to both higher levels of auto-antibodies against actin 
and myosin and more frequently to PCIS than AMI, 
although the latter normally gives rise to a more im- 
portant myocardial damage. Apparently, cardiac sur- 
gery is more immunostimulating than infarction. 'T'his 
may be because: (1) Viral infection may, occur during 
surgery and trigger the immune response.2?:?4 (2) The 
exposure to air or to chemicals (disinfectants) of cardiac 
tissue may denature a fraction of the released proteins 
so that they become more immunogenic than the native 
molecules. (3) The action of anesthetic agents may 
change immune response. (4) Antigens are massively 
released in a short period of time during cardiac surgery, 
whereas after AMI antigens may be released more 
slowly and during a longer period. 

Consistently higher levels of auto-antibodies against 
myosin than against actin were found. This may be ex- 
plained by the higher antigenicity of myosin but also by 
the fact that actin is known to form stable complexes 
with at least 2 known serum constituents—the vitamin 
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may become less immunogenic. 





Our studies reveal a good correlation between the E 
release of typical major heart muscle antigens, the FA P 


corresponding immune response and the concomitant — 


inflammatory reaction. However, further investigations | i. q 


are necessary to detect additional interfering factors and. 


LE 


to see if this phenomenon may be generalized to other - 


diseases associated with important cell death. 
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Cardiovascular Deconditioning Produced by 20 Hours 
of Bedrest with Head-Down Tilt (—5°) 
in Middle-Aged Healthy Men 


F. ANDREW GAFFNEY, MD, J.V. NIXON, MD, ERLING S. KARLSSON, MD, 
WILLIAM CAMPBELL, MD, A.B.C. DOWDEY, MD, and C. GUNNAR BLOMQVIST, MD 





Cardiovascular deconditioning after prolonged 
bedrest has been attributed to inactivity. To examine 


~. the role of the altered distribution of body fluids, 5 
. healthy men, aged 41 to 48 years, were studied 


before, during and after a 20-hour period of bedrest 
with head-down tilt (—5°). This intervention pro- 
duces a marked central shift of intravascular and 
interstitial fluid, but the short duration minimizes the 
effects of inactivity. Central venous pressure, car- 
diac output and stroke volume all increased signif- 
icantly (p <0.05) from supine baseline mean values; 
central venous pressure from 8.6 to 12.6 cm H50, 
cardiac output from 6.9 to 7.9 liters/min, and stroke 
volume from 104 to 113 ml after 15 minutes of tilt, 
but all values returned to baseline within 20 hours. 
Supine central venous pressure after tilt was 7.4 cm 
H20, cardiac output 5.7 liters/min and stroke volume 
.84 ml. Blood volume decreased 0.51 liters. After tilt, 
orthostatic stress produced a higher heart rate (90 
+ 18 vs 68 + 12 beats/min). Maximal oxygen con- 
sumption decreased (2.36 + 0.41 vs 2.62 + 0.48 
liters/min), mainly owing to reduced stroke volume 
(87 + 22 vs 107 + 18 ml, p <0.05). Thus, tilt pro- 


duced a transient increase in central venous pres- 
sure, stroke volume and cardiac output, but supine 
mean values were below baseline levels after 20 
hours. The post-tilt state was qualitatively and 
quantitatively similar to that seen after 2 to 3 weeks 
of bedrest or several days of spaceflight. These re- 
sults are also similar to those from a previously 
studied group of ten 20- to 30-year-old normal men. 
However, the increase in central venous pressure 
tended to be larger and of longer duration in the 
middle-aged group. Furthermore, in the young men 
the initial increase in stroke volume produced rel- 
ative bradycardia, with no change in cardiac output 
and arterial pressure. Cardiac output increased in 
the middle-aged group, but arterial pressure was 
controlled by vasodilatation. Heart rate did not 
change. The results support the concept that car- 
diovascular deconditioning after bedrest is primarily 
an adaptation to a postural fluid shift rather than to 
inactivity. Age-related differences in hemodynamic 
responses to central fluid shifts appear to be 
present. 

(Am J Cardiol 1985;56:634-638) 





Prolonged bedrest causes cardiovascular deconditioning 
with orthostatic intolerance and decreased exercise 
capacity.!-^ The mechanisms of these responses are 
. unknown, but prolonged inactivity is generally believed 
-. to be a major factor. However, previous studies? in our 


—— laboratory in young healthy subjects have shown that 


a 24-hour period of bedrest with a 5? head-down tilt, 
introduced by Kakurin et al? as a means of simulating 
0 gravity, produces the intravascular volume loss and 
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cardiovascular deconditioning seen with 2 to 3 weeks of 
bedrest. These results suggest that an adaptation to a 
central fluid shift associated with the supine position, 
rather than inactivity per se, may be a major factor 
producing deconditioning after bedrest. The present 
study was performed to determine the extent and 
mechanisms of bedrest deconditioning in men compa- 
rable in age to symptomatic patients with acquired 
heart disease and to compare the responses to these 
middle-aged men with those of younger subjects studied 
previously.? 


Methods 


Subjects: Five sedentary men, 45 + 3 years old (range 41 
to 48), were recruited from the liberal arts faculty of a local 
university (Table I). None had participated in medical re- 
search previously, but volunteered on the basis of a notice 
posted on campus. These subjects were the first 5 who con- 
tacted our office. 

Procedures: Procedures were reported in detail previ- 
ously.5? Briefly, indirect blood pressure was measured with 
a semiautomated cuff device (Narco Bio-systems Electro- 
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sphygmomanometer PE 300), heart rate by electrocardiogram 
(Frank X,Y,Z leads), forearm flow and venous compliance by 
venous occlusion plethysmography, leg volume during bedrest 
by measurements of leg circumferences and Simpson's rule, 
cardiac output by an acetylene rebreathing technique (coef- 
ficient of variation 4.3% over the range of 5 to 19 liters/min), 
blood volume by simultaneous measure of red cell mass (Cr?!) 
and plasma volume (radioiodinated serum albumin I3?!) and 
plasma renin activity by radioimmunoassay. Exercise was 
performed upright on a mechanically braked bicycle er- 
gometer (Monark) with progressive increases in workload 
every 4 minutes until maximal effort was achieved. Maximal 
oxygen consumption was defined as the level at which heart 
rate and oxygen consumption failed to increase despite an 
increased workload, and was measured by collection of expired 
air in a Douglas bag and analyzed by mass spectrometer and 
Tissot spirometer. Lower body negative pressure with 3 to 5 
minutes at levels of —16, —32, —40 and —50 mm Hg was ob- 
tained with a device developed for use during the Skylab 
flights. The subjects were supine (0? tilt). Leg volume changes 
during lower body negative pressure were estimated by a 
double-stranded, mercury-in-silastic strain gauge placed 
around the calf at the level of its maximal girth. Central ve- 
nous pressure was measured with a catheter inserted percu- 
taneously and positioned fluoroscopically. The anterior 
and lateral chest walls were marked to provide 3-dimen- 
sional reference coordinates for positioning the pressure 
transducer. 

Protocol: After the subjects gave informed written consent, 
a physical examination, complete blood count, SMA-12 and 
urinalysis were performed. Subject familiarization included 
tours of the laboratory and clinical research center and short 
periods of exercise (300 kpm for 6 minutes) and lower body 
negative pressure (732 mm Hg). After at least 1 hour of rest, 
lower body negative pressure was repeated (—50 mm Hg) and 
a maximal bicycle stress test performed. 

On the morning of the tilt procedure, the subject reported 
to the laboratory in a fasting state, where blood samples were 
drawn, a central venous pressure catheter was inserted and 
blood volume was measured. The subject was then ambulatory 
and ate a light breakfast. One to 3 hours later, lower body 
negative pressure (—50 mm Hg) was repeated. The subjects 
were again ambulatory for 1 to 2 hours until approximately 
1 hour after lunch, when baseline measures were repeated. The 
5? head-down tilt was begun within 30 minutes and continued 
for 20 hours. The subjects received a 4-g sodium diet and fluids 
ad lib. After the tilt period, baseline measurements were re- 
peated with the subject supine (0°), during lower body nega- 
tive pressure and sitting on the bicycle. The central venous 
pressure catheter was removed immediately before 
exercise. 

Statistical analysis included paired t tests or repeated 
measures analysis of variance with Student- Newman-Keuls 
test for individual differences.? Occasional data points (<0.5%) 
for individual subjects were interpolated when measurement 
at a specific time was not available. All values are reported as 
the mean + standard deviation. A significance level of p €0.05 
was used. 


Results 


All 5 subjects completed the bedrest study without 
complications, except 1 subject with marked vagotonia 
before the study. He had a brief period of asystole fol- 
lowed by bradycardia during the post-tilt lower body 
negative pressure stress and required intravenous at- 
ropine to restore normal sinus rhythm. None of the 
subjects complained of the nasal congestion or stuffiness 
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TABLE! Characteristics of the Five Study Subjects 


Age (yr) 453 
Height (cm) 1796 
Weight (kg) 88 + 12.9 
VO, max (ml-kg^ '«min" !) 30 + 6.1 
Total blood volume (liters) 6.28 + 0.30 


Values are mean + standard deviation. 
VO; max = maximal oxygen consumption. 


frequently reported in head-down tilt or spaceflight, but 
minor musculoskeletal complaints were universal. 
The initial hemodynamic responses to the 5° head- 
down tilt were evident within 15 minutes (Fig. 1). 
Central venous pressure increased from 8.6 + 2.7 cm 
H20 to 12.6 + 2.5 cm H320 after 15 minutes of head- 
down tilt and was associated with an increase in stroke 


volume (from 104 + 8 to 113 +16 ml) and cardiac output - 


(from 6.9 + 1.4 vs 7.9 + 1.4 liters/min) (p <0.05). Heart 


rate, blood pressure and forearm blood flow had not — 
changed significantly at this time. After 4 hours, central 
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FIGURE 1. The hemodynamic responses to head-down tilt (—5°). — 


Measurements before and after bedrest in the supine position were 
taken within 10 minutes of tilt. Stroke volume (SV) and central venous 
pressure (CVP) were significantly elevated by tilt and were significantly 
lower after tilt (p <0.05). Values are mean + standard deviation. AAV 


= calculated arteriovenous difference for oxygen; CO= cardiac output; — 


HR = heart rate; MAP = mean arterial pressure; TPR = total peripheral 
resistance. 
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E. spe PRU was still jdn 
. and stroke volume returned almost to baseline values 
E. before tilt. Although central venous pressure was 
E _ slightly elevated for the duration of the tilt, other 
B EE ane d returned to pre-tilt levels by 4 to 6 hours. 
Leg volume decreased from 17.24 + 2.51 to 16.96 + 2.30 
dw after 20 hours of bedrest. 
a — During head-down tilt, peripheral venous hematocrit 
d . increased from 41.8 + 1.5% to 44.2 + 2.2% (p «0.04). 
. Urine output was 2.19 + 0.30 ml/min during the first 6 
uh jours of tilt, but only 1.55 + 0.11 ml/min in the subse- 
d . quent 10 hours. Hourly sodium excretion followed a 
Similar pattern, 16.4 + 3.3 vs 5.3 + 1.5 mEq/hour i in 
hours 0 to 6 and 7 to 16, respectively. Plasma renin ac- 
__ tivity decreased in the first 6 hours of tilt from (0.17 + 
E 0.02 vs 0.65 + 0.20 ng-ml-!-min-!), but returned to 
^ - baseline by 16 hours (0.42 + 0.20 ng-ml--min-!). When 
the subjects resumed the supine position after tilt, 
E central venous pressure (—14%), stroke volume (— 19%) 
ar id cardiac output (—17%) were lower in all subjects (p 
0.05). The differences in stroke volume (—26%) and 
sart rate (+31%) were even greater when the subjects 
were sitting before exercise. 
_ The tolerance to lower body negative pressure was 
decreased by the 20 hours of head-down tilt (Fig. 2). All 
subjects tolerated a —50-mm Hg level before tilt, but 4 
. were presyncopal at the —40-mm Hg level after tilt. 
P : Sig ns included lightheadedness, heart rate instability 
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decreased during lower body negative pressure Dore 
and after tilt to a similar degree and cardiac output was 
likewise maintained at an almost identical level com- 


pared with values before tilt; however, heart rate was __ 


substantially higher and stroke volume lower. Total 
peripheral resistance and mean arterial blood pressure 
did not differ at rest or at -16 mm Hg, but at maximal 


lower body negative pressure, tended to be slightly 


higher after tilt. Forearm blood flow was higher at rest 
and at —40 mm Hg lower body negative pressure after 
tilt (6.6 + 2.2 to 5.9 + 2.3 vs 4.4 + 0.8 to 3.5 + 0.8, m1/100 
ml/min, rest and —40 lower body negative pressure, 
p <0.05), while leg volume changes were not significant- 
ly different at —40 mm Hg lower body negative 
pressure. 

A significant deconditioning effect was seen in all 5 


subjects (Fig. 3). Although stroke volume fell by 19%, 
a slightly higher heart rate (169 + 12 vs 164 € 13 


beats/min) and a wider atrioventricular oxygen differ- 
ence (16.4 + 2.7 vs 13.3 + 2.3, vol%) resulted in a de- 
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FIGURE 3. Responses to upright exercise before and after bedrest with 
—5° head-down tilt. Heart rate (HR) is significantly higher and stroke 
volume (SV) lower at maximal exercise after tilt (p <0.05). BP = blood 
pressure; VO5 = oxygen consumption; other abbreviations as in 
Figure 1. 


bii 


































q A ic ut. 
TC LET ' I ^ 
i s nð 2È <2 £ — y = 


AS ee E mS ila one 7 <Tas 





= vas 8 Uu “ Yy "LU Ld "STER S» DOSE E Tuy CR. ¢ y l 1 acr | A^ -J 7 7 " u K 
oo ooo s October 1, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 — 637 
; ^g Me « i i us $ "n "cona . f, 9 > : E uiv TES y e 3 + Pas . $4 ' 


crease in maximal oxygen consumption of only 10%. 
Maximal cardiac output and mean arterial pressure 
both decreased while total peripheral resistance was 
unchanged. 


Discussion 


During and after head-down tilt, the hemodynamic 
and endocrine responses of this group of middle-aged 
men were qualitatively similar to those of younger 
subjects undergoing comparable periods of bedrest with 
head-down tilt.56 However, increases in central venous 
pressure were somewhat greater and increases in stroke 
volume persisted somewhat longer in the middle-aged 
subjects. The older subjects increased cardiac output 
transiently during early tilt, but maintained a relatively 
constant arterial pressure with a substantial drop in 
total peripheral resistance. In contrast, in our younger 
subjects moderate bradycardia developed, which kept 
cardiac output and, therefore, blood pressure, constant. 
Corresponding age-related differences have been seen 
during orthostasis in hypovolemic symptomatic patients 
with mitral valve prolapse.!? The older patients used 
vasoconstriction as a primary means of regulating blood 
pressure, whereas in younger patients tachycardia was 
more likely to develop. The results emphasize the fact 
that characterization of baroreflexes must include 
measures of peripheral resistance as well as heart 
rate. 

The exact amount of fluid shifted into the central 
compartment with head-down tilt is not known, because 
both splanchnic and lower limb venous beds are in- 
volved and estimates of the former are difficult. The 
measured volume loss from the legs was approximately 
300 ml. This finding is consistent with the data of Echt 
et al,!! which would predict a central shift of at least 500 
ml to produce comparable central venous pressure in- 
creases. Effective systemic venous compliance was not 
measured in these older subjects, but a prior study 
suggests that prolonged changes in effective systemic 
venous compliance are not an important response to 
bedrest. 

Loss of salt and water with a decrease in intravascular 
and interstitial volume appear to be more important 
compensatory mechanisms. Sodium and water excretion 
over the first few hours of bedrest with head-down tilt 
increased to provide rapid readjustment of central ve- 
nous pressure to pre-tilt levels. Our previous studies 
suggest that plasma renin, aldosterone and antidiuretic 
hormone levels are all reduced acutely and mediate 
diuresis.^9 Plasma renin activity showed a similar de- 
crease in the present study. 

Several lines of evidence argue against inactivity 
being the major cause of deconditioning after bedrest. 
First, this and previous studies of short periods of 
bedrest with head-down tilt?9 documented decondi- 
tioning in the absence of any prolonged inactivity. 
Myocardial and musculoskeletal adaptations to inac- 
tivity would be measured in days to weeks rather than 
the 20 hours of inactivity used in our studies. Second, 
exercise in the supine position during bedrest, with 
programs ranging from heavy dynamic exercise to static 
efforts,!? generally fails to prevent the development of 


cardiovascular dysfunction. Several studies of supine 
exercise during bedrest, recently reviewed by Blomqvist 
and Stone,^ showed little or no protection. Third, if in- 
activity is a major factor, physical training should ac- 
celerate recovery, but this was not found in a recent 
study by DeBusk et al.!? These investigators postulated 
that the mere exposure to orthostatic stress was suffi- 
cient to overcome the deconditioning associated with 
bedrest. These data, combined with the fact that pro- 
longed bedrest, head-down tilt, upright water immer- 
sion and spaceflight produce similar states of cardio- 
vascular dysfunction, suggest that the primary cause is 
a response to an altered distribution of body fluids and 
intravascular pressures. The common denominator of 
these interventions is a cephalad fluid shift and a 
transient increase in cardiac filling pressure.* 

Several mechanisms contribute to the orthostatic 
intolerance of bedrest-induced deconditioning. De- 
creased intravascular volume is a significant factor. In 


our subjects blood volume decreased 8%, a level com- — 


parable to that reported previously.^!4!^ However, the 
response to an acute volume loss of this magnitude is 
less severe than the orthostatic intolerance produced 
by bedrest. Ekblom et al!® measured maximal oxygen 
uptake in healthy young adults before and after phle- 


botomy of 800 ml of whole blood. Although this reduced 


hemoglobin concentrations by almost 13%, maximal 
oxygen consumption decreased by only 6%. Similar re- 
sults were obtained by Saltin,!’? who examined work 
capacity in normal subjects before and after heat-in- 
duced dehydration. Our subjects had a larger decrease 
in maximal oxygen consumption despite smaller 
changes in blood volume. In addition, attempts to 
rehydrate subjects after bedrest or to prevent the blood 
volume loss have not corrected the deconditioning. 
Neither direct infusion of normal saline solution nor 
administration of mineralocorticoid!? are effective 
countermeasures. 

Our studies after tilt showed significant hemody- 
namic changes in both the upright and the supine po- 
sition. Filling pressure and stroke volume were reduced. 
Saltin et al? and Hung et al!? showed that the stroke 
volume reduction persists also during supine exercise. 
The decreased stroke volume is probably a result 
of reduced preload because cardiac contractility is 
unchanged.5:6.20 

The cardiovascular deconditioning induced by bed- 
rest and tilt is generally more apparent in the upright 
position. Increased compliance of the leg veins with 


venous pooling could contribute, but estimated calf - | 


volumes during lower body negative pressure before and 
after bedrest in the present study were not different. 
Alternatively, bedrest and tilt may cause impairment 
of the reflex mechanisms that normally maintain arte- 
rial blood pressure and tissue perfusion in the upright 
position. Altered baroreflexes after bedrest in monkeys 
were reported by Billman et al,?? but similar data in 
humans are lacking. Arterial vasoconstrictor responses 


during lower body negative pressure after head-down a 


tilt in our subjects were unchanged, although one may 
argue that a greater response should have occurred in 
the presence of hypovolemia after tilt. 
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Ex . Recent studies have identified additional neural 
mechanisms that may participate in postural cardio- 
- .. vascular responses. Henriksen and Sejrsen?! described 
d . a local reflex that causes vasoconstriction in skeletal 
- muscle and subcutaneous fat in response to venous 
- distension. Thompson and Yates?? showed that stim- 
— ulation of venous afferents that respond to stretch in- 
— creases skeletal muscle tone by a spinal reflex. The 
= effect of bedrest on these reflexes has not been 
.—.. examined. 

- . Other aspects of neurohumoral cardiovascular control 
— mechanisms have been studied, but no clear concepts 
- have emerged. Indirect support for a change in pe- 
_ ripheral vascular regulation, mediated by modulation 
—. of central mechanisms, is found in a recent report by 
—. Norsk et al.?? Chobanian et al? found no bedrest-in- 
__ duced changes in pressor responses to norepinephrine 
BC or angiotensin infusions. Schmid et al?* also found 
m normal vasoconstrictor responses to intraarterial nor- 
— epinephrine infusions but attenuated effects of tyra- 
— mine, suggesting normal receptor function but impaired 
- . endogenous release. 

3 Clinical implications: Despite the lack of complete 
E understanding of cardiovascular impairment after 
-. bedrest, several observations of possible relevance to the 
- . cardiac patient can be made. Most important, the cen- 
tral fluid shift and not inactivity is the major factor. 
Apparently, the reference level or setpoint for central 
blood volume regulation in man is the upright position. 
. A successful adaptation to the supine position includes 
_ . decreased end-diastolic volume and filling pressures and 
_ decreased total blood volume. These losses and im- 
—... paired regulatory mechanisms make the patient unable 
/ to cope effectively with a further decrease in central 
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_ blood volume and filling pressures, when the upright 
- position is resumed. Exercise with bedrest is not di- 
~ rected toward the primary problem and cannot be ex- 
_ pected to prevent deconditioning. Volume expansion 
— has limited effectiveness??! and could be contraindi- 
~. A cated in cardiac patients. Reestablishment of normal 
M . upright hydrostatic gradients is an effective counter- 
. . measure in bedrest studies in normals*”> and may play 

M asimilar beneficial role in patients. 

SÀ The results of this study are not directly transferable 

-. tothe clinical situation. Patients with heart failure are 
_ — resistant to orthostatic challenges.?6 Nevertheless, the 
_ findings provide a rationale for reemphasis of a 40- 
- . year-old therapeutic approach. In 1944, Harrison?” and 
— Dock? identified the cardiovascular problems associ- 
~ ated with prolonged bedrest. Levine and Lown subse- 
—— quently published a classic study of chair rest for pa- 
` tients with acute myocardial infarction and found it to 
-. bea safe and desirable form of treatment.?? 
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E Steady-state blood levels — 
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m No diuretic-like biochemical effects. 


m 24-hour blood pressure control 
7 days a week. 


m Central control of blood pressure. 


Most common side effects are dry mouth and drowsiness, which tend to 
diminish with time, and mild erythema and pruritus associated with 7-day 
skin occlusion. After a mean duration of treatment of 24 weeks, contact 
dermatitis was observed in 16% of patients. This condition resolved upon 
discontinuation of therapy. 
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How to use CatapresT TS" 


Three Dosage Strengths for Individualized Therapy 
Titrate to proper dosage with Catapres-T TS" alone 


. Start with #1. Replace with #2 and then #3 when necessary to 
achieve effective blood pressure control. 


. Catapres T TS" is usually unaffected by showering or other routine 
daily activities. For some patients, use of an overlay is occasionally 
required to maintain adequate skin adherence. 


. Most common side effects are dry mouth 
and drowsiness, which tend to diminish 
with time, and mild erythema and pruritus 
associated with 7-day skin occlusion. 
Contact dermatitis was observed in 1676 of 
patients (100 of 631) treated for a mean 
duration of 24 weeks. This condition re- 
solved upon discontinuation of therapy." 


* Please refer to Precautions in prescribing information if considering 
substitution of oral clonidine hydrochloride in patients who develop skin 
reactions during Catapres- TTS* therapy. 
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B Convenient once-a-week dosage to aid compliance. 

m Effective blood pressure control with or without a diuretic. 
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Brief Summary of Prescribing Information 


Contraindications: Catapres-TTS® (clonidine) should not be used in patients with 
Known hypersensitivity to clonidine or to any other component of the adhesive layer of the 
therapeutic system 

Precautions: General: In patients who have developed localized contact sensitization to 
Catapres-TTS® (clonidine), substitution of oral clonidine hydrochloride therapy may be 
associated with development of a generalized skin rash 

in patients who develop an allergic reaction to Catapres-TTS* that extends beyond the local 
patch site (such as generalized skin rash, urticaria, or angioedema) oral clonidine hydro- 
chloride substitution may elicit a similar reaction 

As with all antihypertensive therapy, Catapres-TTS* should be used with caution in patients 
with severe coronary insufficiency, recent myocardial infarction, cerebrovascular disease, or 
chronic renal failure 

Withdrawal: Patients should be instructed not to discontinue therapy without consulting their 
physician. Sudden cessation of clonidine treatment has resulted in subjective symptoms 
such as nervousness, headache and sweating, accompanied or followed by a rapid rise in 
blood pressure and elevated catecholamine concentrations in the plasma. but such occur 
rences have usually been associated with previous administration of high oral doses 
exceeding 1.2 mg/day) and/or with continuation of concomitant beta-blocker therapy. Rare 
nstances of hypertensive encephalopathy and death have been reported 


An excessive rise in blood pressure following Catapres-TTS® discontinuance can be re 
versed Dy administration of oral clonidine or by intravenous phentolamine. If therapy is to be 
discontinued in patients receiving beta-blockers and clonidine concurrently, beta-blockers 
should be discontinued several days betore cessation of Catapres-TTS® administration 


Perioperative Use: As with oral clonidine therapy, Cajapres-TTS* therapy should not be 
nterrupted during the surgical period. Blood pressure should be carefully monitored during 
surgery and additional measures to control blood pressure should be available if required 
Physicians considering starting Catapres-TTS® therapy during the perioperative period 
must be aware that therapeutic plasma clonidine levels are not achieved until 2 to 3 days 
after initial application of Catapres-TTS® 

information for Patients: Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of a potential sedative effect of clonidine 
Patients should be cautioned against interruption of Catapres-TTS* therapy without a 
physician's advice. Patients should be advised that if the system begins to loosen from the 
skin after application, the adhesive overlay should be applied directly over the system to 
ensure good adhesion over its 7-day lifetime. Instructions for using the system are provided 
Patients who develop moderate or severe erythema and/or localized vesicle formation at the 
site of application. or a generalized skin rash, should consult their physician promptly about 
the possible need to remove the patch 

Drug Interactions: |f a patient receiving clonidine is also taking tricyclic antidepressants 
the effect of clonidine may be reduced. thus necessitating an increase in dosage. Clonidine 
may enhance the CNS-depressive effects of alcohol. barbiturates or other sedatives 
Amitriptyline in combination with clonidine enhances the manifestation of corneal lesions in 
rats 

Carcinogenesis, Mutagenesis, Impairmen*' of Fertility: In a 132-week oral carcinogenicity 
study in rats, clonidine hydrochloride produced no carcinogenic effects at doses up to 300 
times the maximum recommended human dose of Catapres-TTS* on a mg/kg weight basis 
Pregnancy: Teratogenic Effects. Pregnancy Category C. Reproduction studies performed 
n rabbits at doses up to 31 times the maximum recommended daily human dose of 
Catapres-TTS* have revealed no evidence of impaired fertility or harm to the fetus due to 
clonidine hydrochloride. Studies in rats and mice revealed that doses of 500 mcg/kg/day 
and higher are embryotoxic. One rat study at doses of 15 mcg/kg/day (0.33 times the maxi- 
mum recommended daily human dose) exhibited embryotoxicity. There are no adequate 
and well-controlled studies in pregnant women. Although animal reproduction studies are 
not always predictive of human response, this drug should be used during pregnancy only if 
clearly needed 

Nursing Mothers: As clonidine is excreted in human milk, caution should be exercised 
when Catapres-TTS* (clonidine) is administered to a nursing woman 


Pediatric Use: Safety and effectiveness in children below the age of 12 have not been 


month, multiclinic trial of Catapres-TTS* in 101 hypertensive patients, the most frequer 
systemic reactions were dry mouth (25 patients) and drowsiness (12 patients) 

Transient localized skin reactions. primarily localized pruritus occurred in 51 patients 
Twenty-six patients experienced localized erythema. This erythema and pruritus were mor 
common in patients utilizing an adhesive overlay for the entire 7-day treatment perioc 
Allergic contact sensitization to Catapres-TTS® was observed in 5 patients 

In additional clinical experience, contact dermatitis was observed in 100 of 631 patient 
(about 16 in 100) treated for a mean duration of 24 weeks 

The following less frequent adverse experiences were also reported in patients involved i 
the multiclinic trial with Catapres-TTS* 


Gastrointestinal: Constipation (1 patient); nausea (1); and change in taste (1) 


Central Nervous System: Fatigue (6 patients); headache (5); lethargy (3); sedation (3 
insomnia (2); dizziness (2); and nervousness (1) 


Genitourinary: Impotence/sexual dysfunction (2 patients) 


Dermatological: Localized vesiculation (7 patients); hyperpigmentation (5); edema (3 
excoriation (3); burning (3). papules (1); throbbing (1); blanching (1); and generalize 
macular rash (1) 


In additional clinical experience involving 3539 patients, less common dermatologic rea 
tions have occurred, where a causal relationship to Catapres-TTS* was not establisheq 
maculopapular skin rash (10 cases): urticaria (2 cases); angioedema involving the face ( 
cases), one of which also involved the tongue 

Oro-otolaryngeal: Dry throat (2 patients) 

in long experience with oral clonidine hydrochloride. the most common adverse reaction 
have been dry mouth (about 40%), drowsiness (about 35%) and sedation (about 8%). | 
addition, the tollowing adverse reactions have been reported less frequently 
Gastrointestinal: Nausea and vomiting, about 5 in 100 patients; anorexia and malaise, eac 
about 1 in 100; mild transient abnormalities in liver function tests, about 1 in 100: parotitis 
rarely 

Metabolic: Weight gain, about 1 in 100 patients: gynecomastia, about 1 in 1000: transier 
elevation of blood glucose or serum creatine phosphokinase, rarely 

Central Nervous System: Nervousness and agitation, about 3 in 100 patients; menté 
depression. about 1 in 100 and insomnia, about 5 in 1000. Vivid dreams or nightmares, othe 
behavioral Changes, restlessness, anxiety. visual and auditory hallucinations and deliriur 
have been reported 


Cardiovascular: Orthostatic Symptoms, about 3 in 100 patients; palpitations and tachyca 
dia. and bradycardia. each about 5 in 1000. Raynaud's phenomenon congestive heart fail 
ure, and electrocardiographic abnormalities (i.e. conduction disturbances and arrhythmias 
nave been reported rarely 


Dermatological: Rash, about 1 in 100 patients; pruritus, about 7 in 1000; hives angioneu 
rotic edema and urticaria, about 5 in 1000; alopecia, about 2 in 1000 

Genitourinary: Decreased sexual activity, impotence and loss of libido, about 3 in 101 
patients; nocturia, about 1 in 100; difficulty in micturition, about 2 in 1000: urinary retentio 

about 1 in 1000 

Other: Weakness, about 10 in 100 patients fatigue, about 4 in 100; headache, and discon 
tinuation syndrome, each about 1 in 100; muscle or joint pain, about 6 in 1000 and cramps q 
the lower limbs, about 3 in 1000. Dryness. burning of the eyes, dryness of the nasal mucos 

pallor, weakly positive Coombs test. increased sensitivity to alcohol and fever have bee 
reporteg l 
How Supplied: Catapres-TTS*-1 (clonidine). Catapres-TTS*-2 (clonidine) or Catapre 

TTS*-3 (clonidine) is supplied as 4 pouched systems and 4 adhesive overlays per cartor 
2 


Catapres-TTS*-1 or Catapres-TTS€-2 is supplied in a shipper of 3 cartons 
Consult package insert before prescribing 
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Safety of Outpatient Cardiac Catheterizations 


W. PETER KLINKE, MD, GEORGE KUBAC, MD, TAL TALIBI, MD, 
and SIMON J.K. LEE, MD 


Since 1979 most of the cardiac catheterizations at 
the investigators’ institution have been performed 
as Outpatient procedures. All cardiac catheteriza- 
tions performed over a 66-month period were ana- 
lyzed. A total of 3,071 outpatient cardiac cathe- 
terizations (83% of all cardiac catheterizations) 
were performed. The percutaneous femoral tech- 
nique was used in 98 % of the procedures. Most pa- 
tients (79%) had both right and left-sided cardi- 
ac catheterization and coronary angiography, 
which showed significant coronary artery disease 


(70.4%). Only 13.6% of the study results were 


normal. Thirty-four patients (1.1%) had major 
complications, including 4 deaths (0.1396). Seventy - 
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patients (2.3% ) were admitted for observation on- | 


ly. More than 96 % of all patients did not have a ma- 
jor complication and were discharged the same 
day. Thus, outpatient cardiac catheterization can 


be performed safely, with a potential reduction - 
in hospital costs and better utilization of medical 


beds. 
(Am J Cardiol 1985;56:639-641) 





Cardiac catheterization and coronary angiography have 
become important and integral components in the in- 
vestigation of patients with cardiovascular disease. 
Development of cardiovascular surgical techniques and, 
more recently, balloon angioplasty, has resulted in a 
dramatic increase in the number of cardiac catheter- 
izations performed. In a busy hospital this can place a 
burden both on bed utilization and budgets. We herein 
report our consecutive series of patients undergoing 
outpatient cardiac catheterizations by the percutaneous 
femoral method. 


Methods 


All patients were initially referred to and evaluated by one 
of us. A complete history, physical examination and necessary 
investigations were performed before the catheterization. The 
procedure was explained and consent was obtained at this 
time. 

Criteria for an outpatient study was up to each cardiologist, 
but in most cases the only reason for not doing an outpatient 
cardiac catheterization was that the patient was already in the 
hospital because of complications of cardiovascular disease 
such as unstable angina, myocardial infarction or congestive 
heart failure. Most patients came from the metropolitan area. 
However, several patients from out of town, if stable and ac- 
companied by a relative, were given the option of outpatient 
cardiac catheterization and stayed overnight with relatives 
or in a nearby hotel. 

Patients were admitted on the day of the procedure to an 
outpatient day care facility located within the hospital. After 
the usual preparation the patient was taken to the cardiac 
catheterization laboratory. Patients were routinely premed- 


From the Royal Alexandra Hospitals, Edmonton, Alberta, Canada. 
Manuscript received January 7, 1985; revised manuscript received April 
15, 1985, accepted April 22, 1985. 

Address for reprints: W. P. Klinke, MD, Royal Alexandra Hospital, 
Division of Cardiology, Room 6227, Edmonton, Alberta T5H 3V9 
Canada. 


icated with 10 mg of Valium? (diazepam) orally, but there was 
no routine order for nitroglycerin, heparin or atropine. 


Hemostasis after the procedure was achieved by manual - 


pressure and the patient was transferred back to the outpa- 
tient area for observation. A sandbag was used to assure he- 
mostasis for 4 hours. After this time, if there were no signs of 
bleeding, thrombosis or hypotension, the patient was allowed 


m P 4 


to ambulate for 2 hours further and then discharged. A full- 


time nurse was in attendance to record vital signs and observe 


for bleeding or loss of pulse during the patient's stay. Upon . 


discharge the patient was advised not to undertake any ac- 


tivities for the remainder of the day. Full activities were al- 


lowed the next day. Written instructions were given to each 
patient to return immediately to the hospital if signs of 
bleeding or thrombosis occurred. Patients were followed up 


by their own physicians and cardiologists within a week of — . 


discharge. 


Results 


We reviewed all the consecutive cases done from 
January 1979 until June 1984. This was done by re- 
viewing both the Catheterization Laboratory log book 


and a computerized summary record that detailed the - 


procedures and complications on all patients. A medical 
record search was done to determine which patients had 
been admitted to the hospital up to a month after dis- 
charge from the catheterization. In addition, each car- 
diologist kept a record of catheterizations he performed 
and complications that resulted. 


Of 3,694 cardiac catheterizations performed during 


the 66-month period, 3,071 (83%) were performed as- - 


outpatient procedures. Ninety-eight percent of the 
procedures were performed using the Seldinger tech- 
nique with Judkins-type preformed catheters; 79% of 
all patients had both right- and left-sided cardiac 
catheterization and coronary angiography. Most pa- 
tients were men (Table I) with coronary artery disease 
(70.4%). Only 13.6% of all the patients studied had 


$e t4 





d AA ^r MI TI^ " : Te ` ^, ^T ACT I-DI^ AT z Q 
Lm \ AI J | “Fr : : , i "Jj Ji ' TEM. PI VIN M 
D ^. >. " à m N f TEM E LE 
Y ET Y " 3 UUDET CUP o NR RNC ERUIT UR MdL COR. PTS 
5 Ak Y " "am E F . ] 






































Ld Sa 
vis Ai AEN hs ay g 
y Fx J t A "Ps i m Ww 3 TI c P oU i i 
CA iyi e 13 pot. D 7 T. 6 , 


E. TABLE nh: nacer of Patients Undergoing 
iP E. fud Outpatient Cardiac Catheterization 


Ma ^. 74.096 





y UL artery disease (75096 stenosis) 70.496 
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E — normal study results. Twenty-seven percent of all pa- 
- tients had 3-vessel disease, 32% had 2-vessel disease, 
.. 36% had 1-vessel disease and 5% had significant left 
. main narrowing. 
Complications (Table II): Thirty-four patients had 
Er E significant complications (1.1%). Four patients died. 
m . One patient died in the cardiac catheterization labo- 
E. i ratory after dissection of the left main coronary artery. 
This patient had severe 3-vessel disease and previous 
myocardial infarction. Anaphylactoid shock developed 
E. in 1 patient after left ventricular angiography and the 
1 |. patient could not be resuscitated. T'wo patients died 
: . outside of the cardiac catheterization laboratory. One 
|. patient suffered out-of-hospital cardiac arrest after he 
. was discharged home. This patient had 2-vessel disease 
with a previous myocardial infarction and had been 
. stable before, during and after the cardiac cathe- 
Pterization. His predischarge electrocardiogram and 
. examination did not show any signs of ischemia or 
EU ventricular irritability. Another patient had a cere- 
i> B enar accident during the procedure and died 
- approximately a week later, secondary to complications 
related to the stroke. 
x _ Thirteen patients had significant arrhythmias re- 
PS Wabiring either treatment and/or admission to the hos- 

— pital; 8 of these patients had ventricular tachycardia or 
p - ventricular fibrillation, which was successfully treated 
— with lidocaine and or ventricular defibrillation. One 
ij " prpatent with significant coronary artery disease had a 
= cardiac arrest approximately 10 hours after discharge 
1e - from the hospital. He was successfully resuscitated but 
SM did suffer long-term neurologic damage. The remaining 
m — patients had bradyarrhythmias, which responded to 
— atropine or pacing. None of these patients had further 
= complications. 

A Only 2 patients had a myocardial infarction within 
. . 24 hours after cardiac catheterization. Both patients 
_ recovered uneventfully. Eleven patients had vascular 
ED . complications related to the procedure. Three patients 





Low right groin abscesses and were treated with drainage and 
-~ antibiotics. Six patients required admission after the 


A ardiac catheterization. 

.— Fowr patients had a cerebrovascular accident. Two 
| ef these patients had only transient symptoms, which 
-. resolved completely within 24 hours. One patient who 
. had a history of hypertensive disease for many years had 
Bee a brain stem infarction during left ventricular angiog- 


^ raphy. This resulted in permanent residual neurologic 
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TABLE II Complications 


Mortality 4 0.13% 
Arrhythmia 13 0.42% 
Myocardial infarction 2 0.07% 
Vascular complications 11 0.35% 
Neurologic complications 4 0.14% 
Other 70 2.30% 
No complications—discharged same day 2,967 96.59% 


Total 3,071 100 % 


damage. Another patient had a cerebrovascular accident 
during the procedure and died a week later. (This pa- 
tient is listed as one of the 4 deaths.) 

Seventy patients (2.3%) were admitted after the 
procedure for a variety of reasons, including severity of 
disease, hypotension, bleeding at the puncture site, 
vasovagal reactions, allergic reactions and social reasons. 
More than 96% of patients had no complications and 
were discharged the same day. 


Discussion 


The incidence of major complications of cardiac 
catheterization in previous studies has been well doc- 
umented. Bourassa and Noble! reviewed 5,250 patients 
studied by the percutaneous femoral approach at the 
Montreal Heart Institute with a reported mortality rate 
of 0.23%, a nonfatal myocardial infarction rate of 0.09%, 
a vascular complication rate of 0.85% and a neurologic 
complication rate of 0.13%. Potentially serious ven- 
tricular arrhythmias were seen in 0.80% of cases. Thus, 
the total major complication rate in their study was 
2.1%. Abrams and Adams? reviewed data compiled from 
a national survey of cardiac catheterization laboratories _ 
in 1975. A total of 89,079 patients underwent angiog- | 
raphy by both the femoral and brachial methods. They  - 
found an average mortality rate of 0.15%, a myocardial 
infarction rate of 0.23% and cerebral embolism in 0.10% 
of patients studied by the femoral technique. 

More recently, Davis et al,’ in a collaborative study, 
prospectively analyzed the complications of coronary 
arteriography in 7,553 patients. The average mortality 
rate was 0.20% overall (0.14% femoral and 0.51% bra- 


: chial procedure), nonfatal myocardial infarction oc- 


curred in 0.25% (0.22% femoral and 0.42% brachial), 
vascular complications in 0.70%, embolic episodes in 
0.09% and ventricular fibrillation in 0.63%, yielding a 
total major complication rate of 1.87% (1.78% for the 
femoral approach). These studies have been the stan- 
dard against which all cardiac catheterization labora- 
tories must compare. 

In an attempt to improve utilization of health care 
resources, outpatient cardiac catheterization has been 
initiated in many laboratories. Early reports from these 
laboratories suggested that the complication rate could 
be comparable to that seen with inpatient procedures.*° 
The most detailed report on outpatient cardiac cathe- 
terization by the percutaneous femoral method comes 
from Mahrer and Eshoo. His group reported on 308 
patients and found a mortality rate of 0.30% and a major 
complication rate of 2.24%. Ninety-one percent of their 
patients were discharged the same day and 6.8% were 
admitted for observation. The incidence of major 







ee ip Farinas 
(%) (%) 
0.85 0.13 
fr: 0.10 
0.70 0.09 
0.65 0.32 
0.35 0.14 


CNS = central nervous system; MI = myocardial infarction. 


T A 

|. com mplications i in our series (1.1%) compares favorably might have been different if they had been i inpat 
ps P both the inpatient and outpatient series previously The incidence of this complication (0. 065%) i is v 

‘x within the probability of natural occurrence for pat 

Ti deat as good as or exceeds the RIO rates. Ninety-six with cardiac disease. 

d. Ad . percent of our patients were discharged the same day In conclusion, the present study indicates that 

"x .. of the procedure. patient cardiac catheterization is safe and feasible 

"d hes The 2 patients who had out-of-hospital cardiac arrest may reduce the cost of evaluation of cardiac in 

. after discharge deserve further comment. One patient Ackusstédgient We ure indohiéd- to the Nul 
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. neurologic deficit as a consequence. Both patients had Cardiac Catheterization Laboratory at the Royal A i of n e 


cant multivessel coronary artery disease, but were Hospitals. a 
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um. stable condition before and after the procedure. Pa- | mue 

tients with serious coronary artery disease are at risk for References a: 1 | 
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Relation of Hemoglobin A, and Blood Glucose 
to Cardiac Function in Diabetes Mellitus 


RICHARD S. GOLDWEIT, MD, JEFFREY S. BORER, MD, LOIS G. JOVANOVIC, MD, 


ANDREW J. DREXLER, MD, CLARE A. HOCHREITER, MD, RICHARD B. DEVEREUX, MD, 
and CHARLES M. PETERSON, MD 





To examine the relation of short- and long-term 
changes in glucose metabolism to cardiac function, 


E radionuclide cineangiography and echocardiography 
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were performed in 10 young insulin-dependent di- 
. abetic patients without clinical evidence of heart 
disease. Cardiac assessments were performed 
before and after both acute variations in blood glu- 
- cose, and induction of chronic ''tight glucose con- 


sg trol" involving normalization of hemoglobin A, 


concentrations. In diabetic patients, left ventricular 
EC) ejection fraction (EF) at normal blood glucose 
. concentration was indistinguishable from values in 
-. 11 normal subjects. However, during hyperglycemia 
- (about 300 mg/dl), the average EF at rest was 61%, 
significantly higher than that during normoglycemia 
Ee, p <0.001). No significant change in LV dia- 


- The association between diabetes mellitus and clinically 


— important cardiac disease has long been recognized, but 


_ the effects of acute and chronic control of glucose me- 
tabolism on cardiac function in the diabetic patient are 
- not well defined. Although coronary artery disease is the 
most common cause of clinical cardiac debility in the 


k diabetic patient,! clinical, 9 epidemiologic,’ experi- 
— mental?? and autopsy data210 suggest that primary 
— myocardial dysfunction also may result from diabetes. 


However, both the existence of such a condition!!!” and 
its relation to clinical control of glucose metabolism 


X remain unclear. Many proteins are glycosylated in the 


el pu — 


— poorly controlled diabetic patient,!?-!^ and extrapola- 
-— tion from this observation!9-1? suggests that elevated 
blood concentrations of hemoglobin A;, a glycoprotein 
Biodicator of the chronic (approximately 6 weeks) aver- 
— age blood glucose level,!? may occur concomitantly with 
— glycosylation reactions involving myocardial proteins. 
— An excess of myocardial glycoproteins has been noted 
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stolic dimension was noted in association with shifts 
between high and normal blood glucose concen- 
trations. Normalization of hemoglobin A, was 
achieved within 6 to 25 weeks. This alteration had 
no significant effect on LVEF, mitral valve E-F slope, 
or the response of systolic function to blood glucose 
levels. In addition, no correlation was found between 
LVEF and hemoglobin A, concentrations in 4 of 5 
evaluation periods. Thus, in young insulin-dependent 
diabetic patients without overt heart disease, vari- 
ation in blood glucose concentration is associated 
with small but significant variation in EF at rest; 
normalization of hemoglobin A, has no significant 
effect on LVEF or the response of systolic function 
to blood glucose levels. 

(Am J Cardiol 1985;56:642-646) 


at autopsy in diabetic patients without other apparent 
heart disease and in animals with experimentally in- 
duced diabetes mellitus, and has been associated with 
diminution of both left ventricular (LV) compliance and 
systolic functional reserve.?? Therefore, to assess pro- 
spectively the cardiac functional effects of both acute 
variations in blood glucose and of chronic “tight blood 
glucose control," defined as involving normalization of 
hemoglobin A4, we performed radionuclide cineangi- 
ography and echocardiography in 10 young diabetic 
patients without clinically apparent cardiomyopathy. 


Methods 


Ten patients (7 men and 3 women), aged 21 to 30 years, with 
insulin-dependent diabetes mellitus were studied. No patient 
had evidence of coronary artery or other cardiac disease, and 
none had a systemic disorder other than diabetes that might 
affect the heart. The mean duration of known diabetes was 
7 years (range 3 weeks to 18 years). All patients were within 
20% of ideal body weight. Two patients had proliferative di- 
abetic retinopathy. All patients were receiving insulin therapy 
before and during the study. Before the study, all patients had 
normal blood urea nitrogen and creatinine levels. 

'The study design is depicted in Figure 1. Patients were 
admitted to the Clinical Research Center; morning insulin was 
withheld until the blood glucose level was elevated to ap- 
proximately 300 mg/dl. Baseline noninvasive assessment of 
cardiac function was then undertaken (C). After initial de- 
terminations, closed-loop insulin therapy (see later) was 














carried out during a 4-hour period to bring blood glucose levels 
into normal range, approximately 80 mg/dl. Examination of 
LV function was then repeated (C2). Closed-loop insulin 


therapy was used to maintain normoglycemia until the next 


morning, when LV function again was assessed (C3). The 


_ patients were then discharged from the hospital, and treated 


with insulin therapy using home glucose monitoring (see 
later). This regimen was continued for at least 6 weeks, until 
chronic normoglycemia had developed as indicated not only 
by patient-monitored glucose determinations but also by 
normalization of hemoglobin A;. Patients were readmitted 
for noninvasive cardiac assessment while normoglycemic (C4). 
Insulin was withheld for 4 hours, permitting blood glucose 
levels to rise with administration of a glucose load, again to 
approximately 300 mg/dl, at which point the final cardiac 
assessment was undertaken (Cs). The direction of acute al- 
teration in blood glucose was reversed (high to normal vs 
normal to high) at Cı, C2 vs C4, C5 to eliminate potential 
methodologic bias or diurnal influences in assessing the effects 
of such alterations. All cardiac assessments were performed 
approximately 3 hours after meals. 

Two methods of closed-loop insulin therapy were used to 
achieve rapid alterations in blood glucose concentration. 
During the first hospitalization between C; and C», 7 patients 
were treated using an artificial endocrine pancreas (Biosta- 
tor®, Life Science Instruments). To eliminate potential saline 
load effects that may accompany use of the Biostator, in- 


hospital manipulation of blood glucose was achieved at all 


other times by a manual closed-loop system," consisting of 
fingerstick blood glucose determinations and administration 
of either intravenous insulin or oral glucose loads. 

Outpatient insulin therapy consisted of a previously de- 
scribed split-dose sliding scale insulin regimen and home 
glucose monitoring system!? to effect normalization of he- 
moglobin Aj. 

At each cardiac assessment (C, to C5), Biostator plasma 
glucose readings or reflectance colorimeter blood glucose 
determinations!? were performed and were confirmed by as- 
sessment of plasma glucose by standard techniques. Plasma 
glucose measurements are approximately 15% higher than 
blood glucose determinations (to which all plasma glucose 
measurements were converted). 

Chronic “blood glucose control” was assessed by determi- 
nation of hemoglobin A; levels at weekly intervals. Blood 
samples were saline-incubated according to the method of 
Goldstein et al2° to minimize effects of acute blood glucose 
changes on hemoglobin A; measurements, and were chro- 
matographed the following day. Total glycosylated hemo- 
globin was determined in triplicate by ion exchange chroma- 
tography using a prepacked microcolumn (Quik-Column,® 
Helena Laboratories). Follow-up cardiac evaluation was 





performed when the final hemoglobin A; concentration was | 
within normal range (5.9 to 8.9%). Initial and final (post- 
treatment) hemoglobin A; concentrations used in analysis - 
were each the average of 3 separate determinations made - 
within a period of 2 weeks. e 

Noninvasive cardiac evaluation at each assessment point - 
(Cı to Cs) included M-mode echocardiography at rest and. 
radionuclide cineangiography performed at rest and exercise - 
as indicated in Figure 1. Echocardiographic determinations — 
were made using standard techniques and measurement cri- - 
teria.?! LV diastolic dimension (DD) and mitral valve E to F. 
slope (MVEFS) were determined as the mean of measure- 
ments from 3 consecutive cardiac cycles. Gated equilibrium . 
radionuclide cineangiography, using technetium-99m-labeled | 
red cells, was carried out with the patient at rest in the mod- - 
ified left anterior oblique?? and right anterior oblique posi- 
tions, and during maximal symptom-limited supine bicycle 
exercise in the modified left anterior oblique position. Data 
were collected by methods analogous to those previously de- 
scribed.22-24 After images and time-activity curves were ob- 
tained with the patient at rest, bicycle ergometry was begun 
at a load of 25 W, with increments of 25 W at 2-minute inter- 
vals. Exercise was continued at assessment C, until fatigue 
or dyspnea prevented further exercise; at subsequent exercise 
studies, exercise was continued until the patient had reached. 
an external workload and heart rate indistinguishable from 
that at C1. This endpoint generally was also associated with 
limiting dyspnea or fatigue. Imaging always included the final 
2 minutes of exercise. E 

Radionuclide cineangiographic data obtained in the dia- 
betic patients were compared with data obtained in 11 age- 
matched normal volunteers (10 men and 1 women, aged 19 to 
30 years) without clinical, electrocardiographic or echocar- 
diographic evidence of cardiac abnormalities. Previous studies ! 
in large groups of normal subjects in our laboratories, in- 
cluding subjects aged 19 to 30 years, have indicated that LV 
ejection fraction (EF) varies between 45 to 75% when such 
subjects are at rest, and that during exercise to heart rates of. 
110 beats/min or higher (the range achieved in our diabetic: 
patients), EF invariably exceeds 54%, and increases at least. 
5% during exercise.?5»?6 A. 

Data are expressed as mean + standard error of the mean. 
Statistical assessments were performed with Student t tests. 
for paired and unpaired data (as appropriate) and with linear 
regression analysis.2’ “Multiple look” bias theoretically may 
affect conclusions based on this approach because one can. 
generally expect that 1 in 20 p values will be «0.05 when no 
difference exists. However, the highly statistically significant 
differences (<0.001) noted among results obtained at different 
assessment points in the protocol quantitatively indicate that 
these differences can be expected to be real. 
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Noninvasive Gr Co C3" Cy" Cs 
Cardiac — (11am) (3pm) (11am) (11 am) (3pm) 
Assessment 
FIGURE 1. Study design. Diabetic patients progressed Period 4 hrs--|-- 20 hrs +|+—— 2 6 weeks — |< 4 hrs 
sequentially (left to right) through the noninvasive cardiac 300 (outpatient) 300 
assessments. The state of glucose metabolism control Blood P. 
was therapeutically altered in accordance with the upper Glucose ——> Nr 
and lower diagrams, which represent blood glucose and (mg/dl) O 803 
hemoglobin A levels, respectively. Normal hemoglobin O s. 
A; is less than 8.996. C; to Cs = cardiac assessment : 
periods. * When radionuclide cineangiography was per- Vie ay 
formed both at rest and during exercise. j i 
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- shown in Figure 2. Hemoglobin A; concentrations were 
_ supernormal at baseline in 9 of 10 patients. Average 
hemoglobin A; decreased from 10.4 + 0.5% to 7.6 + 0.2% 


glucose level was less than 100 mg/dl at all other 
. assessments. 
__ At each evaluation (C; to C5), none of the 10 patients 


2 ow 


- demonstrated regional LV dysfunction. Moreover, when 


es for patients were statistically indistinguishable 

from those of normal subjects (Fig. 3). All patients had 
- à normal increase in EF with exercise at each of the 3 
sessments in which exercise was performed. No sig- 
ant changes in heart rate and blood pressure were 
noted at different assessment points (C; to C3). - 

—.. However, a small but significant variation in EF at 
- rest was noted in association with variation in blood 


rest was significantly higher than during normogly- 

cemia. This relation was present when C, values were 
- compared with those obtained after either 4 or 24 hours 
- of therapy. EF during exercise did not vary significantly 
—— with blood glucose changes (exercise EF C, = 74 + 3, EF 
— €3 = 72 + 3%, difference not significant [NS]). After 
— normalization of hemoglobin Aj, the variation of EF at 
. est with blood glucose again was noted (Fig. 4), al- 





cae 
aft 
ae i 
i35 

L^ d 


3 yi 


450 PRE-CHRONIC POST-CHRONIC 
CONTROL — CONTROL - 
(HbA, =10.4%) (HbA, =7.6%) 
300 


(mg/dl) 


150 





BLOOD GLUCOSE CONCENTRATION 
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BELARTA i 
_ FIGURE 2. Blood glucose concentration at each cardiac assessment 


-. period both before and after normalization of hemoglobin A4 (CHRONIC 
~ CON ROL). One patient did not undergo cardiac assessment at C3. O 


2 


p average hemoglobin A: N.S. = not sianificant. 


= average values; C, to Cs = cardiac assessment periods; HbA, = 


though the sequence of glucose alterations was reversed 
as compared with C4, Co. i 

Achievement of chronic blood glucose control, as in- 
dicated by the normalization of hemoglobin Aj, had no 
significant effect on EF at rest, either during normo- 
glycemia or during hyperglycemia (Fig. 4), or during 
exercise (exercise EF C4 = 72 + 4%, NS vs C4). More- 
over, regardless of blood glucose concentration, no sig- 
nificant correlation existed between hemoglobin A; and - 
EF at rest except for rest EF C3 where the correlation 
coefficient (r = —0.70) reached minimal statistical sig- 
nificance (p <0.05). No significant correlation existed 
between hemoglobin A; and EF during exercise at any 
evaluation period. 

Echocardiographic assessment revealed no significant 
difference between average LVDD when blood glucose 
was normal (LVDD C» = 4.7 + 0.2 cm) and when blood 
glucose was elevated (LVDD C, = 4.8 + 0.1 cm [NS vs 
C5]). Moreover, during all assessments of the diabetic 
patients, LVDD was within the range measured in 
normal subjects. In addition, no significant change in 
LVDD resulted after normalization of hemoglobin A, 
(LVDD C4 — 4.8 t 0.2 [NS VS Cə], Cs = 4.8 + 0.2 cm [NS 
vs C1]). Thus, the decrements in LVEF manifested on 
normalization of blood glucose occurred without echo- 
cardiographic evidence of significant LV diastolic vol- 
ume change. 

Echocardiographic assessment of MVEFS showed 
that although 2 patients manifested subnormal MVEFS 
(less than 50 mm/s) before outpatient therapy, values 
for all patients were virtually unchanged after nor- 
malization of hemoglobin A; (MVEFS C; = 64.9 + 6.0, 
Cs = 68 + 6.0 mm/s, NS) or acute shifts in blood glucose 
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FIGURE 3. Effect of maximal exercise (EX) on left ventricular (LV) 
ejection fraction in normal subjects, and in diabetic patients during 
assessment period C3, when the blood glucose level was normal (mean 
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y (MVEFS C = 733 6.0 [NS vs Cy], C,=6547 Omm/s | 
[NS vs Cs]). Thus, no change in this index of LV com- 
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pliance?? was detected during the interventions used. 


Discussion 


— Patients with diabetes mellitus frequently manifest 


clinical evidence of cardiac disease, primarily in asso- 
ciation with abnormalities of the coronary arteries.! 
Evidence for a “diabetic cardiomyopathy" in the ab- 
sence of coronary disease has only recently accumu- 


- Jated,2-!? and its existence, pathogenesis and clinical 


importance remain controversial.! i1? Further, the ca- 
pacity for modification of LV function in the diabetic 
patient by shifts in blood glucose and insulin concen- 
trations (which substantially modify cardiac metabo- 
lism!? and may cause glycosylation of myocardial pro- 
teins16-18 with resultant alteration in cardiac structure 
and function?) is poorly understood. 

Our findings indicate that moderate hyperglycemia 
in the young diabetic patient is associated with a small 


-increase in LVEF at rest compared with results ob- 


tained in the normoglycemic state. This relation be- 
tween EF and blood glucose is not mitigated by chronic 
tight glucose control involving normalization of hemo- 


globin Aj, and it is not clear which of many mechanisms 


may explain such an effect. Although echocardiographic 
measurements suggested that no significant alteration 


.. jn end-diastolic volume occurred in association with 


acute changes in blood glucose, we cannot preclude the 


possibility that small volume shifts may have occurred, 


undetected by our methods, changing EF in accordance 
with the Frank-Starling relation. Also, high concen- 
trations of blood glucose, like mannitol, exert osmotic 


effects that can alter cardiac function by dilating re- 
= sistance vessels, increasing coronary blood flow,?? 


causing autonomically mediated responses?? and en- 
hancing inotropic state.?! Moreover, in diabetic pa- 
tients, changes in the relative amounts of glucose and 
insulin exert complex effects on glucose utilization, 


- adenosine triphosphate levels, and 8 oxidation of free 


fatty acids, which may also result in alterations in con- 


— tractile function.!? 


Our results suggest that acute changes in glucose 
metabolism can cause small but significant modification 
of cardiac function in the diabetic patient. The associ- 
ation of blood glucose and EF may be of clinical im- 
portance. Evaluations of LV function in patients with 
diabetes mellitus should be performed with the 
knowledge that the blood glucose at the time of testing 
may affect results. Whether acute changes in blood 
glucose and resultant small changes in cardiac function 
are of significance for the diabetic patient with heart 
disease would appear to be dependent on the mecha- 
nism by which glucose acts on the myocardium, and 
requires further direct study for elucidation. 

Our results indicate that normalization of hemoglobin 
A; in young diabetic patients without cardiac symptoms 
has no significant effect on systolic or diastolic LV 


ie performance. Other investigators show that accumu- 
= lation of interstitial glycoprotein occurs in the myo- 
. cardium in chronically uncontrolled diabetes and is 
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associated with altered ventricular compliance.^5 Our — 
findings are consistent with these earlier results in that 
2 patients manifested clearly subnormal echocardio- - 
graphic E-F slope, and the group as a whole evidenced — 
an average value near the lower end of the normal range. | 
Echocardiography provides only an estimate of diastolic 
function?? and more sensitive indexes may be required — 
to detect alterations in diastolic function caused by al- — 
tered glucose levels. E. 
Although our data failed to show a significant relation — 
between chronic glucose control and cardiac function, . 
conclusions based on these data must be guarded dd 
Previous investigations suggest that diabetic women, - 
and patients with diabetic retinopathy or nephropa 
thy,^? appear most likely to manifest cardiomyopa ic 
findings. Only 3 women and 2 patients with proliferative 
retinopathy were included in our study group, andat 
baseline none of our patients manifested subnormal | 
systolic function and only 2 evidenced diastolic dys- . 
function. Thus, the paucity of detectable preexisting 
systolic and diastolic abnormalities may have precluded 
observation of a significant effect of hemoglobin A; - 
normalization. Also, although myocardial protein deg- 
radation is increased in diabetic rats,?? the rate of ac- 
quisition or turnover of glycosylated myocardial pro- 
teins is not known. Therefore, longer periods of © 
improved diabetic control, more sensitive techniques, - 
or assessment of a different diabetic patient population, - 


might possibly have provided different results. Further. à 


14 


study is needed to clarify these points. ad 
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FIGURE 4. Effect of blood glucose concentration on systolic left ven 
tricular (LV) performance at rest in diabetic patients as determined by 
ejection fraction. Results of cardiac evaluation at Cs were not obtaine 
in 1 patient because of technical difficulties. HIGH — approximately 3 
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Figure 2. We > 
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Electrophysiologic Evaluation of the Cardiac 
Conduction System and Its Autonomic Regulation 
in Familial Amyloid Polyneuropathy 


BO LENNART BERGFELDT, MD, PhD, BERT-OVE OLOFSSON, MD, PhD, 
and KNUT OLOF EDHAG, MD, PhD 


A high incidence of cardiac conduction disturbances 
is a salient feature in familial amyloid polyneuro- 
pathy (FAP) and amyloid infiltration of the con- 
duction system has been found. In patients with FAP 
autonomic nervous dysfunction involving gastroin- 
testinal, urogenital and cardiovascular systems has 
been described. However, the present study is the 
first to evaluate the results of autonomic tests and 
pharmacologic intervention in the autonomic ner- 
vous regulation of the cardiac conduction system 
during an invasive electrophysiologic study. Seven 
patients with FAP and severe disturbances of the 
conduction system, evaluated concerning indica- 
tions for pacemaker treatment, were studied; in 3 


Familial amyloid polyneuropathy (FAP) is character- 
ized by generalized amyloidosis and sensorimotor and 
often also autonomic neuropathy.! Amyloid deposits 
have been demonstrated in the myocardium as well as 
in all parts of the conduction system in patients with 
FAP,2? and atrioventricular conduction disturbances* © 
and sinus node dysfunction’ are important clinical 
manifestations. At least 10% of Swedish patients with 
FAP require permanent pacemaker therapy.® In a 
previous report the presence of autonomic neuropathy 
of the heart was suggested, but the function of the sinus 
node was not evaluated, leaving the question of the site 
of the dysfunction unanswered.’ An electrophysiologic 
study on Japanese patients has been reported, which 
was not designed, however, to test the autonomic 
regulation.!° 

The purpose of the present study was to investigate 
the cardiac conduction system and its autonomic ner- 
vous regulation in patients with FAP. 
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of them the parasympathetic regulation was found — 
to be abolished. In 1 patient the observations indi- — 


cated either vagal overactivity or denervation — 
oversensitivity of the receptors. The function of the — 
B adrenoceptors was intact in all patients, but a 
disturbance of sympathetic innervation could not be — 


excluded. Dysfunction of autonomic nervous regu- 


lation of the cardiac conduction system was thus © 


* 


found in 4 of 7 patients. However, most conduction . 
abnormalities were irreversible, indicating amyloid — 
infiltration of the conduction system as the pre- - 
dominant pathophysiologic mechanism, in accor- — 


dance with the findings of pathoanatomic studies. 
(Am J Cardiol 1985;56:647-652) 


Methods 


Seven patients, representing approximately 10% of the 
Swedish patients with FAP who are alive, were examined. All 
of them had a typical clinical picture and rectal or skin biopsy 
verified amyloidosis. Heart biopsies were not performed. In- 


direct evidence of cardiac amyloidosis was obtained from . 
standard electrocardiograms in all patients, echocardiograms — 


in all but patient 6 and heart scintigrams in patients 1 and 3 
(Table I). As no other cause of heart disease was found, the 
New York Heart Association criteria of cardiac amyloidosis 
were fulfilled." 

The main electrocardiographic diagnosis was atrioven- 
tricular block of varying degree in patients 1, 2, 3, 4 and 5 and 


sinus node dysfunction in patients 6 and 7, in the latter case — 


combined with atrial flutter. They had all experienced 
symptoms that could be attributed to bradyarrhythmias, 
except patients 4 and 7, and the electrophysiologic study was 
part of the evaluation for pacemaker therapy. 

Functional classification (Table I): A 4-grade classifi- 
cation of the severity of the polyneuropathy has been pre- 
sented previously.!? This is essentially equivalent to the rec- 


ommendations of the New York Heart Association for 


classification of cardiac functional status,!? which were also 
applied in this study, except in patient 1, with the most severe 
degree of polyneuropathy. 

Analysis of electrocardiographic recordings: Defini- - 


tions and terms related to cardiac rhythm follow the recom- - 


mendations of Hecht et al!4 and Robles de Medina et al.i5; 
Long-term electrocardiographic recordings of a duration of - 
at least 24 hours were analyzed both automatically and 
manually. 
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EY 3 AE 40 sedated, postabsorptive state during the investigation. 
QUEM Pharmacologic treatment known to affect the cardiac con- 
T. 2 d E duction system was withheld for more than 5 half-lives before 
E 9 the investigation, at which time no measurable amounts were 
E = - 800. found in bloed samples. All patients had given their informed 
ve 4 800 l Sig Lea SE TE 40 consent and the investigation protocol was approved by the 
Rise =~ 700 Medical Ethics Committees of the hospitals. 
x D > 900 Two No. 6Fr electrode catheters with a 1-cm interelectrode 
: E i. o E MN Etre’ pe ae ee a re K distance were introduced percutaneously under local anes- 
B TOME thesia through a femoral vein. A quadripolar catheter was 
x: Pale 5 positioned high in the right atrium against the lateral wall for 
E M simulation and recording. A tripolar electrode catheter was 
ee positioned across the tricuspid valve for recording of low atrial 
i ^ 1000 activity and the His bundle potential. The intracardiac elec- 
oa = SE i T trogram and surface leads I, II, V; and Ve were continuously 
EE 1000 recorded on a multichannel Mingograph (Siemens-Elema) 
S | 900 with frequency limits of 50 and 700 Hz at a paper speed of 100 
à (000 0 mm/s. Pacing was performed with a stimulus duration of 2 ms 
BS 700 at a voltage of 2 to 3 times the stimulation threshold, using a 
EX ue stimulator for programmed pacing (Devices Ltd). 
ee ‘Sinus’ Geet ;to "beat Investigation protocol: Recordings of spontaneous heart 
E than amus beak: ic kaii rhythm and conduction intervals were first obtained in the 
TAN basal state and later analyzed for beat-to-beat variations of 


E 


» . FIGURE 1. Spontaneous variations in atrial activity recorded during the 


P. n nodal extrasystoles with compensatory pauses. Sinus node activity 


.. node activity in a continuous undulating mode within reference limits, 
.. cansistent with normal sinus node function and normal responses to 
| * tid sinus pressure and atropine injection. Patient 5— minimal 

_ variations in sinus node activity, implying impaired vagal function, 
_ consistent with the absence of response to carotid sinus pressure and 
. the minimal response to atropine injection. Patient 6—increased sudden 
. variations in sinus node activity occurring in a haphazard way, possibly 
ni refle cting the sinus node dysfunction. Even greater variations due to 
ec opic supraventricular beats are seen. Patient 7—had constant atrial 


flutter. 
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sinus node activity (Fig. 1). 

Carotid sinus pressure was then applied for 2 periods of 10 
seconds on each side. PP and AH intervals were measured as 
the average of at least 5 and 3 intervals, respectively, imme- 
diately before and during carotid sinus pressure. 

The sinus node recovery time was determined by atrial 
pacing for periods of 10 seconds (3 times) and 30 seconds (2 
times) at atrial rates of 90 and 130 beats/min. The longest 
recovery time was chosen and corrected for heart rate by 
subtracting the mean of 5 PP intervals immediately before the 
pacing period. 

The paced atrial rate at Wenckebach block was determined 
by incremental pacing, with increments of 10 impulses per 
minute (ipm)/10 seconds, starting at a rate slightly above the 
resting rate. The refractory period of the atrioventricular node 
was determined by delivering 1 atrial extrastimulus at de- 
creasing intervals coupled to a 5-second period of regular 


pacing at 100 ipm or the highest possible rate below 100 ipm.. . 


4 bu 1 


; ‘peunuojied jou = “sown Zinda əpou snuls = LYS ENA puepueys = = as ‘Il peol *xejduuoo TENIU jo uoneunp 

= "SO ‘i| pee ‘emazu; uononpuoo ejnouquenouye = Od ‘emau! Uononpuoo [Eme = vd ‘emau; ut l  efupung-siH = AH :91e1 peau = YH 'epou jejnoujueAOuge eui 
jo ponad mi NENIA = NAV-du3 Um Á19^0901 er snuis HR = LYSO :uoniqiuut QUO} DIWOUOINE = |1 V ‘JEMU; uoronpuoo [epou AeINO|WUEAOLe = HV 
Ts 104 Buo | as soe See = 1 Tende SIH uds + sonni jeuav . 


> 
i ^ 


Tet Es S0S-0/  GvS-002 ozr‘ m Gel 1-006 | z 09-0c 
y — 97. — ww — 6002 — $i X was e 
000v« S96  O0v'9« 00b E | E: |. 0€ 
Occ . S£ AES > 000]. ^7 4€ 0. 961. v Sp 
TS 0E OF: c 080't : Sec L SSL ^ SI è 99 
|: GSS Si* —— oog OU —— | eS Gl 
| . 089 Sv9 0cv'l Stt‘ 0 | 98 - 
+ 


‘(uwysyeeq) . (su)NAV-dH3 
aey uoeqaxoueM ! 


i SA - (as zx vean) 
S9-SE S9-S2 002-02L 002-021 001-99 - . 00L-0S 0€6-Sco 002° "cea ,z9n|E€^ [JEUJON 
9s es . ( i: ae = ueew. 
e. 9k. 
(08 Sy 
4 DAE. 


 &K|-oaosoor 


0L 
(09 


(uiuu/syeeq) uH 


jojoueidoig pue euidoayv 
kq ouo, »uouoiny jo uoqiyul jv pue erojog siso jeuonoung |ePON JeINOLUOAOLY pue anus jo synseg pue sjeaayul uononpuo) |i318Vl 








r 





eve "za 
nA^DATL V IM CARAT 
(JRA Tr -= t 
hs à t NF "HL! 
74 «e CA 5 P? - 
"ise FU PRN Oe 
U i ‘ 





P x 
~ i v d: 
Emu ENS V a Tom P IS Uu In Me et 
al i 3 - IOM A F 
A y 
uM , T "r2 
" V 
LI fan 
xT 
T": 
P 
nme. 


Tas 
er 


= ^ aid ee | at. « 
" ] . 5d - à eT oa ful 
I : AAAA eae) a a 
VM ARAVI Aine cov c e e < 
1 NMYILUIDUO _ 1 " 
1 p ak hi roi 9 ^ 





: TABLE Ill Summary of Tachyarrhythmias and Conduction System Abnormalities in Seven Patients with Familial Amyloid 


ES VG Polyneuropathy. Results Obtained from Standard Electrocardiograms, Long-Term Electrocardiographic 
“a Recordings and Electrophysiologic Studies 
E Pacemaker 
oy is Pt SN AVN HB RBB LAF LPF AVB Degree APC VPC SVT VT Therapy 
E 1 +* 0 FL +* + (+)* I, Il 0 0 0 0 4 
Bes. 2 + $a 0 0 (+) (+) l, IH T - 0 0 0 

A: 3 + + S. T d 0 l, M 0 JT 0 + T 

ES 4 0 0 Li 0 + + | + + 0 0 0 

E 5 a t 0 0 0 0 l, IH 0 + ns 0 + 
m 6 T +? 0 0 + 0 = 0 0 0 0 + 
E 7 + 0 0 [Hin ct i n 0 0 = : i 

E s 
e. ..... * Information obtained only during the electrophysiologic study. Parentheses indicate atypical or intermittent. 
NS. APC = atrial premature complex; AVB = atrioventricular block (first-, second-, or third-degree); AVN = atrioventricular node; HB = bundle of 
ae His; LAF = left anterior fascicle; LPF = left posterior fascicle; RBB = right bundle branch; SN = sinus node; SVT = supraventricular tachycardia; 


$3 p VPC = ventricular premature complex; VT = ventricular tachycardia; + = abnormality present; 0 = normal. 


—— A It was defined as the longest nonconducted extrastimulus 
- — interval. 
— — . Isoproterenol, 0.1 ug/kg body weight, was then given in- 
— . travenously (i.v.) over 30 seconds. The maximal heart rate2° 
—— and the change in heart rate was determined. 
— — Atropine, 0.02 mg/kg body weight, was given i.v. over 30 
~ seconds when the heart rate had returned to the level before 
= . isoproterenol or when 20 minutes had elapsed. PP and AH 
= intervals, the atrial rate at Wenckebach block and the re- 
-— . fractory period of the atrioventricular node were determined 
= — before and after atropine administration. 
a = Propranolol, 0.1 mg/kg body weight, was given i.v. over 30 
-. seconds as soon as possible and usually 10 minutes after the 
- A atropine injection. All aforementioned conduction intervals 
— and functional tests were then repeated during this pharma- 
- . €ologic inhibition of autonomic tone. 
-  — Statistical methods: A Student t test for paired observa- 
— tions was used to compare results obtained under different 


| fom 


. conditions, with a significance level of p «0.05. 


p Results 


— The conduction intervals, uncorrected and corrected 
~- sinus node recovery times, atrioventricular nodal re- 
ye fractory periods and atrial rates at Wenckebach block 
~ . recorded with the patients in the basal state and after 
T: inhibition of autonomic tone by atropine and pro- 
- . pranolol are presented in Table II. Patient 7 had atrial 
_ flutter, which could not be terminated. 

- — Insummary, most patients had widespread involve- 
ment of the conduction system, and 5 received pace- 
— maker treatment (Table III). 

— Interference with parasympathetic regulation 
_ of the heart (Table IV, Fig. 1): The comparison of 
_ data obtained during different conditions did not show 
— any general significant difference, but there were great 
- interindividual differences. 

Parasympathetic stimulation by carotid sinus 
/. pressure did not cause any changes in PP or AH inter- 
E. yals in patients 1, 3 and 5, and parasympathicolysis 
- with atropine had no effect or only a minimal effect on 
-— sinus nodal and atrioventricular nodal function. Figure 
-. lshows minimal variations in sinus node activity in the 
E same patients. These results were probably a result of 
_ severely impaired or abolished vagal regulation of the 
~ cardiac conduction system. In the other patients carotid 


_ sinus pressure or atropine, or both, induced changes, 
Bas indicating residual vagal influence an imnulea farmatian 









: f 


Patient 2 had sinus rhythm in the basal state, with 
first- and second-degree atrioventricular block in the 
atrioventricular node. Both atropine and isoproterenol 
abolished second-degree atrioventricular block and 
normalized the atrioventricular nodal refractory period 
and the Wenckebach rate. 

Interference with sympathetic regulation of the 
heart: The heart rate response to isoproterenol was. 
normal in all patients, with a rate increase to more than 
90 beats/min.?? The average increase in heart rate was 
76% (range 30 to 15596, p «0.01). A comparison between 
the measurements in the basal state and after admin- 
istration of isoproterenol and atropine/propranolol 
showed that the 8 receptors of the conduction system 


in all patients reacted to 8 stimulation as well as to 6 
blockade. 


Discussion 


It has been proposed that FAP may involve the au- 
tonomic nervous system, and de Freitas et al? suggested 
that defective autonomic regulation of the heart may 
occur, but in their study the function of the cardiac 
conduction system was not evaluated.? 

In a recently reported study,!? 8 Japanese patients 
with FAP were investigated electrophysiologically. Two 
had prolonged sinus node recovery time. Wenckebach 
block occurred at low atrial rates, between 77 and 190 
ipm in all 8, of whom 4 also had prolonged refractory 
period of the atrioventricular node; 3 had an HV in- 
terval exceeding 60 ms. Isoproterenol (continuous i.v. 
infusion, 0.5 ug/min) improved impulse formation and 
conduction as expected. However, atropine (1 mg i.v.), 
unexpectedly impaired sinus nodal and atrioventricular 
nodal function in most of their patients, which was not 
observed in our patients. Neither parasympathetic 
stimulation nor S-receptor blockade was attempted and 
no conclusions could be made concerning the cardiac 
innervation.!9 

The present study is the first to combine evaluation 
of the function of the cardiac conduction system and its 
autonomic regulation in FAP patients, and the first to 
unequivocally show autonomic neuropathy of the heart. 
The advantages of performing tests on autonomic heart 
regulation during an electrophysiologic study rather 


than Aisina oe OT idk e aire i FS ES EAA di = 











imis ie 
t n ? * 
TABLE IV Interference with Vagal Regulation of the Heart 
Parasympathetic (Vagal) Stimulation 
Carotid Sinus Pressure (CSP) Compared with the Basal (B) State 
PP (ms) AH (ms) 
Vagal 
Pt B CSP A+ 96 B CSP A+ 96 Activation 
See SIR Pap ME res cD TRUE nk YN a SL ee EE Ee USPTO eee SPS a D 
1 670 670 +0 70 70 +0 0 
2 845 920 +9 320 340 +6 + 
3 810 810 +0 60 60 +0 0 
4 850 1,625 +91 115 225 +96 + 
5 850 850 +0 140 140 +0 0 
6 1,010 +10 110 115 T5 T 
+7 Atrial flutter; no change in blocking ratio 
Mean 839 998 136 158 
Reference?! 600— 1,200 567—1,741 — — 
Parasympathicolysis (Vagolysis) 
Atropine (A) Compared with the State Before (B) Atropine Administration 
Wenckebach Rate 
PP (ms) AH (ms) ERP-AVN (ms) (beats/min) 
B A (+ A%) B A (+ A%) B A (+ A%) B A (+ A%) 208 
1 635 600 +4 80 80 +0 230 220 —4 167 164 —23 
2 670 605 210 320 275 —14 660 410 —38 87 128 +471 
3 640 640 +0 110 110 +0 530 510 —4 98 103 +5” 
4 770 575 —25 110 80 —L 410 270 —34 140 146: +41 
5 710 710 +0 145 150 +3 580 560 =o 102 102 +0* 
6 915 840 yn 100 110 +10 430 360 —16 136 138 +11 
M Atrial flutter; increased proportion of conducted F waves resulting in increased heart rate 
Mean 723 662 144 134 473 388 122 130 


ee 


* Minimal vagolysis; t Vagolysis; * Stopped when difference was clear. 


Abbreviations as in Table Il. 


Patients 1, 3 and 5: changes less than 3-596, mean +1%; patients 2, 4 and 6: changes between +95% and —40%, mean +25%. 


Functional evaluation of the whole conduction system 
was possible and the ability of the heart to respond to 
autonomic stimuli could thus be assessed. (2) The origin 
of spontaneous atrial activity could be accurately de- 
fined (patient 3, Fig. 1). (3) Three measures of atrio- 
ventricular nodal function were obtained: conduction 
time (AH interval), atrioventricular nodal refractory 
period, and atrial rate at Wenckebach block. All of them 
are influenced by autonomic nervous activity, like the 


PP interval, which, often is the only variable recorded 
- in connection with autonomic tests. 


The tests we used require comment: (1) Carotid sinus 
pressure is difficult to standardize, and dysfunction at 
any site along the reflex arc may cause an abnormal or 
absent response. (2) Atropine acts on the neuroeffector 
junction, and improvement of sinus nodal and atrio- 
ventricular nodal function after atropine administration 
must therefore be interpreted as an antagonism of 
preexisting vagal activity. (3) The normal spontaneous 
beat-to-beat variations depend on complex brain stem 
reflexes, with respiration as the main stimulus, and re- 
quire an intact vagal system.?? The results of these 3 
different tests on parasympathetic function were con- 
cordant in all patients investigated (Table IV, Fig. 1). 
The results recorded in patients 1, 3 and 5 therefore 
indicate vagal denervation in a functional sense, but 


- whether the dysfunction was neural or receptor, or both, 
— cannot be stated. 


We could not determine whether the parasympa- 
thetic dysfunction was paralleled by sympathetic ner- 
vous dysfunction in the same patients. However, in 


contrast to the results of the Portuguese study,” we did - 


not find any hyporesponsiveness of the cardiac 9 adre- 


noceptors to isoproterenol, which we gave in the double ~ 


dose. The reactions to propranolol were also as ex- 
pected. Therefore, dysfunction at the 9-adrenoceptor 
level apparently can be ruled out, although sympathetic 
neuropathy cannot be excluded. 

From the quantitative point of view, the dysfunction 


of autonomic heart regulation in the present group of — 


patients did not play a major role in conduction ab- 
normalities, which were unaffected by pharmacologic 
intervention except in patient 2, in whom atropine im- 


proved atrioventricular nodal conduction. The partially _ 


reversible impairment of atrioventricular nodal function 
in this patient could be a result of increased vagal ac- 
tivity, owing to nervous excitation in analogy with 
paresthesias, or a result of denervation oversensitivity 
of the receptors. 

The main pathophysiologic mechanism underlying 
the conduction abnormalities in our patients with FAP, 
apparently is amyloid infiltration of the conduction 
system, in accordance with histopathologic studies.’ 

The disease was fairly advanced in all cases. However, 


the normal findings in regard to vagal function in pa- — 


tient 4 suggest that the vagal function may remain intact 
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— should be extended concerning the interpretation of 


ER CÓ 


- heart rate reactions in autonomic tests to include dia- 


-— quired both in patients with FAP and in diabetic pa- 


* 


_ tients for assessment of the ability of the cardiac 
... conduction system to respond to different autonomic 
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Atrial Septal Aneurysm: Echopolycardiographic Study 3 


CARLO LONGHINI, 
GIANFRANCA MUSACCI, 


TIZIANO TOSELLI, 





Atrial septal aneurysm (ASA) with diagnosis during 


. life is a rarely reported anomaly, especially when 


not associated with other congenital or acquired 
valvular cardiopathies. Among 4,000 routine 
echocardiograms, 23 cases of ASA were found (8 
men and 14 women, aged 19 to 79 years). Three 
. patients had coronary artery disease, 2 had dilated 
cardiomyopathy, 2 had systemic hypertension, 11 





Although atrial septal aneurysm (ASA) is a well known 
morphologic phenomenon,! it has been reported as an 
unexpected finding during autopsy,'? angiographic 
examinations!0-1? and, more recently, echocardio- 
graphic examinations.!9-?9? ASA is rarely diagnosed in 
living patients, particularly when it is not associated 
with other congenital or acquired valvular cardi- 
opathies. The present report describes the echo- 


 phonocardiographic findings of 23 adult patients 


with ASA. 
Methods 


Twenty-three patients among 4,000 consecutive patients 


+ 


examined were found to have ASA by echocardiography. 


Clinical and instrumental data are listed in Table I. Three 
patients had coronary artery disease, 2 had dilated cardio- 
myopathy, 2 had systemic hypertension, 11 had mitral valve 
prolapse (2 of whom also had systemic hypertension and 2 
coronary artery disease) and 5 had no other identifiable car- 
diovascular diseases. Seven patients who underwent cardiac 
catheterization had no detectable shunts on oximetry, and in 
none was a shunt demonstrated by echo contrast. In accor- 
dance with Gondi and Nanda,!9 we selected the presence of 
localized outpouching of the atrial septum as a qualitative 
definition of ASA; overall bulging of the atrial septum was 
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had mitral valve prolapse and 5 had no other iden- à 
tifiable cardiovascular diseases. Echocardiography - 
revealed various motion patterns of ASA. No pho- | 
nomechanocardiographic findings were related to — 
the presence of ASA, and no correlation between . 
echographic and phonocardiographic findings was . | 
found. 

(Am J Cardiol 1985;56:653- 656) 
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excluded from our study.???? Until the present study ond Eo 
echographic study has mentioned a quantitative criterion for RN 
the amount of bulging necessary to define ASA”; we use 0. 8 

cm as the minimal amount of bulging necessary to define ASA. 

Our definition was based on the maximal radius of the 

smallest aneurysm diagnosed by subcostal 2- dimensional 

echocardiography and confirmed by angiography. The echo- E 
cardiographic studies were performed using a commercially _ 
available sector scanner (Smith Kline Instruments, model — 

5,000). Patients were examined in both the supine and 30° | 
lateral position (right and left) during quiet respiration, and | 
the heart was visualized using parasternal, apical, subcostal — 
transducer locations. The M-mode echograms of the ASA were — 
recorded both from the right parasternal?'?? and subcostal | 
views by passing the ultrasound beam through the midportion . 
of the ASA during each cardiac cycle. During our examina- | 
tions, using the right parasternal view, M-mode recordings of — 
the atrial septum did not always give good quality pictures; | 
conversely, good echograms for motion analysis of the atrial | 
septum were obtained in all cases from the subcostal view. - 
Normal M-mode motion patterns of the atrial septum in ~ 
published reports have been carried out through the right - 

parasternal view.*!32 We therefore studied the M-mode — 
subcostal pattern of the atrial septum in normal subjects (Fig. 

1). This pattern showed no substantial differences from M- — 
mode curves obtained through the right parasternal ap- . 
proach.?'?? Contrast echographic studies were performed - 
using Meltzer's method,?? both to exclude the possibility of — 
a coexisting interatrial shunt and to give a complete mor- — 
phologic evaluation of the atrial septum. The phonocardio- — 
grams and pulse tracings were recorded on a 6-channel ink-jet 
direct writing recorder (Elema Mingograph 81), with a pi- - 
ezoelectric microphone (EMT 23b), an amplifier (EMT 21) — 
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mF MI = acute myocardial infarction; ASI — 
E d lomyopathy; ESC = early systolic click; LAFB = 


ieee hypertension; SVA = superaventricular arrhythmia; 0 


with «liferent filters (25, 50, 100, 200 and 400 Hz), and an ar- 
s M erial transducer (EMT 439a); the registrations were recorded 
(Ow ith the patients in the supine and left recumbent positions, 

TK oe 4 standard auscultatory areas, sie mild expiratory 


Results 


s BUE hocardiography revealed 3 motion patterns. 

pA Type 1: In 10 patients, the ASA projected into the 

ed and sht atrium during diastole, with early systolic bulging 
- into the left atrium, followed by rightward crossing-over 

m 10tion in midsystole. This motion pattern appeared 

b oth during inspiration and expiration (Fig. 2, top and 

3t A). 

— Type 2: In 6 patients, ASA presented a sustained 

. right deviation during expiration; a leftward motion 
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79F SVA DCM 
76F AMI CAD 
76F Chest pain MVP 
77M Bradycardia 0 
77M Chest pain CAD 
74F SVA SH 
72F SVA MVP 
72M Chest pain MVP + CAD 
72F SVA MVP + SH 
69M SVA MVP + SH 
68F SVA 0 

65F SVA MVP 
63F CHF CAD 
63M 0 0 
60M 0 DCM 
60F SVA MVP 
59F SVA MVP 
56F SVA MVP 
58M Chest pain MVP + CAD 
73M SVA SH 
51M SVA 0 

46F SVA 0 

19F 0 MVP 





Echocarélosraniie: 
Pattern—Motion 


Type (1-2-3) Findings 

















Normal 3 S5 

ASI 1 Normal 
Normal 1 NEC 

AVB 2 Normal 
LAFB 1 Normal 
LVH 1 ESC 
Normal 2 NEC 
Normal 1 NEC 
Normal 1 NEC + LSM 
LBBB 3 NEC + LSM 
Normal 3 Normal 
LVH 2 NEC + LSM 
LBBB 3 S3-S4 
Normal 1 Normal 
Normal 3 S3 

Normal 1 NEC + ESC 
Normal 1 NEC 
Normal 2 NEC + LSM 
Normal 2 NEC 

LVH 3 Normal 
Normal 1 Normal 
Normal 2 Normal 
Normal 3 NEC 


anteroseptal infarction; AVB = atrioventricular block; CAD = coronary artery disease; DCM = dilated | 
| left anterior fascicular block; LBBB = 
H = left ventricular hypertrophy; MVP = mitral valve hee NEC - nonejection click; S4 — 
= none. 


left bundle branch block; LSM = 
third heart sound; S4 = fourth heart sound; SH 


occurred only during inspiration in early ventricular 
systole (Fig. 2, middle and 3B). 
Type 3: In 7 patients, ASA remained in the right 


atrium, with an undulating motion during all the phases- 


of cardiac and respiratory cycles. This type of M-mode 
recording results because the aneurysm is motionless 


except for imperceptible ripples of the wall eb a VY 


bottom, 3C and 4). 


Phonomechanocardiography showed: (1) A non- 3 ji 


ejection click in 11 patients, all with mitral valve pro- 


Polygraphic — 






at 


late systolic murmur; 
ib4 
HS 


lapse (MVP). Four patients also had late systolic i 


murmur. The effect of physiologic postural and phar- - 
macologic intervention on the click and murmur yielded - 
reproducible results in a given patient. During inspi- - 
ration, standing and inhalation of amyl nitrite, the © 


systolic click and onset of the murmur tended to move 


toward the first heart sound. During the overshoot | 


- — 


FIGURE 1. Normal M-mode pattern of the atrial sep- 
tum (subcostal view). The atrial septum projects into 
the left atrium during early ventricular systole, and it 


returns toward the right atrium in midsystole.lAS = 


interatrial septum; LA = left atrium; RA = right 


Aus d atrium. 


p 
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phase of the Valsalva maneuver the click and onset of 
the murmur were delayed. (2) Early systolic click, syn- 
chronous with the beginning of the carotid pulse up- 
stroke in 2 patients (1 with MVP and 1 with systemic 
hypertension). (3) Third (S3) and/or fourth (S4) heart 
' sounds in 3 patients (1 with heart failure and 2 with 
idiopathic dilated cardiomyopathy). (4) Carotid and 
jugular pulses that were unremarkable except in 1 pa- 
tient (no. 3) whose ratio between preejection period and 
left ventricular ejection time was slightly increased. 
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FIGURE 2. M-mode echograms of atrial septum aneurysms obtained 
on a cursor passing through the midportion of the aneurysms simulta- 
* neously with display of real-time cross-sectional imaging (subcostal 
view). Top, type 1 echocardiographic motion pattern; middle, type 2 
echocardiographic motion pattern; bottom, type 3 echocardiographic 
motion pattern. ECG = electrocardiogram; EXP = expiration; INSP = 
inspiration; LA = left atrium; RA = right atrium. 


October 1, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 655 


Discussion 

ASA has been reported in patients with 
associated congenital or acquired valvular cardiop- 
athies, and is usually accompanied by an increased in- 
traatrial pressure,*®11-13,16,17,21,23,24 and in those 
without heart defects by normal intraatrial pres- 
sure, 1-3,7,8,10,14,15,18,20,22,25-29 Echocardiography makes 
it possible to detect this anomaly much more frequently 
during life (even in patients without other cardi- 
opathies) than in the past, when diagnosis was possible 





FIGURE 3. A, 2-dimensional echocardiogram of the same patient as 
in Figure 2, top (subcostal view). B, 2-dimensional echocardiogram of 
the same patient as in Fig. 2, middle (apical 4-chamber view). C, 2- 
dimensional echocardiogram of the same patient as in Fig. 2, bottom 
(apical 4-chamber view). Arrows, atrial aneurysms. LA = left atrium; 
LV = left ventricle; RA = right atrium; RV = right ventricle. 
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tients may be at risk (pulmonary or systemic emboli, 
obstruction of either tricuspid or mitral valve, pulmo- 
-nary venous obstruction),!91215722 the diagnosis of 
_ ASA is important. We believed it important to verify in 
| gae patients the presence of any phonomechanocardi- 


T Hd ographic findings related to ASA, as previously, signaled 
_ in1 case of Don Alexander et al.!5 From our study the 
— following conclusive points emerge: (1) No pho- 
— nomechanocardiographic findings were related to the 
» presence of ASA; in particular the nonejection systolic 
— click was found only in patients with MVP and the re- 
hu sponse of the click to various maneuvers was typical of 
| MVP.18209435 The other phonocardiographic findings 
_ (ejection click, S and S4) were explained by the asso- 
ciated cardiovascular pathology. (2) Echocardiographic 
— findings revealed polymorphic motion patterns of ASA 
k (the same conclusion can be reached by careful analysis 


- of single reported cases).!8:20.24 No specific factors re- 


- 
| 
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- sponsible for these different echographic patterns, such 
- as cavity dilation or increased intracavitary pressure, 
= were identified. We maintain that 2-dimensional 
_ echocardiography permits both a clear identification 
-— of ASA and a good evaluation of its motion patterns; in 
- contrast, M-mode curves show neither constant nor 
b specific patterns of ASA. (3) No correlations were found 
between the different echographic patterns and pho- 


= nocardiographic findings in single cases. 
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Most doctors are pleasantly surprised to learn that the average cost of 
daily therapy with the world's most widely used beta blocker 1s so little, 
not much more than the cost of a daily newspaper. 

When it’s INDERAL (propranolol hydrochloride) tablets you want for 
your hypertension patients, remember to specify Dispense As Written 
(DAW) or Do Not Substitute on your prescriptions. That way, you can 
always be assured they'll get INDERAL®* Please see next 

page for brief summary of prescribing information. 
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Lc 3 ANDR CONTRAINDICATIONS 
if J-|NDERAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
—— first degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unless 
the failure is secondary to a noit ye treatable with INDERAL. 
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E CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
. tory function in patients with cones’ heart failure, and its inhibition by beta blockade may 
_ precipitate more severe failure. Although beta blockers should be avoided in overt conges- 
tive heart failure, if necessary they can be used with close follow-up in patients with a history 
of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
Su phe og blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
^ N PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of teta blocxers 
- Can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
- failure, the patient should be digitalized and/or treated with diuretics, and the response 
. observed closely, or INDERAL should be discontinued (gradually, if possible). 


_IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, eh. tegh as discontinuance of 
X INBERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
UE Y _ Should be gradually reduced over at least a few weeks and the patient should be cau- 

| tioned js gga interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 

-]| able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 

.| unrecognized, it may be prudent to follow the above advice in patients considered at risk 

- | of having occult atherosclerotic heart disease who are given propranolol for other 

| indications. 


HT. nen ic Bronchospasm (e.g., chronic bronchitis, emphysema)— PATIENTS WITH 
e B NCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
e mE should be administered with caution since it ma 
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_ Starting and maintaining the heartbeat has also been reported with beta blockers. 

* DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 

. ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 
___ hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
=- to adjust the dosage of insulin. 


_ THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients — rs 
should be toid that INDERAL (propranolol hydrochloride) may interfere with the glaucoma to 


screening test. Withcrawal may lead to a return of increased intraocular pressure. 
Clinical Laboratory Tests: Elevated blood urea levels in patients with severe hea 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 
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DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- "y g" 
pine should be closely observed if INDERAL is administered. The added catecholamine- = 
blocking action may produce an excessive reduction of resting sympathetic nervous activity — 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- — 
static hypotension. we 
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Carcinogenesis, Mutagenesis, mee of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used during pregnancy only if the potential benefit ALES the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
ien adverse effects have been mild and transient and have rarely required the withdrawal of — 
therapy. 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; h poten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: Lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness. fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation _ 
for time and place, short-term memory loss, emotional lability, slightly clouded sensorium, e 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. Tr 
Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching _ 

and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hernatologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

ore In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories 
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CONTROLLED LINEAR EXPANSION process 
assures a polyethylene balloon of maximum 
strength which consistently maintains its 
shape for a safe and effective dilatation. 
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trolled high pressure inflation with non-com- 
pliant symmetry and minimal distensibility 
... With the most consistently predictable 
balloon sizing of any balloon available. Even 
after repeated inflations. 

During insertion our specially treated 
polyethylene catheter provides the right com- 
bination of flexibility, smoothness, push force 
and trackability—allowing HEART-TRAK to 
easily negotiate tortuous vessels and sharp 
angulations. During inflation, our balloon 
gives you the confidence that the vessel will 
be dilated effectively and safely. 
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About the book 


Derived from a symposium sponsored by the Infectious 
. Disease Service, Department of Medicine and the 
Department of Pediatrics, Memorial Sloan-Kettering 

.— Cancer Center, New York City, and Cornell University 

- Medical College, New York City, this book presents the 
latest thinking by international authorities, all of whom 
were invited to present findings in their area of expertise 
on the diagnosis, treatment, and prevention of various 
bacterial, fungal, viral, and parasitic infections presenting 
in patients with neoplastic disease. 

This is not just another “proceedings” volume. Rather 
itis an edited work, with papers by investigators who 
submitted definitive preparations for publication. Further- 
more, the authors take a strong position on their topics, 
ask probing questions and promote a stimulating forum 
of controversy. 

The result is a concise, dynamic study that belongs in 
the professional library of every physician treating 
patients with neoplastic disease. 


_ About the Editors 


| Arthur E. Brown, MD, is Assistant Attending Physician, 


Memorial Sloan-Kettering Cancer Center, and Assistant 
Professor of Medicine and Pediatrics, Cornell University 
Medical College. 

Donald Armstrong, MD, is Attending Physician; Chief 
of Service; Director, Microbiology Laboratory, Memorial 
Sloan-Kettering Cancer Center, and Professor of 
Medicine, Cornell University Medical College 
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Clinical Clues to MIXED ANGINA No. 5 


Most days she can climb the PROCARDIA® (nifedipine) 
stairs with no difficulty. But is a primary therapy for 
today she was less than half-way the patient with MIXED 
up when an angina attack ANGINA. It prevents vaso- 
stopped her. constriction in both large 

coronary arteries and coro- 


nary arterioles to maintain 
myocardial blood flow and 
oxygen supply. At the same 
time, PROCARDIA dilates 
peripheral arteries to 


And because vasocon- reduce afterload and 
striction is an unpredictable myocardial oxygen 
event, ischemia and pain occur demand. 
unpredictably: As a result, PROCARDIA 
at varying levels of exercise can significantly reduce 
at rest, or even during sleep your patient's angina 
upon exposure to cold attack rate and need for 
under emotional stress nitroglycerin! 
diurnally, typically in 
the morning 
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Please see PROCARDIA? (nifedipine) brief summary on next page. 
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= Brief Summa 
ERI PROCARDIA” (nifed ine) Capsules For Oral Use 
— INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- 
— . Sospastic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest accompanied by ST 
~ segment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically demonstrated 
Coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
- — — $snot incompatible with the diagnosis of vasospastic angina. provided that the above criteria are satisfied. PROCARDIA 
— — May also be used where the clinical presentation Suggests a possible vasospastic component but where vasospasm has 
- fiot been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- 
E quo findings are compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate 
~ doses of bela blockers. 
| — . M. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated tor the management 
- of chronic stable angina (elfort-associated angina) without evidence of vasospasm in patients who remain symptomatic 
a - despite adequate doses of beta blockers and/or organic nitrates or who cannot tolerate those agents 
= In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
e weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained ellective- 
h ness and evaluation of long-term safely in these patients are incomplete. 

Controlled studies in small numbers of patients Suggest concomitant use of PROCARDIA and beta-blocking agents 
may be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with con- 
fidence the effects of concurrent treatment, especially in patients with compromised lett ventricular function or cardiac 

conduction abnormalities. When introducing such concomitant therapy, care must be taken to monitor blood pressure 
closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS ) 
j^  CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive ellect of PROCARDIA is modes! and 
- .. Well tolerated, occasional patients have had excessive and poorly tolerated hypotension, These responses have usually 
F Occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pa- 
= tients on concomitant beta blockers 
re s Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
= together with a bela blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia 
— — Theinteraction with high dose fentanyl appears to be due to the combination of PROCARDIA and a beta blocker, but the 
- —- possibility that it may occur with PROCARDIA alone, with low doses of lentanyl, in other surgical procedures, or with 
4 other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl 
— . anesthesia is contemplated, the physician should be aware of these potential problems and, if the patient's condition 
| permits, sufficient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to 
- .. Surgery. 
increased Angina: Occasional patients have developed well-documented increased frequency, duration or severity of 
- angina on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established 
"but could result from decreased coronary sir ie associated with decreased diastolic pressure with increased heart 
rale, or from increased demand resulting from increased heart rate alone 
- Beta Blocker Withdrawal: Patients recently withdrawn trom beta blockers may develop a withdrawal syndrome with 
- — increased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will 
Not prevent this occurrence and might be expected to exacerbate it by provoking reflex catecholamine release. There have 
e. been occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. It is im- 
< portant to taper bela blockers if possible, rather than stopping them abruptly before beginning PROCARDIA 
Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure after begin- 
ning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event. 
PRE ONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 
— . itoring of blood pressure during the initial administration and titration of PROCARDIA is suggested. Close observation 
a 15 ines} recommended for patients already taking medications that are known to lower blood pressure. (See 
Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due 
lo left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily 
K *in the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by conges- 
— tive heart failure, care should be taken to differentiate this peripheral edema from the effects of increasing lett ventricular 
ES dystunclion. > 
v. 


heh tS a a aah ar NEC I.e. MPSS TT a ONE E 5 "ENS.CSCOWSUES aa 
BEECENRCRREOUNVZTUUUNCEE NUN SSUTERMAGQUPTURNONIURUC UTERE PESE 
à ] fe - m A T M ay? 


PROCARDIA : 


(NIFEDIPINE) ^^ ^"« : 


PRIMARY PROTECTION IN MIXED ANGINA 
Usual Effective Dosage: 30 to 60 mg/day 


For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
response, attack frequency, sublingual nitroglycerin intake and activity level as 


a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
patient is observed closely. 


Because PROCARDIA decreases peripheral vascular resistance (occasional 
patients have had excessive hypotension), careful monitoring of blood 
pressure during initial administration and upward dosage titration is 
suggested, especially for patients taking drugs known to lower blood 

pressure. Occasional patients have developed increased frequency, duration or 
severity of angina on starting PROCARDIA or at the time of dosage increases. 


A Favorable Safety Profile 


Most frequently reported side effects, usually mild, are dizziness or 
lightheadedness, peripheral edema, nausea, weakness, headache and 

flushing, each occurring in about 10% of patients, transient hypotension in t 
about 5%, palpitation in about 2% and syncope in about 0.5%. y 
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Laboratory tests: Rare, n transient, but occasionally significant elevations of enzymes such as alkaline phos- 
phatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA (nifedipine) therapy is uncertain 
in most cases, but probable in some. These laboratory abnormalities have rarely been associated with clinical symp- 
toms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been 
reported. 

Limited clinical studies have demonstrated a moderate but Statistically significant decrease in platelet ion 
and increase in bleeding time in some PROCARDIA patients. No clinical significance lor these findings has been 
demonstrated 

Although PROCARDIA has been used safely in patients with renal dysfunction and has been reported to exert a ben- 
eficial effect in certain cases, rare, reversible elevations in BUN and serum creatinine have been reported in patients with 
pre-existing chronic renal insufficiency. The relationship to PROCARDIA therapy is uncertain in most cases but probable 
in Some 

Drug interactions: Bela-adrenergic blocking agents: (See Indications and NOn] Experience in over 1400 pa- 
tients in a non-comparative clinical trial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated, but there have been occasional literature reports suggesting that the combination may 
increase the likelihood-of congestive heart failure, severe hypotension or exacerbation of angina. 

cone peni nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no controlled 
Studies to evaluate the antianginal effectiveness of this combination 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. 
The average increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coro- 
nary artery disease. In an uncontrolled study of over two hundred patients with congestive heart failure during which 
digoxin blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated reports of 
patients with elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjusting, ang 
discontinuing PROCARDIA to avoid possible over- or under-digitalization 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin 
anticoagulants to whom PROCARDIA was administered 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) 
and area-under-the-curve (74%) alter a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per 
day. Ranitidine preduced smaller, non-significant increases. If nifedipine therapy is initiated in a patient currently re- 
ceiving cimetidine, cautious titration is advised 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose 
approximately 30 times the maximum recommended human dose. In vivo mutagenicity studies were negative. 

Anco Pregnancy Category C. Nifedipine has been shown to be leratogenic in rats and embryotoxic in rats, mice 
and rabbils. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
pregnancy only il uen benefit justifies the potential risk to the fetus 
ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about 596, 
palpitation in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction in the dose of 
PROCARDIA or concomitant antianginal medication. Additionally, the following have been reported: muscle cramps, 
nervousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea. constipation, gastrointestinal cramps, 
flatulence, inflammation, joint stiffness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balance. 
dermatitis, pruritus, urticaria, fever, sweating, chills, sexual difficulties. thrombocytopenia, anemia, leukopenia, pur- 
pura, allergic hepatitis, gingiva! hyperplasia, and vr ga Very rarely, introduction of PROCARDIA therapy was 
associated with an increase in anginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed. not readily distinguishable from the natural history of the 
disease in these patients. It remains possible, however, that some or many of these events were drug related. Myocardial 
infarction occurrec in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular 
arrhythmias or conduction disturbances each occurred in fewer than 0.5% of patients. 

HOW SUPPLIED: Each orange sott gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. PROCARDIA CAP- 

SULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069-2600-72), and unit dose (10x10) (NDC 

0069-2600-41). The capsules should be protected from light and moisture and stored a! controlled room temperature 

59° to 77°F (15° (0 25*C) in the manufacturer's original container 
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DÀOCCUEN 


EXPERIMENTAL STUDIES 


Measurement of Cardiac Output 
by Cine Computed Tomography 


JEFFREY S. GARRETT, MD, PETER LANZER, MD, WERNER JASCHKE, MD, 
ELIAS BOTVINICK, MD, RICHARD SIEVERS, BS, CHARLES B. HIGGINS, MD, 
and MARTIN J. LIPTON, MD 


High-speed computed transmission tomography 
(cine CT) is a new noninvasive technique that may 
be useful for the rapid, accurate quantitation of 
cardiac function. The capability of cine CT to assess 
cardiac output was examined 10 mongrel dogs as 
an initial step in validating this method. After the 
dogs were anesthetized, femoral arterial pressure 
and pulmonary artery thermodilution catheters were 
inserted. After intravenous injection of a bolus of 
contrast medium, cine CT scans were performed in 
the flow mode, in which 50-ms scans were triggered 
electrocardiographically at end-diastole at 8 levels 
during sequential cardiac cycles. Scans and ther- 
modilution measurements of cardiac output were 
obtained at rest and during altered hemodynamic 


Measurement of cardiac output is the most accurate 
way of assessing overall cardiovascular performance. 
Until recently, rapid, accurate measurement of cardiac 
output has not been possible using noninvasive tech- 
niques. The present investigation was designed to assess 
the ability of an ultra-fast, new-generation, computed 
axial tomographic (cine CT) scanner to measure cardiac 
output in dogs over a wide range of values using an in- 
dicator dilution technique. 
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states induced by separate infusions of dobutamine — 
and phenylephrine. Time-density analysis was — 
performed over the left ventricular cavity and curves - 
were fitted to the CT flow data by gamma-variate - 
analysis. Using the Stewart-Hamilton equation es- 
tablished for indicator dilution techniques, the car- 
diac output was calculated. The results established 
a direct linear correlation (r = 0.92) between cine 
CT cardiac output and thermodilution cardiac output 
over a wide range of cardiac outputs (1.5 to 6.3 li- 
ters/min). This study demonstrates that cine CT can of 
provide a reliable estimate of cardiac output non- — 
invasively using contrast medium as an indicator in 
dogs. T 
(Am J Cardiol 1985;56:657-661) 4 





Indicator dilution techniques have been used since . 
1897 to evaluate blood flow. Stewart! introduced the — 
basic theory, which was further developed by Hamilton — 
et al? and applied to the measurement of cardiac out- . 
put.? Thermodilution and hydrogen indicator dilution — 
techniques are widely used and have emerged as prac- ; 
tical and reproducible. Contrast medium is an alter- » 
native indicator that may be used to assess cardiac 
output provided that continuous sampling of the indi- 
cator is possible to determine density (concentration) 
vs time. This study was performed to determine 
whether the rapid, repeated densitometric measure- 
ments obtained with the use of a noninvasive CT tech- — 
nique can permit the accurate assessment of cardiac 3 
output while simultaneously providing structural car- . 
wii 
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Methods 5 


Ten mongrel dogs (28 to 32 kg) were anesthetized with so- z 
dium pentobarbitol (25 mg/kg) and Innovar® (10 mg/kg) and ~ 
intubated. Respiration was maintained and controlled at 16 : 
breaths/min with a Harvard pump respirator. Continuous - 
pressure monitoring was performed with a catheter inserted _ 
into the femoral artery. A Swan-Ganz thermodilution catheter | 


055 CARDIAU OUTPUT ASSESSMENT BY CINE COMPUTED TOMOGRAPHY 


was inserted through the femoral vein and advanced into the 
pulmonary artery and a separate venous catheter was inserted 
and advanced to the midportion of the inferior vena cava. 
Electrocardiograms were continuously monitored and re- 
corded during scanning. Cardiac output was measured by 
thermodilution using an Edwards cardiac output computer 
and from measurements made during simultaneous CT 





scanning. Measurements were performed in the control state, 
before pharmacologic intervention, and after sequential 20- 
minute infusions of dobutamine (10 ug/kg/min) and phenyl- 
ephrine (0.025/mg/kg/min). 

CT scanning was performed on the first production fast 
(cine) CT scannert (Imatron, Inc.). The cine CT scanner de- 
sign incorporates an electron beam, which replaces the heavy, 


FIGURE 1. Imatron C-100 scanner. An 
x-ray fan is produced when an electron 








beam, focused by a magnetic field is 
swept along tungsten target rings. 





FIGURE 2. Images acquired using the flow mode. Eight tomographic cardiac levels are displayed. The bolus is observed passing sequentially from 
the right to left side of the heart. The entire series of images displayed was obtained in under 20 seconds. 






Mo Ust, copo Oe NT i TEN 
. electrc n Baars | is bent and focused by a magnetic field and 
~ acquires as many as eight 1-cm-thick tomographic levels si- 
a - multaneously (Fig. 1). The scan exposure time is 50 ms. All 
. images were acquired in this study during full inspiration with 
ni the dog in the right lateral position on the scanning table. Scan 
T a uisition was electrocardiographically triggered at 80% 
rf of the averaged length of the proceeding 7 RR intervals, so 
-~ that all scans for successive cardiac cycles were acquired in 
= diastole. 
sa Scans were acquired for approximately 20 seconds after the 
| ‘intravenous administration of a 10-ml bolus of iothalamate 
sodium (Conray 400) (Fig. 2). Time-density analysis was 
b. . performed over a left ventricular region of interest and curves 
. were fitted to the CT flow data by a least-squares gamma- 
Bi variate analysis,” thus correcting for recirculation. This was 
done at 3 ventricular levels and the areas under these curves 
. were obtained. Thermodilution measurements were per- 
— formed in triplicate. Intracavitary regions of interest were 
— manually defined over the ventricle. The hypothesis that the 
areas obtained by the time-density analysis at each of the 3 
= ventricular levels were the same, was tested by repeated 
. measures analysis of variance using the following regression 


Uo 5 model: 
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7 Area = A + B(L1) + C(L2) (1) 


- where AREA - area obtained by the time-density analysis, 

A, B, C = regression coefficient and L1 and L2 = dummy in- 

5 T dependent variables representing the 3 ventricular levels. L1 
was defined at 1 for level 1, 0 for level 2 and —1 for level 3 and 

K — L2 was defined as 0 for level 1, 1 for level 2, and —1 for level 
385 6 F was calculated as 


d Mean sum of squares regression (2) 
Pe SAY mean sum of squares residual 


. and was evaluated at the 0.05 level. 
- Cardiac output was calculated using the standard Stewart- 
. Hamilton? equation: 


E Es CO = X/c(t)dt (3) 
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_ FIGURE 3. Water phantom. The core was filled with a range of con- 
itions contrast medium and the phantom was scanned to verify 
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into the system and c(t) s = yh e ceni 3b the sampling sit e 
at time t. This concentration value may be modified to account 1 | 
for the measurement of the contrast density instead of abate 0- 
lute concentration, provided that there is a linear relatio ion | 
between indicator (iodine) concentration and CT number ov 'er r Y 
the range of the study. Equation 3 therefore becomes | 


CO = (X)(A)/D(t)dt 


where D(t) = density in CT numbers at the sampling site at 
time t and A = constant of proportionality relating c(t) to D(t). - 
If a constant sized bolus of indicator is used, the equation t on 
becomes & 


CO = K/D(t)dt. 


Equation 5 may therefore be applied to the measuremen t l 
of cardiac ouput, provided the following conditions are met: | 
(1) The contrast indicator must have the same distributio: on 
of transit times as that of the blood. (2) Recirculation phase | 
of the indicator is excluded prior to computing the ce dia ie a 
output. (3) All of the contrast medium eventually leaves tf 
heart. (4) Cardiac output is not changing while the mea re- Fy 
ment is being made. (5) Negligible contrast medium is s lost | 
during transit through the lungs.’ r. 

The densitometric system used to measure indicator co p t 
centration was validated in phantom experiments. A water 
phantom measuring 31 cm in diameter was construct ed 
Plexiglas?. The phantom contained a peripherally pla be 
hollow core (4.5 cm diameter) (Fig. 3). The core was filled s ced za 
a range of concentrations of standard iothalamate sodi "e. D 
contrast medium (0 to 38 mg iodine/ml) to approximate th o$ 
concentration of the diluted bolus at the cardiac level. These 


phantoms were scanned and cine CT densitometric r mi m: as 


surements were performed. o SG 


qn A, 
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The accuracy of indicator dilution techniques relies - 
on the ability to precisely measure indicator concen- 
tration. Phantom measurements demonstrated linearity <7 
of CT number vs indicator concentration over the 
density range considered in this study with a correlation 
coefficient of 0.99 (Fig. 4). 
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FIGURE 4. Demonstration of linear relationship between CT number — 
and pacar GODCntonien for rei ee scanner correlation coef ficient —— 
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Figure 5 represents a typical time-density analysis 
used to quantitate cardiac output in a dog. Once a region 
_ of interest over the ventricular cavity was selected, the 
. mean CT number for that region was automatically 
plotted for each sequential scan vs lapsed time from 


_ onset of injection. The cine CT scanner performed this. 


analysis on line within 1 to 2 seconds. The gamma- 
variate fit was then superimposed on the individual 
measurements, and the area under the curve was cal- 
culated and displayed on the cathode ray viewing 
screen. 

.... The regression model (equations 1 and 2) was applied 
_to test for the interlevel variability of the area. F was 
equal to 0.16 (p <0.05) thus, demonstrating that no 
significant interlevel variability was present. 

K (equation 5) was calculated from the slope of the 
CT density-iodine concentration relation (Fig. 4). There 
was high correlation (r = 0.92) for cine CT-determined 
cardiac output and thermodilution cardiac output over 
- a wide range of cardiac outputs (1.5 to 6.3 liters/min) 
(Fig. 6). 


Discussion 


Many techniques are available to assess cardiac 
output, including thermodilution, oxygen consumption, 
nuclear and Doppler methods. Conventional CT 
scanners may be used to assess cardiac output?; how- 
ever, they have a limited role in cardiac diagnosis. The 
major problems of conventional CT scanners is the 
relatively long exposure time of 1 to 5 seconds compared 
with the length of the cardiac cycle. This is compound- 
ed by the long interscan delay time and single slice 
configuration. 





FIGURE 5. Time-density analysis. A representative image is displayed 
with a region of interest defined over the left ventricle (above). CT 
density is plotted vs time (below) and the gamma variate fit is super- 
imposed. 


The cine CT scanner uses a revolutionary solution to 
these problems and makes possible the simultaneous 
evaluation of structure and function. Cine CT scanning 
Is a digital tomographic technique that minimizes the 
problem of misinterpretation due to overlying struc- 
tures inherent in traditional cardiac radiographic 
techniques and provides outstanding spatial resolution 
at multiple cardiac levels. We have demonstrated that 
it is possible to acquire noninvasively an indicator 
(density) curve over time using a cine CT scanner and 
a small amount of peripherally administered contrast 
medium. 'This information may then be used to accu- 
rately assess the cardiac output. Because this curve is, 
in fact, generated from densitometry of discrete images, 
anatomic measurements at multiple tomographic levels 
may be made from images obtained with a single bolus 
injection. 

The time-density analysis technique for the mea- 
surement of cardiac output assumes that the selected 
region of interest from which the time-density data is 
compiled is always either intravascular or intracavitary, 
and the number of pixels included in the region of in- 
terest are maximized so that sampling error is mini- 
mized. If the selected region of interest is not reprodu- 
cibly intravascular or intracavitary (i.e., the vessel or 
cavity has moved away from the selected region), then 
an error occurs, which is termed “partial volume effect." 
The partial volume effect results from the sampling of 
pixels on serial images that are geometrically but not 
anatomically identical. We have found that intracavi- 
tary regions of interest minimizes partial volume effects 
while maximizing the number of pixels sampled. Left 
ventricular regions of interest are especially suited to 
cardiac output determinations because this is the site 
of the most complete mixing of the contrast agent with 
the blood pool. 

Contrast medium has hemodynamic effects which 
may alter the determination of of cardiac output by cine 
CT.!? It may be possible to eliminate this potential 
source of error by using nonionic contrast agents. Pos- 
sible hemodynamic effects of contrast media on the 
determination of cardiac output were not severe enough 
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Cardiac ^ e 
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Thermodilution Cardiac Output (L/min) 


FIGURE 6. Demonstration of linear relationship between Cine-CT and 
thermodilution cardiac outputs. East squares regression line is solid; 
confidence intervals (95 96) are broken lines. Solid circles are the in- 
dividual data prints. Correlation coefficient (r) = 0.92. 
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ition technique for cine CT described i in this report 
lied in conjunction with the advanced graphics 
- capabilities of the scanner’s computer can also provide 

documentation and quantification of intracardiac 
sl un its. The precision of such measurements remains 
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technique for cardiologic diagnosis with a unique po- 
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Reduction of Laser-Induced Pathologic Tissue Injury 
Using Pulsed Energy Delivery 


LAWRENCE |. DECKELBAUM, MD, JEFFREY M. ISNER, MD, 
ROBERTA FORTIN DONALDSON, BS, RICHARD H. CLARKE, PhD, 
SYLVIE LALIBERTE, BS, ALON S. AHARON, BS, and JEFFREY S. BERNSTEIN, BS 


Continuous-wave (CW) laser irradiation of cardio- 
vascular tissues is characterized by 2 distinctive 
histologic findings: a superficial zone of coagulation 


. necrosis and a subjacent zone of polymorphous 


lacunae. The present investigation was designed to 


. determine whether such injury could be eliminated 


P c 


by altering the temporal profile of laser energy de- 


 livery. One hundred forty-five myocardial slices 


were irradiated with an air-tissue interface using CW 
laser irradiation at wavelengths of 488 to 515 nm 


. (argon), 1,064 nm (Nd-YAG) and 10,600 nm (CO, ). 


. Pulsed laser irradiation included 248 nm (excimer); 


355, 532 and 1,064 nm (Nd-YAG); and 515 nm 
(mode-locked argon). Energy profiles in the pulsed 
mode included a range of repetition rates (1 Hz to 
256 MHz), pulse duration (0.2 to 358 ns) and pulse 
energies (2 nJ to 370 mJ). Resultant average pow- 
ers were 0.1 to 38 W. Grossly visible charring of 


Previous investigations! have established the potential 
utility of laser irradiation in the treatment of cardio- 


. vascular disorders. Previous studies have also shown 


that continuous-wave (CW) laser irradiation of car- 
diovascular tissues is characterized by 2 distinctive 
histologic findings: a superficial zone of coagulation 


. necrosis and a subjacent zone of polymorphous lacunae. 


The former has been attributed to thermal injury,?:10-12 


whereas the latter has been interpreted to result from 
“acoustic” or “shock” injury.12.13 


Laser energy can be delivered in a time-varying 
fashion that is characterized by the laser energy profile, 


. a profile of power output over time. CW lasers have a 


power output that is constant over time. In contrast, 


. pulsed lasers deliver energy in brief, discrete pulses, 


each of which is separated by an emission-free interval. 
There are at least 2 reasons why laser irradiation de- 
livered in the pulsed mode may be expected to cause less 
damage to tissues adjacent to the target site: If the pe- 
as 
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myocardial tissue was observed at all laser wave- 
lengths when the laser energy profile was CW or 
pulsed at high repetition rates (more than 2 KHz) 
and low pulse energies (less than 3 mJ) independent 
of the wavelengths used. In contrast, when laser 
energy was pulsed at low repetition rates (less than 
200 Hz) and large pulse energies (more than 10 
mJ), neither gross nor histologic signs of thermal 
injury were observed. 

Pathologic injury associated with laser-induced 
tissue ablation may thus be substantially reduced 
by use of pulsed energy delivery at low repetition 
rates. Potential advantages of pulsed laser energy 
include a more benign healing process, a less 
thrombogenic surface, and improved preservation 
of structural tissue integrity. 


(Am J Cardiol 1985;56:662-667) 


riod of absent energy transmission between pulses is 
long enough, heat generated during the pulsed emissions 
might be expeditiously dissipated, preventing thermal 
tissue damage; alternatively, the higher peak powers 
characteristic of pulsed lasers may result in a large 
photon density sufficient to ablate tissue by a non- 
thermal mechanism. 

Accordingly, the present study was designed to de- 
termine whether the extent of pathologic injury 
resulting from laser irradiation of cardiovascular tis- 
sue could be reduced by alterations in laser energy 
profile. 


Methods 


Tissue: Slices of myocardium obtained in the fresh state 
from human cadavers or laboratory dogs were used for all 
experiments. Myocardium was selected on the basis that a 
standardized preparation—in this case homogeneous tissue 
with a uniform slice thickness of 0.5 cm— was required to 
provide a meaningful comparison among various laser wave- 
lengths and energy profiles. Furthermore, studies both in our 
laboratory?*.!4 and in other laboratories?5 have consistently 
shown that histologic alterations resulting from laser irra- 
diation are not tissue-dependent; i.e., for a given wavelength 
and energy profile, laser irradiation of myocardium, athero- 
sclerotic coronary arteries, and calcified aortic valve leaflets 
produces similar histopathologic changes in all 3 tissues. 

Lasers: CW lasers used in this study included an argon 
laser (Coherent, Inc.) a carbon dioxide (CO;) laser (Cavitron, 
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TABLE! Energy Profile and Tissue Injury: Continuous Laser Irradiation 


À Power Exposure 
Laser (nm) (W) (sec) 
Argon* 488-515 1-3 42-100 
Nd-YAG* 1064 4-38 6-62 
CO;! 10,600 5-24 3-24 
* Fiber. 


t Focused beam. 


Energy (J) No. of 
(mean + SEM) Spec. TC 
98+6 10 + 
205 + 26 11 + 
110 + 12 7 + 


Nd-YAG = neodymium-yttrium-aluminum-garnet; SEM = standard error of the mean; Spec. = specimens; 


TC = tissue charring; + = present; \ = wavelength. 


Inc.), and a neodymium:yttrium, aluminum, garnet (Nd-YAG) 
laser (Biolase, Inc.). Pulsed lasers included an argon laser 
(Spectra Physics), 2 krypton fluoride excimer lasers (Lambda 
Physik, Questek, Inc.) and 2 Ng-YAG lasers (Quantel Inter- 
national, Quantronix Corp). The argon lasers and the CW 
Nd-YAG laser were coupled to a flexible silica fiber, 200 to 600 
u in diameter. The fiber was positioned approximately 0.5 mm 
above the myocardial tissue to yield an incident spot size of 
0.5 to 1 mm2. The CW CO); laser and the pulsed lasers other 
than argon emitted an energy beam that was directly incident 
on the myocardial slice or that was focused through a lens onto 
the tissue. Incident spot size of the unfocused beam was 0.8 
mm2. Incident spot size of the focused beam was approxi- 
mately 0.2 mm?. 

All myocardial specimens were irradiated with an air-tissue 
interface on an optical stage. The endpoint for laser irradiation 
was the time required to bore through the 0.5-cm-thick 
specimen and was detected using either a light meter or pho- 
tosensitive paper placed underneath the tissue. 

Average power delivery (in watts) was verified with an ex- 
ternal laser power meter (Coherent, Inc.). Repetition rate, i.e., 
the number of pulses per second in hertz, and pulse duration 
were predetermined. Pulse amplitude (in joules) was calcu- 
lated as average power divided by repetition rate. Peak power 
(in watts) was calculated as pulse amplitude divided by pulse 
duration. 

Analysis of tissue injury: Each specimen was examined 


FIGURE 1. Gross, light microscopic and 
ultrastructural injury resulting from 
continuous wave (CW) laser irradiation. 
Upper left, gross photograph of 2 
separate craters accomplished with 
1,064 nm from a CW Nd-YAG laser, 
using 34 W for 7 seconds (left crater) 
and 4 W for 120 seconds (right crater). 
Charring is seen at the perimeter of 
each crater. Upper right, typical light 
microscopic findings following CW 
argon laser irradiation, using 3 W for 22 
seconds. There is a superficial zone of 
coagulation necrosis (CN) and a sub- 
jacent zone of polymorphous lacunae 
(PL). Lower left, scanning electron 
photomicrograph of surface of one-half 
of a myocardial crater accomplished 
with CW argon laser, using 1.4 W for 5 
seconds. Thermal injury at the perim- 
eter of the crater is apparent; high- 
power view of the portion of injured 
perimeter indicated by box is shown at 
lower right. The superficial zone of 
coagulation necrosis measures 100 to 
120 u in width; lacunae along the wall 
of the crater measure 13 to 36 u in di- 
ameter. Upper right, hematoxylin-eosin 
[H-E] X 10; lower left X 21.9; lower 
right X 219—reduced by 50%. 


in the fresh state, immediately after completion of laser irra- 
diation, for gross evidence of tissue charring, defined as gross 
blackening or apparent carbonization at the perimeter of the 
tissue crater; the gross appearance of selected specimens was 
documented by macrophotography. The specimen was then 
cut into divided halves, parallel or perpendicular to the 
laser-irradiated surface, processed routinely for light micro- 
scopic examination, and stained with hematoxylin-eosin and 
Gomori's trichrome stain. 

The remaining half of the specimen was prepared for 
scanning electron microscopy with principal fixation in 0.1 M 
cacodylate-buffered 3% glutaraldehyde (pH 7.3), postfixed 
with 0.1 M cacodylate buffered 1% osmium tetroxide (pH 7.3), 
washed and dehydrated. After critical point drying, the 
specimen was coated with gold-palladium (40:60) and exam- 
ined using an AMRAY-1,000 scanning electron microscope. 


Results 


A total of 145 slices of myocardium, 0.5 cm thick, were 
irradiated using an air-tissue interface. The lasers used, 
details of the energy profile, and the presence or absence 
of tissue charring are summarized in Tables I (CW) and 
II (pulsed lasers). 

Continuous-wave lasers (Table I, Fig. 1): Argon 
laser: Gross tissue charring was observed in each spec- 
imen. Light microscopic examination (Fig. 1) consis- 
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Peak 
10-23 
0.7-5 X 10? 
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3-18 X 103 
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absent; other abbreviations as in 


pulse duration; Rep. Rate = repetition rate; 0 


average; ns = nanoseconds (10^? seconds); PA = pulse amplitude; PD 


* Fiber. 
t Direct beam. 
t Focused beam. 
Avg 
Table I. 


pulsed energy profile. 


D A Db r i ] 
un $ : f - À 
P S soe o 

Frari s m LEES 





crosis and a subjacent zone of polymorphous lacunae. 
Scanning electron microscopy (Fig. 1) confirmed the 
histologic findings: a superficial coagulum covered an 
extensive network of lacunae, which along the walls of 
the trough ranged from 13 to 36 u. 

Nd-YAG: Gross tissue charring was observed in each 
specimen (Fig. 1). Light microscopic and ultrastructural 


findings were identical to those observed with CW argon _ 


CO» laser: Gross tissue charring was observed in 


each specimen. Light microscopic and ultrastructural 
findings were identical to those observed with CW argon. 

Pulsed lasers with high repetition rate (Table II) 
(Fig. 2): Argon laser: Gross, light microscopic (Fig. 2) 
and ultrastructural (Fig. 2) findings in each case were 
similar to those observed with CW argon. 

Nd-YAG: Specimens were irradiated with 532 and 
1,064 nm at 2 to 10 kHz. Gross, light microscopic and 
ultrastructural findings in each case were similar to 
those observed for pulsed argon. 

Pulsed lasers with low repetition rate (Table II, 
Fig. 3): Excimer: Gross evidence of tissue charring was 
not observed in any specimen. Light microscopy in some 
cases disclosed no alteration of the residual laser-irra- 
diated tissue; in other cases (Fig. 3), discontinuous linear 
discoloration (basophilic with hematoxylin and eosin; 
magentoid with trichrome stain) at the perimeter of the 


laser crater was observed. Scanning microscopy (Fig. 3) - 


indicated that this light microscopic finding corre- 
sponded to “wrinkling” or “pruning” of the myocytes 
directly adjacent to the laser crater. Rare, sparsely 
distributed lacunae were seen. 

Nd-YAG: Specimens were irradiated with 355, 533, 
and 1,064 nm at 2 to 10 Hz. Gross tissue charring was not 
observed in any specimen. Light microscopic and ul- 


trastructural findings were qualitatively and quantita- 


tively similar to those observed with the excimer laser. 

In summary, grossly visible charring of myocardial 
tissue was observed at all laser wavelengths when the 
laser energy profile was continuous or pulsed at high 
repetition rates (higher than 2 kHz) with low pulse 
energies (less than 3 mJ). Charring was absent when 
laser irradiation was delivered in the pulsed mode at low 
repetition rates (less than 200 Hz) with high pulse 
energies (more than 10 mJ), independent of the wave- 
lengths used. Tissue charring observed on gross ex- 
amination consistently was associated with light 
microscopic findings of coagulation necrosis and 
polymorphous lacunae. In the absence of gross tissue 
charring, these light microscopic findings were not ob- 
served. Likewise, scanning microscopy consistently 
confirmed the histologic findings associated with gross 
charring and, in the absence of charring, disclosed only 
wrinkling or pruning of the myocytes bordering the laser 
crater. The extent of ultrastructural alteration of 
myocytes adjacent to the laser crater was, in the worst 
case, limited to less than 650 u in each specimen irra- 
diated with a pulsed laser at low repetition rates. Both 
this finding, as well as the presence or absence of the 
light microscopic correlate (linear discoloration), could 
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Pathologic examination of cardiovascular tissues ir- 
. radiated with CW lasers has consistently disclosed gross 
| charring at the perimeter of the laser crater, and dis- 


a - tinctive light microscopic findings: a superficial, linear 

. zone of coagulation necrosis, and a subjacent zone of 
polymorphous lacunae.!-? Furthermore, the photo- 
— products generated by CW laser irradiation of cardio- 
E vascular tissues have been shown to be those typical of 


FIGURE 2. Light microscopic and ul- 
| A trastructrual findings after pulsed laser 
— irradiation with high repetition rate. 
.. Upper and lower left, light microscopic 
. findings of coagulation necrosis and 
. polymorphous lacunae resulted from =~. P" 
. . mode-locked argon laser (515 nm, 256 E GA c utn, 

_ MHz, 65-second exposure, average = —. — > 
ri power — 0.7 W) (upper left) and pulsed woke 

fi _Nd-Yag (1,064 nm, 10 KHz, 29 sec- 

. onds, 10.5 W). (Upper and lower right): 





- locked argon laser (515 nm, 256 MHz, 
Be aeconds, 1.0 W) upper left, H-E X 
— — 10;lower left, H-E X 25; upper right, X 
— . 81.6; lower right, X 100—reduced by 
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. irradiation with low repetition rate. — .— -= 57 
Eig Neither of the typical light microscopic E CN 
. Signs of thermal injury (coagulation — =<» ~~ 
. necrosis and polymorphous lacunae) = "^ 
-~ are observed after pulsed laser irra- — 7 ==; P 
|. diation with (upper left) Nd-YAG-532 ^ »- «7 * 
— (10 Hz, 3-second exposure, 350 mJ; ^ 5 o ost 
~ (upper right) Nd-YAG (1,064 nm [10 © > wee : 
— Hz, 7 seconds, 190 mJ]); and lower — A Mao Tray N DR. i 
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Ira. after excimer laser (200 Hz, 41 sec- 5 ^ ! Hi 
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a thermal asin VT bas row had tol 
findings have been interpreted as the result of : her 
injury. The results of the present investigation | sugge 
that gross and light microscopic signs of injury asso ci- -— 
ated with CW laser tissue ablation can be eliminated by — 
pulsed energy delivery using high peak powers and low 
repetition rates. 

CW lasers used in an “intermittent” or chopped 
mode must be differentiated from a true pulsed laser. — 
The CW laser may be used in 2 ways: continuous. OF 
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! periodically interrupted. The latter has been referred 
= toas an intermittent or chopped mode. Intermittent or 


perc. 


chopped differs from continuous delivery only with 


respect to emission-free intervals; power output during 
intervals of laser emission is identical for both modes. 
This is in marked contrast to true pulsed lasers. In 


common with the chopped mode, pulsed lasers include 
emission-free intervals. Unlike chopped lasers, however, 
pulsed lasers use a variety of techniques (e.g., mode- 


locking or Q-switching) that allow energy storage within 


the laser cavity; as a result, each emission is character- 
ized by a peak power substantially greater than the 
continuous power output of a CW laser. 

The distinction between chopped and pulsed, as well 


A. as considerations regarding pulse duration and repeti- 


— tion rate, are directly relevant to the reduction in 
_ laser-induced tissue injury demonstrated in this study. 
. Experiments by Hayes and Wolbarsht,'? Welch,!$ and 


_ Anderson and Parrish!” have suggested that thermal 


— n -" 
£9 aE = 95 mW Te T 


injury of adjacent, nontarget tissues can be avoided 


when exposure time used for each pulse is shorter than 


. the thermal relaxation time (characteristic time for 
first-order temperature dissipation) of the irradiated 
- tissue. If the pulse duration and cumulative exposure 
— are sufficiently brief, and if the interval between each 
pulse is sufficiently long, then the heat generated by 
. each pulse may be sufficiently dissipated before delivery 


— ofthe subsequent pulse. Consequently, thermal injury 


of tissue outside the path of the laser beam can be 


. avoided. 


Although pulsed delivery at low repetition rates in an 


— air-tissue interface clearly eliminates gross microscopic 
- evidence of thermal injury, studies demonstrating that 


these findings can be reproduced in a blood-filled sys- 
tem are needed. Furthermore, the present series of ex- 
periments does not establish that this superior histo- 


— logic appearance is a result of enhanced dissipation of 
_ heat during the thermal process or a nonthermal (pho- 


tochemical!? or photodisruptive!? process. To achieve 
a given volume of tissue ablation, if the number of pulses 


. and the duration of each pulse are reduced, then suffi- 


cient power (watts) can be achieved only by increasing 


.. pulse energy. As a result, pulsed lasers with low repeti- 


^ "I va 


tion rates and brief pulse durations are characterized 


by high peak powers (pulse energy/pulse duration). 


- Consequently, the effects of improved thermal relaxa- 
- tion (accomplished at reduced repetition rate and pulse 


duration) are difficult to separate from those of high 


_ peak power. In the present series of experiments, for 
. example, peak powers unassociated with pathologic 


tissue injury were consistently in the megawatt range. 
The photon density resulting from such peak powers 


may possibly ablate tissues by a nonthermal process. 


Athough the absence of charring was observed only 


x with energy profiles that necessitated the use of a fo- 


cusing lens, this smaller spot size and resultant higher 
photon density alone did not account for the absence 
of pathologic injury. Both the CW argon laser and the 


rapidly pulsed (more than 2 kHz) Nd-YAG laser re- 


sulted in pathologic injury when used with a focusing 
lens. 
The choice of myocardial slices for these experiments 


was based on the requirement for homogeneous tissue 
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with uniform slice thickness that would allow mean- 
ingful comparison among various laser wavelengths and 
energy profiles. The optimal combination of energy 
profile and wavelength for atherosclerotic segments of 
coronary arteries may vary from those used to irradiate 
myocardium. Nevertheless, our experience with excimer 
laser irradiation?? suggests that the reduction in 
pathologic injury of myocardium accomplished by 
pulsed energy delivery is transferrable to atherosclerotic 
plaque. 

Elimination of pathologic alterations such as coagu- 
lation necrosis and polymorphous lacunae in residual 
laser-irradiated tissue is potentially advantageous. A 
more benign healing process, a less thrombogenic sur- 
face, and improved preservation of structural tissue 
integrity may be reasonably anticipated. However, these 
remain only potential advantages; no long-term, in vivo 


data are available. Furthermore, chronic (albeit rela- — 


tively short-term and relatively limited) studies in- 
volving CW laser irradiation??? have failed to establish 
clearly deleterious consequences of thermal injury as- 
sociated with CW laser irradiation. 

Finally, because the high peak powers characteristic 
of the energy profiles used here to avoid pathologic 
tissue injury cannot be coupled to commercially avail- 
able fiberoptics, clinical application of these energy 
profiles must be limited to direct surface (e.g., intra- 
operative) irradiation. Even with this restriction, 
however, such energy profiles may be used to advantage, 
e.g., to perform intraoperative ablation of pathologically 
thickened endocardium.? The absence of any tissue 
charring in such a procedure would facilitate recognition 
of underlying myocardium after ablation of the over- 
lying endocardial scar. Percutaneous application of 
these pulsed profiles, however, will require development 
of fiberoptics and coupling mechanisms capable of 
transmitting such high peak powers. 
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Effects of Hematoporphyrin Derivative and Photodynamic 
Therapy on Atherosclerotic Rabbits 


FRANK LITVACK, MD, CM, WARREN S. GRUNDFEST, MD, JAMES S. FORRESTER, MD, 
MICHAEL C. FISHBEIN, MD, H.J.C. SWAN, MD, PhD, ELIOT CORDAY, MD, 
DAVID M. RIDER, PhD, |. STUART McDERMID, PhD, THOMAS J. PACALA, PhD, 
and JAMES B. LAUDENSLAGER, PhD 


This study was performed to demonstrate selective 
uptake of hematoporphyrin derivative (HPD) within 
actively developing atheroma, to localize the site 
of uptake of HPD within the atheroma, and to de- 
termine the potential for photodynamic therapy 
(PDT) of atherosclerosis in the rabbit model. Fifteen 
rabbits were rendered atherosclerotic. Five rabbits 
received neither HPD nor PDT and 2 rabbits received 
HPD, 10 mg/kg intravenously, without subsequent 
irradiation. Eight other rabbits received 5 to 20 mg 
of HPD intravenously and subsequent intravascular 
636-nm laser radiation to either the thoracic aorta 
or the aortic arch. A total of 32 to 288 J of laser en- 
ergy was delivered through a 300- quartz fiber. All 
rabbits that received in vivo HPD had red fluores- 
cence of their aortas when placed under ultraviolet 
light. The pattern of fluorescence corresponded 


precisely to the pattern of atheroma. In segments 
that received PDT, light microscopic examination 
revealed an accumulation of smooth muscle cells 
at the intimal surface. Fluorescence microscopy 
revealed a diminishing concentration gradient of 
HPD from intimal surface layers towards the media. 
Assessment of treated thoracic aortic segments 
revealed quantitative and qualitative differences 
compared with control segments. In the arch-treated 
segments, however, no changes were seen. It is 
concluded that HPD localizes within rabbit athero- 
ma, can be detected by fluorescence and is de- 
posited in a diminishing concentration gradient from 
lumen toward media. Irradiation with 636-nm light 


may induce qualitative and quantitative changes in 


atheroma. 
(Am J Cardiol 1985;56:667-67 1) 
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Naturally occurring porphyrins accumulate in rapidly . 


proliferating cells.! Hematoporphyrin derivative 
(HPD), made from natural hematoporphyrin,? has been 
used for the diagnosis and treatment of neoplastic dis- 
orders.?-7 HPD possesses 2 characteristics that make 
it useful for these purposes. First, when irradiated with 


ultraviolet light, HPD fluoresces, allowing for detection _ 


of HPD containing cells.?49 Second, when irradiated 
with light of a variety of wavelengths, HPD photoacti- 


vates and becomes cytotoxic.5?.1? Singlet oxygen gen- - 
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000 MEMAIOPOKPHYRIN DERIVATIVE AND PHOTODYNAMIC THERAPY 


eration has been identified as the likely mechanism for 
HPD-induced destruction of murine tumor.!! Although 
HPD has absorption maxima at short wavelengths, most 
experience with photodynamic therapy (PDT) of neo- 
plasms has been with light at or about 635 nm.!? Re- 
cently, HPD was shown to be taken up in plaque but not 
in normal aortic segments of 4 atherosclerotic rabbits 
and 1 monkey.!? The purposes of this study were to 
confirm selective uptake of HPD within atheroma, to 
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localize the site of uptake of HPD within the atheroma, 
to demonstrate the potential for PDT of atherosclerosis 
in the rabbit model. 


Methods 


Fifteen white male New Zealand rabbits were fed a diet of 
Purina Rabbit Chow (Ralston Purina Co.) supplemented with 
3% by weight of cholesterol (Sigma Co.) dissolved in peanut 
oil. Feedings continued from 12 to 16 weeks. Five rabbits re- 


FIGURE 1. Aorta from a control rabbit. The 
atheroma involvement was graded as smooth 
and extensive. 


FIGURE 2. A, aorta of a rabbit that 
received 32 J in the thoracic aorta. 
The atheroma was classified as 
minimal and fissured. B, the same 
aorta under a Woods lamp. The 
atheroma fluoresces orange and the 
intensity is greatest in the arch and 
diminishes distally. 


FIGURE 3. Aorta from a rabbit that received 10 mg/kg 
of hematoporphyrin derivative and 89 J to the thoracic 
aorta. At 14 days the irradiated zone is atheroma free and 
glistening. 
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FIGURE 4. Aorta from a rabbit that 
received 20 mg/kg of hematopor- 
phyrin derivative and 288 J to the 
aortic arch. At 14 days the athero- 
ma in the irradiated zone is smooth 
and extensive. 


ceived neither HPD nor PDT. Two rabbits received 10 mg/kg 
of HPD but no irradiation. These 2 rabbits were killed at 48 
and 72 hours after injection. Eight additional rabbits received 
from 5 to 20 mg/kg of HPD and PDT. These rabbits were 
killed at 3 hours, 1 week or 2 weeks. 

HPD (Photophrin Medical Inc.) was obtained in a con- 
centration of 5 mg/ml. In the 10 rabbits that received HPD, 
it was injected into an ear vein and then maintained in their 
regular environment and lighting conditions. 

The 636-nm red light used for HPD photoactivation origi- 
nated from a tunable organic dye laser (Lambda Physik 
2000E) filled with a Rhodamine B dye and pumped by a 
pulsed excimer laser (Lambda Physik 101E). Light was carried 
from the laser output by 300-4-core flexible quartz fiberoptic 
waveguide with an exit divergence angle of 30 to 45°. Pulse 
duration was 10 ns with a frequency of 40 Hz. Fibertip power 
output was measured both before insertion of the fiber and 
at the termination of the irradiation sequence by a laser pre- 
cision RK 3230 powermeter. Based on measurements obtained 
at termination of the procedure, the average powers ranged 
from 12 to 33 mW and yielded peak powers of up to 100 kW. 
Minimum total energy delivered to the rabbit aortas ranged 
from 32 to 288 J. 

The waveguide was introduced through either the carotid 
or femoral artery and placed in either the descending thoracic 
aorta or the arch. Catheter position was determined by 
transillumination of the chest wall. The dose of HPD, the time 
to sacrifice after treatment, the site of irradiation and the total 
energy delivered is shown in Table I. During the period be- 
tween treatment and sacrifice, the rabbits were fed a regular 
(nonsupplemented) diet. At necropsy, the aorta was dissected 


FIGURE 6. Fluorescent photomicrograph gus 
from the irradiated segment of aortic arch. jag 
The fluorescent intensity diminishes from M 
luminal border to media, indicating a di- 
minishing concentration gradient of 
hematoporphyrin derivative. 





from aortic valves to below the bifurcation, washed with saline 
solution, opened longitudinally and pinned. It was inspected 
grossly and photographed with an Olympus OM-1 camera. 
Each atheroma was classified as either fissured or smooth. The 
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FIGURE 5. A, segment of abdominal aorta. The atheroma has the typical 
appearance seen in this rabbit model. B, segment from the irradiated 
zone within the aortic arch. Smooth muscle cells have accumulated 
at the surface of the intima. 









" — = ~ te het Te 
F JA er 4 " 2 
| P “ n 4 
3 hes y f =. (Jd > 
^ DE t, J AM 
d - 
" 


area of intimal involvement was graded as absent, minimal, 
moderate or extensive. The specimen was then placed under 
ultraviolet light from a Woods lamp and rephotographed 


.. through a Tiffen yellow (minus blue) filter. In addition to the 


vascular tissues, the gastrointestinal mucosa was also exam- 


-. ined under the Woods lamp at necropsy. Specimens of aortic 


tissue from both irradiated and nonirradiated zones and 
specimens of lung, liver and kidney were submitted for stan- 
dard and fluorescence microscopy. 


Results 


Figure 1 shows the aorta of a control rabbit. The in- 
tima is diffusely involved with white atheroma. 
The atheroma involvement was graded as smooth and 
extensive. 

Figure 2A shows the aorta of a rabbit that received 


. 10 mg/kg of HPD and at 72 hours at least 32 J of laser 
irradiation with the fibertip positioned just below the 


. arch. The intima was classified as minimal and fissured. 
- The atheroma appears as islands with discrete de- 


pressed linear tracks of either normal or near normal 
intima. Furthermore, the atheroma appears yellow. In 
no nonirradiated segments did the pattern of ather- 


_omatous involvement take on this fissured appearance 
—. with yellowing of the plaque. 


Figure 2B shows the same aorta under a Woods lamp. 


_ The grossly atheromatous area fluoresces orange under 


ultraviolet light. T'he intensity of fluorescence is greatest 
in the arch and diminishes distally. The fissured plaque 
fluorescences and the areas of greatest fluorescent in- 
tensity correspond to thicker plaque. In all rabbits that 


. received HPD, regions of fluorescence corresponded 
precisely to the presence of gross atheroma. No un- 
_ treated rabbits exhibited fluorescent atheroma under 


Woods irradiation. 
. Figure 3 shows our most striking result. This aorta is 
from a rabbit that received 10 mg/kg of HPD and at 


- east 89 J of laser irradiation to the thoracic aorta. The 
rabbit was killed 14 days after irradiation. The proximal 
. portion of the aorta is covered by dense white atheroma. 
_ The thoracic aorta is virtually free of atheroma and the 


intima has a glistening appearance. Even at the origin 


of the lumbar arteries, a site where we uniformly see 


. atheroma deposition in this model, no atheroma is seen. 
— At the junction zone between the thoracic aorta and the 
. arch, there appears to be small, discrete, broken-up 
. islands of atheroma. Under Woods irradiation the arch 
. of the aorta, which was grossly atheromatous, did 
.. fluoresce faintly. No fluorescence was seen over the 
_ thoracic aorta. 


Figure 4 shows our least striking result. T'his aorta was 


| taken from a rabbit that received 20 mg/kg of HPD and 
at least 288 J of laser irradiation in the aortic arch. The 


x. 


area of irradiation over the aortic arch was classified as 


— smooth and extensive. 


- Figure 5A shows an abnormal aortic segment from the 


: previous rabbit, taken far from the location of the fi- 


bertip. The atheroma has the typical appearance seen 
in this rabbit model. The intima is thickened and dif- 
fusely infiltrated by smooth muscle cells. Figure 5B is 
taken from the aortic arch, which was directly within the 


. Zone of irradiation. There is a dense accumulation of 


- smooth muscle cells just at the surface of the intima as 


opposed to the diffuse infiltration seen in the control 
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segment. This particular histologic characteristic was _ 


seen more often, although not exclusively, in irradiated 
segments. 
Figure 6 is a fluorescent photomicrograph of the 


aortic arch of the same rabbit as is shown in Figure 5. -~ 


The intima fluoresces orange and the intensity of fluo- 
rescence gradually diminishes from the luminal surface 
toward the media, implying a diminishing HPD con- 
centration gradient. Under higher power examination, 
the fluorescence was located within the intercellular 
matrix and the cellular matter of the intima. The green 
fluorescence is a fluorescence of elastin fibers routinely 
encountered in this preparation. 

In the rabbits that received PDT, no histologic injury 
was seen in the lungs or liver. Fluorescence microscopy 
in rabbit 15 revealed some fluorescence within the renal 
tubules. No cholesterol emboli were seen on histologic 
examination of any organs. 

Table I is asummary of our results. Rabbits 1 through 
7 were controls. The area of aortic involvement was al- 
ways graded as either moderate or extensive, and the 
atheroma was always graded as smooth. Rabbits 8 
through 11 received 10 mg/kg of HPD and thoracic 
aorta irradiation. Rabbit 8 hemorrhaged and died 3 
hours after irradiation. The aortic atheroma was graded 
as smooth and extensive, indicating no acute laser effect. 
Rabbits 9 and 10 were killed at 7 days. The atheroscle- 
rosis was Classified as moderate and minimal, respec- 
tively, and both were graded as fissured. Rabbit 11 was 
killed at 14 days and was our most striking example. 
Rabbits 12 to 15 received irradiation in the aortic arch. 
Atherosclerosis in all 3 was classified as smooth and 
extensive. 


Discussion 


Our findings demonstrate that HPD, when admin- 
istered intravenously in rabbits maintained on an ath- 
erogenic diet, localizes selectively within atheroma. 
Atheroma not treated with HPD do not fluoresce under 
ultraviolet light. The precise topographic correlation 
between visible atheroma and fluorescence pattern in 
this study confirms and substantiates the findings of 
Spears et al,!? who found fluorescence, but confined 
their observations to 48 hours after HPD injection. Our 
study confirms bright fluorescence at 72 hours and 
shows that fluorescence persists at 1 week, with faint 
fluorescence at 14 days. 

Our findings show that the concentration of HPD is 
greatest at the intimal surface layers and diminishes 
toward the media. Although the mechanism of HPD 
concentration within atheroma is not established, one 
may speculate based on current knowledge. The smooth 
muscle cell is recognized as the proliferative cell in 
atherogenesis.14-16 In a manner analogous to its uptake 
in rapidly proliferating tumor cells, HPD could be se- 
lectively concentrated within the proliferating smooth 
muscle cells of atheroma. However, the mucosa of the 
gastrointestinal tract of our rabbits did not exhibit 
fluorescence. The mucosal cells of the intestine are 
among the most rapidly proliferating in the body; 
therefore, it is unlikely that HPD uptake is related only 
to the rate of cell proliferation.!? Localized increase in 


endothelial cell permeability to lipid is also pivotal in 
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TABLE! Methods and Results for the 15 Rabbits 
HPD 
Rabbit (mg/kg) Energy (J) Site Sacrifice Area Quality 
1 Extensive Smooth 
e 2 Moderate Smooth 
3 Moderate Smooth 
4 Extensive Smooth * 
5 Extensive Smooth x 
6 10 48 hrs Moderate Smooth y 
7 10 72 hrs Moderate Smooth i. 
8 10 44.8 Thoracic 2 hrs Extensive Smooth à 
9 10 44.8 Thoracic 7 days Moderate Fissured : 
10 10 32.4 Thoracic 7 days Minimal Fissured 
11 10 89.1 Thoracic 14 days Absent 
12 5 64.8 Arch 15 days Extensive Smooth 
13 5 173 Arch 15 days Extensive Smooth 
14 5 142 Arch 15 days Extensive Smooth 
15 20 288 Arch 13 days Extensive Smooth 


HPD = hematoporphyrin derivative. 


tensity until about 2 weeks. Laser energy delivered — 
through a small-diameter catheter (300 y) ina flowing — 
blood stream appears to induce gross and histologic — 
of diminishing concentration gradient of HPD from changes in some rabbits, although the findings are not —.— 
. luminal surface inward. consistent. En 
"t A fundamental and insurmountable limitation of our r E" 
study design was that the delivery of laser energy ina Neap bete tp Toe sony wish to thank P. 9e Shah, - 
flowing blood stream precluded both precise localization ! Gp a Me NUM s. 


atherogenesis.!? Because HPD is lipophilic, it may have 
moved selectively into atheroma along with lipoprotein 
molecules. This hypothesis is supported by our finding 


of the impact site and quantitation of the amount of 
energy delivered to any site on the arterial wall. For this 
reason we view our results as equivocal as to the po- 
tential for PDT. The apparent atherolysis in the tho- 


 lial surface toward the media. The HPD is heavily 


T 


Me ts 24 


e concentrated at 2 days, and persists in diminishing in- 
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E Effect of Intracoronary Verapamil on Infarct Size 

P in the Ischemic, Reperfused Canine Heart: 

E Critical Importance of the Timing of Treatment 

a HUEY-MING LO, MD, ROBERT A. KLONER, MD, PhD, 

i | and EUGENE BRAUNWALD, MD 


. In an effort to determine whether the beneficial ef- 
_ fect of calcium blocking drugs occurs only during 
. ischemia or during reperfusion as well, anesthetized 
. dogs were subjected to 3 hours of occlusion of the 

left anterior descending coronary artery followed by 
_ $ hours of reperfusion. In protocol A, intracoronary 
_ verapamil (0.01 mg/kg/min) was begun 90 minutes 
. after coronary occlusion and continued for 1 hour 
. into the reperfusion phase (n = 6) while a control 
_ group received an infusion of saline solution (n = 6). 
_ In vivo area at risk determined by dye injection was 
. 29 + 3% of the left ventricle (+ standard error of 
. the mean) in the control group and 30 + 3% in the 

verapamil group (difference not significant [NS]), 
. whereas the area of necrosis determined by tri- 
_ Phenyltetrazolium staining and expressed as a 
. percent of area at risk was smaller in the verapamil 
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Considerable interest has recently focused on the de- 
_ velopment of techniques for reperfusion of the ischemic 
. myocardium in an effort to limit infarct size.!-9 Re- 
_ perfusion must be carried out within a few hours in 
order to salvage a significant quantity of myocardium.’ 

In the clinical realm there is a lag time between the 
onset of coronary occlusion and successful thrombolysis. 
- It would be useful if the degree of cell death that occurs 
during this period could be reduced or delayed before 
reperfusion. 

__ Experimental studies have also raised the question 
of whether reperfusion exerts a deleterious effect — 

so-called reperfusion injury.? Upon reperfusion after a 
period of myocardial ischemia, ischemic myocytes gain 
large quantities of Ca**, as reflected in flux studies, 
“using radioactive Ca++ 9? and as evidenced by the 
appearance of intramitochondrial dense bodies con- 
taining large quantities of Ca** and by the development 

of myocardial contracture.9-!? It has been proposed that 
the entry of excess Ca++ during reperfusion leads to 
0 2l Faeptise lie eer liens vai ra 
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group (29 + 8%) than in the control group (57 + 
876, p <0.05). In protocol B, verapamil infusion into 
the left anterior descending coronary was begun 5 
minutes before blood reperfusion and continued 
throughout the 3-hour reperfusion phase. Area at 
risk was similar in both groups (control, 25 4- 1 96 , 
n = 8; verapamil, 28 + 2%,n=8, NS); area of 
necrosis expressed as a percentage of area at risk 
was 49 + 6% in the control group and 45 + 10% in 
the verapamil group (NS). Therefore, calcium 
blockade of ischemic myocytes delays death and 
enhances salvage produced by reperfusion. How- 
ever, calcium blockade begun after prolonged 
coronary occlusion does not enhance reperfusion- 
induced myocardial salvage. 


(Am J Cardiol 1985;56:672-677) 


inhibition of mitochondrial energy production, which 
leads to cell death.?:?:14 Voltage-dependent calcium 
channels which can be blocked by calcium entry an- 
tagonists are one of the potential routes by which 
myocytes gain calcium during reperfusion. 

There has been considerable interest in the use of 
calcium channel blocking in protecting ischemic myo- 
cardium.!?-7 Some of this interest stems from the 
concepts of calcium overload that occurs upon reper- 
fusion as discussed herein. The purpose of this study 
was to determine whether the administration of a cal- 
cium blocking drug significantly after coronary occlu- 
sion enhances reperfusion-induced myocardial salvage. 
We report the effects of verapamil when administered 
during the period of induced ischemia and during the 
first hour of reperfusion, and when administered only 
during the 3-hour period of reperfusion. 


Methods 


Mongrel dogs of either sex that weighed 17 to 34 kg were 
anesthetized with sodium pentobarbital, 30 mg/kg intrave- 
nously. The dogs were intubated and ventilated with a Har- 
vard respirator (model 607) at approximately 300 ml of room 
air/kg body weight/min. The chest was opened in the fifth 
intercostal space; the pericardium was opened and the heart 
suspended in a pericardial cradle. A fluid-filled catheter was 
placed in the left common carotid artery and connected to a 
Statham P23Db transducer to monitor arterial pressure and 
heart rate. Catheters were also placed in the left external 
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/ TABLE! Area of Necrosis and Area at Risk - 








f AR (%) 

dim C V C V 

^. Protocol A 29 4-3 30 4 3 5718  2948' 
25 + 1 28 + 2 49+6 45+ 10 


= Protocol B 
= * p <0.05 vs control. 

.. — AN/AR = area of necrosis/area at risk; AR = area at risk; C — 
control; V = verapamil. 

ut i 

—  jugular vein for intravenous infusion and in the left atrium for 
- injection of radioactive microspheres for measurement of 
. regional blood flow. A long segment of the left anterior de- 
= scending coronary artery (LAD) was dissected free just distal 
-  tothe first diagonal branch. After baseline hemodynamic data 
-were recorded, lidocaine, 1.5 mg/kg, was given as an intrave- 
nous bolus injection. The LAD was then occluded with an 
- . atraumatic Schwartz clamp. Fifteen minutes after occlusion, 
an injection of radioactive microspheres (8 to 10 um) was made 
. . into the left atrium for measurement of regional myocardial 
-~ blood flow. The dogs were subjected to 3 hours of coronary 
— — occlusion and 3 hours of reperfusion induced by releasing the 
— clamp, and were randomized into a verapamil-treated or a 
b. control group at 1 hour after occlusion as follows (Fig. 1). 

— [n protocol A, an intracoronary infusion of verapamil, 0.01 
— . mg/kg/min, into the LAD was begun 90 minutes after occlu- 
—.  gion, while the occlusion was maintained for an additional 90 
— . minutes. Verapamil infusion was continued for the first of the 
Brio hours of reperfusion; a control group of dogs received in- 
t . tracoronary infusion of saline solution. In protocol B, the same 
- dose of intracoronary verapamil infusion (0.01 mg/kg/min) 
~ was infused commencing 5 minutes before the onset of re- 
|... perfusion, i.e., after 175 minutes of occlusion, and was con- 
|. tinued throughout the 3-hour reperfusion period. A control 
| group received intracoronary saline solution. 

The LAD was cannulated with a 22 gauge intravascular 
catheter for intracoronary administration of verapamil or 
— saline solution. Cannulation was carried out just before 
|. commencing intracoronary infusion and a Harvard pump 
= (model 940) was used for constant intracoronary infusion. 
— — . When the experiment was completed, an in vivo area at risk 
|. was determined by injecting Monastral blue, 1 ml/kg, into the 
e . left atrium with the LAD reoccluded; the heart was then ex- 
... cised. The left ventricle was cut free and then sliced in sections 
0.5m thick. A clear acetate overlay was placed over the heart 
— . slices, and the perfusion defect (myocardium not stained blue, 
. ie, the area at risk) and the perfused area (myocardium that 
- was stained blue, i.e., the area not at risk) were traced. The 
—— heart slices were photographed and then incubated with tri- 
=~ phenyltetrazolium chloride to detemine the area of necrosis. 
Area of necrosis similarly was traced onto an acetate overlay 
and the heart slices were then photographed. Area at risk and 
area of necrosis were determined by planimetry using these 
| . tracings and corrected for weight of the left ventricular slices. 
— .— Area at risk was expressed as a percentage of the left ventricle 
and area of necrosis was expressed as a percentage of area at 
risk. Hemodynamic data, including heart rate, systolic blood 
pressure and diastolic blood pressure, were obtained just be- 
- . fore occlusion, before drug administration, 1 hour after blood 
hk reperfusion, and 3 hours after reperfusion. The investigators 

NE were blinded to the results during the study period; specifi- 
ps cally, the investigators who determined the area of necrosis 
a ee and area at risk were not aware of which dogs were treated or 


ye Bs tie. 

| .. which were controls. | 
— — Statistical analysis: For paired comparisons, a Student 
pi^ - ^e E kae A E 
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TABLE! Regional Myocardial Blood Flow (ml min" g 
lep len Nep |. Wen. 
Protocol A 
C 0.17+0.09 0.054 0.02 1.48 +0.23 162+ 
V 0.21+0.10 0.08+0.06 1.104012 125+ 
Protocol B 
C 0.37 +0.11 — 0.04 + 0.01 1.56 +0.17 165+ 
V 0.25+0.11 0.054002 1.39 +0.23 162+ 


^ FIGURE 1. Protocols A and B. LAD = left anterior 2SC =i ul ng coro 1 
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C = control; len = ischemic subendocardial zone; lep = isc re nic - c 
subepicardial zone; Nen = normal subendocardial zone; Nep = normal — 
subepicardial zone; V — verapamil. Er 


sidered significant at the p «0.05 level. Values are expressed — 
as mean + standard error of the mean. EMNCeU 


Results NR 
Fifty-two dogs were entered into the stt dy. 


Twenty-four dogs were excluded: 16 because of ve n- 
tricular fibrillation, 3 because of absence of detectable 
epicardial cyanosis within the first 2 minutes of oc clu- E 
sion, 3 because of poor resolution of the area at risk and . 
2 because of failure of LAD cannulation. After these - 
exclusions, 12 dogs remained in protocol A and 16 in - 
protocol B. BW 
Area at risk (Table I): Because area of necrosis i 823 
a function of area at risk, the area at risk must be com- - 
pared for each group. In this study, the area at risk was 


similar between control and verapamil-treated groups 
in both protocols. In protocol A, area at risk was 29 + 3% 
for the control group (n = 6) and 30 + 3% for the verap- _ 
amil group (n 7 6), NS. In protocol B, area at risk was . 
25 + 1% for the control group (n = 8) and 28 + 2% forthe — 
verapamil group (n = 8) (difference not significar tics 
[NS]). NON 

Regional myocardial blood flow (RMBF) (Table . 
II): In addition to the gross observation on the devel- — 
opment of epicardial cyanosis and contractile abnor- — 
mality after LAD occlusion, RMBF was assessed 153 
minutes after occlusion to assure a comparable ischemic 
insult in control and treated dogs. In protocol A, the 
subepicardial blood flow to the ischemic area was 0. Ta 
+ 0.09 for the control group and 0.21 + 0.10 for th et 
verapamil group, (NS); the subendocardial blood flow i 
in the ischemic zone was 0.05 + 0.02 for the control . 
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. TABLE! Hemodynamic Values 
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b DP 

M HR SBP DBP (mm Hg 
(beats/min) ^ (mmHg) (mmHg) X beats/min) 
is Before Occlusion 

E Protocol A 


DRAC 14849 137411 111410 19,978+ 1,672 

Du 142 3 118 + 10 92:5 16,888 + 1,715 

— Protocol B 

| fas e. 163 + 7 136 + 6 105+5 22,310 + 1,759 

eee V 149+ 6 144+6 11125 21,586 + 1,457 

kt Before Treatment 

- Protocol A 

BC 153 + 10 135 + 8 107+9 20,474+ 1,516 

IC OM 139 + 4 118+7 91+5 16,426 + 1,425 

— Protocol B 

BG 149 € 7 128 4 5 966 19,181 + 1,493 

gv 144 5 138 + 7 109 X6 19,968 + 1,404 

E Reperfusion 1 Hour 

Pg 

_ Protocol A 

EN © 150+ 9 130+ 5 10245 19,460 t 1,272 

Baya V. 1146 108 + 8 7347* 12,494+ 1,488* 

. Protocol B 

EC 138 + 11 120 € 3 8403 16,554 t 143 

E V 133 + 7 125+ 8 90+6' 16,916 + 1,871 

i S Reperfusion 3 Hours 

. Protocol A 

Nu 156 + 10 133 +7 105+7 20,718 + 1,569 

uM 126 + 11 117 7 83 +6* 14,864 + 1,410* 

. Protocol B 

ucc 1314 11 118 € 3 81:2 15,841+ 1,984 
V 123 + 8 124+ 6 84 5! 15,602 + 1,506 


* p <0.05 vs control protocol A. 
t p <0.05 vs pretreatment. 


-C = control; DBP = diastolic blood pressure; DP = double product; 


k 
— HR = heart rate; SBP = systolic blood pressure; V = verapamil. 


- group and 0.08 + 0.06 for the verapamil group (NS). 
- Similarly, in protocol B, the subepicardial blood flow 

in the ischemic zone was similar for both groups (0.37 
. + 0.11 in control group and 0.25 + 0.11 in verapamil 
— group, NS), and the same was true for the ischemic 
_ subendocardial blood flow (0.04 + 0.01 in control group 


. and 0.05 + 0.02 in verapamil group, NS). 


_ Hemodynamics (Table III): There were no signifi- 
_ cant differences in heart rate or blood pressure between 
treatment groups, prior to verapamil therapy. In pro- 
_ tocol A, the diastolic arterial pressure and double 
_ product in the verapamil group were significantly lower 
_ after verapamil than in the control group 1 hour and 3 
_ hours after reperfusion. In protocol B, diastolic blood 
- pressure was decreased in the verapamil group, but the 
- differences between the treated and control groups were 


. not statistically significant. 


Area of necrosis/area at risk (Table I, Fig. 2): In 
- protocol A, in which verapamil administration was 


_ bégun 90 minutes after coronary occlusion, the area of 


necrosis, expressed as percentage of area at risk, was 
significantly smaller in the verapamil group (29 + 8%) 
than in the control group (57 + 8%, p <0.05) (Fig. 3 and 
4). In contrast, in dogs in which verapamil administra- 

tion was begun after 3 hours of coronary occlusion, area 
of necrosis expressed as a percentage of area at risk was 
not altered by treatment (45 + 10% for verapamil group 
and 49 + 6% for control group, NS). 


0 


Discussion 


With the widespread use of thrombolytic therapy in 
the treatment of acute myocardial infarction, it is of 
interest to determine whether the intracoronary ad- 
ministration of a calcium channel blocker at the time 
of reperfusion can enhance the myocardial salvage 
caused by reperfusion. Our results indicate that in the 
dog, intracoronary verapamil begun after 3 hours of 
LAD occlusion and at the time of coronary reperfusion 
did not provide additional myocardial salvage. How- 
ever, intracoronary verapamil begun during the ische- 
mic period, even in a delayed fashion, i.e., 90 minutes 
after occlusion, enhanced substantially the myocardial 
salvage achieved by reperfusion. These results suggest 
that the intervention of calcium blockade at the time 
of reperfusion does not salvage ischemic myocardium. 
The results support the concept that at the end of the 
period of ischemia, all myocardial cells that are destined 
to die are already irreversibly injured and that reper- 
fusion per se does not increase the number of cells which 
die. Nevertheless, we cannot rule out the possibility that 
other agents may be beneficial when administered 
during the reperfusion phase. 

Although the mechanism of the observed myocardial 
salvage is not known, it is postulated that a substantial 
population of mildly, reversibly injured subepicardial 
myocytes is present at 90 minutes after occlusion com- 
pared with that at 3 hours. Most of the calcium channels 
of these myocardial cells are presumably still func- 
tioning and can still be blocked by verapamil. In a study 
using voltage clamp techniques, diltiazem exerted a 
more profound calcium channel blocking action on 
ventricular myocardium at a potential of —61 mV than 
of —120 mV.!? Thus, calcium antagonists may exert a 
greater blocking effect on ischemic than normal myo- 
cytes because the former have a decreased resting 
membrane potential.!? This would exert an antiischemic 
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FIGURE 2. Ratio of area of necrosis to area at risk (AN/AR) in verapamil 
(V) groups (stippled bars) and control (C) groups (striped bars) of pro- 
tocols A and B. 
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action and minimize energy expenditure of cells that 
were only reversibly injured. In accord with this hy- 
pothesis, Smith et al?? showed that verapamil exerts a 
selective depression of function of the ischemic myo- 
cardium, and thereby presumably exerts a more potent 
protective effect in these cells. Serruys et al?! reported 
that regional administration of nifedipine had a direct 
negative inotropic effect on the myocardium suggesting 
it might spare regional O2 consumption. Furthermore, 
decreased calcium influx into ischemic myocardium 
preserves both mitochondrial function and ultrastruc- 
ture with subsequent preservation of myocardial 
ATP.22-26 Nayler et al?? showed that when verapamil 
was added to the perfusate at the very start of hypoxic 
perfusion of isolated guinea pig hearts, it attenuated the 
hypoxia-induced increase in resting tension (contrac- 
ture). However, when this calcium antagonist was added 
only after the start of hypoxia, when resting tension 
already had begun to increase, it failed to diminish this 
increase in resting tension. Similarly, Klein et al!” 
showed that in the pig heart rendered ischemic for 75 
minutes and then reperfused for 4 hours, pretreatment 
with diltiazem reduced infarct size beyond the reduction 
achieved by reperfusion, whereas diltiazem begun 
during ischemia had a smaller and statistically insig- 
nificant effect." 

The mechanism of the salutary action of verapamil 
may also have been related to its systemic hemodynamic 
action as well as to its effect on calcium entry into 
ischemic myocytes. Thus, in protocol A, the verapa- 
mil-treated dogs had significantly lower diastolic 





FIGURE 3. Top, left ventricular slices from a control dog in protocol 
A showing the nonischemic area (blue) and unstained pink area at risk. 
Bottom, left ventricular slices from the same dog as in panel A after 
incubation in triphenyltertazolium chloride. The infarct appears as the 
pale tissue and corresponds closely to the area at risk. 


pressures and systolic pressure-heart rate products, 
both after 1 and 3 hours of perfusion, than control dogs. 
These factors may have contributed to a lowering of 
myocardial oxygen demand during ischemia. 

When verapamil was infused after 3 hours of ische- 
mia, no enhancement of myocardial salvage occurred. 
Presumably, at this time it did not have the opportunity 
to exert an antiischemic effect on myocytes, which were 
already irreversibly damaged and which became ne- 
crotic despite reperfusion. 

The dosage of verapamil we chose for intracoronary 
administration is comparable to that used systemically 
in patients. The purpose of intracoronary administra- 
tion was to maximize the potential for myocardial sal- 
vage. In our pilot studies, this dosage and route of ad- 
ministration were well tolerated, but it is close to 
maximal, since 2:1 atrioventricular block developed 
when the dose was doubled. 

The action of calcium channel blockers in enhancing 
reperfusion-induced myocardial salvage is probably not 
unique. Indeed, we have observed that timolol, a 
B-adrenergic blocking drug, and esmolol,?? an ultra- 
short-acting 6-blocking drug, when given soon after 
coronary occlusion, can substantially augment reper- 
fused-induced salvage of ischemic myocardium. 

In the present study, infarct size was assessed by the 
triphenyltetrazolium chloride technique. This tech- 





FIGURE 4. Top, left ventricular slices from a verapamil-treated dog in 
protocol A showing the nonischemic area (blue) and unstained pink area 
at risk. Bottom, left ventricular slice from the same dog as in panel A 
after incubation in triphenyltetrazolium chloride. The infarct appears 
as the pale tissue and is much smaller than the area at risk and smaller 
than the infarct shown in Figure 3B. While most salvage occurs in the 
subepicardium, there are areas where salvage (noninfarcted tissue 
within the risk zone) appears along the lateral edge of the infarct. This 
is most apparent in the third ventricular slice from the apex. 
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. nique reliably localizes and sizes infarcts early after 
A myocardial ischemia.2°-34 In our laboratory, infarcts 
. assessed by triphenyltetrazolium chloride have shown 
_ good correlation to infarct size assessed by histologic 
- examination and electronmicroscopy.?? Schaper?? 
pe etd, “The tetrazolium method, when used without 
.. reperfusion, becomes discriminative between 3 and 4 
E hours after coronary occlusion and it can be trusted at 


_ about 6 hours after occlusion. With reperfusion, infarcts 









can be demonstrated after only 20 min of occlusion.” 
_ Fishbein et al?? also showed that this technique is valid 
M for localizing irreversibly injured myocardial cells, as- 
_ sessed by cardiac ultrastructure, as early as 3 to 6 hours 
. after coronary occlusion. 

- . 'The area at risk technique used in the present study 
i is an in vivo technique; that is, it defines a zone of low 
_ blood flow at the time of coronary artery occlusion. 
— Since the marker is infused in vivo during coronary ar- 
_ tery occlusion, it takes into account coronary collateral 
- blood flow and results in a physiologic perfusion defect 
—. of low blood flow much like a thallium scan. This tech- 
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- with subsequent autoradiography.!6 In contrast, risk 
. areas measured by in vitro techiques (injection of bar- 
- ium gel into the coronary arteries or in vitro infusions 
. of dyes down opposite coronary beds simultaneously 
and under the same pressures) define an anatomic 


. coronary bed at risk that does not take coronary col- 
ateral flow into account. We believe that the in vivo 


. technique is more physiologic and more accurately re- 
— flects the status of the coronary vasculature as it might 
. occur in man during an acute occlusion, because coro- 
_ nary perfusion pressure distal to the occlusion is always 
- less than that in the nonoccluded bed. Furthermore, we 
- have found that when both in vivo and in vitro tech- 
. niques are assessed in the same animal,°¢ the extent of 
. necrosis is more closely defined by the in vivo rather 
_ than the in vitro risk region. The ratio of area of necrosis 
_ to area at risk was always lower when the in vitro tech- 
nique was used. Hence, the in vitro area at risk may 
. actually overestimate the amount of tissue actually at 
_ risk for developing necrosis. 

-In conclusion, although ischemic myocardium can be 
- reperfused by thrombolysis in an emergency setting in 
. many patients with evolving myocardial infarction, a 
fe significant delay is unavoidable before thrombolysis is 
_ achieved, particularly when the thrombolytic agent is 
_ administered by the intracoronary route. The onset of 
Irreversible injury may be delayed by early therapy with 
a calcium channel blocker, and this may enhance the 
- salvage of tissue at the time of later reperfusion. How- 
ever, when both the administration of the calcium 
channel blocker and reperfusion are delayed beyond a 

critical point, the drug is unlikely to enhance the 
quantity of myocardium salvaged by reperfusion. 

D 
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Sudden Death and Experimental Acute Myocardial Infarction — 


YVETTE TROLESE-MONGHEAL, PhD, PIERRE DUCHENE-MARULLAZ, MD, 
JEAN-FRANCOIS TROLESE PhD, MICHEL LEINOT, 
JEAN-CLAUDE LAMAR PhD, and PIERRE LACROIX, PhD 


— Acute myocardial ischemia was produced by liga- 
— ture of the anterior descending coronary artery on 
658 dogs in 3 separate laboratories. Overall, 12 76 
of the dogs died within the first hour (instantaneous 
death) and 2596 within the first 24 hours (sudden 
death). The sudden death rate was significantly 
related to the logarithm of the weight of the dogs in 
the range studied. It varied widely if values from 
small series, comprising the same number of dogs, 


Sudden death has been defined by the World Health 

Organization as death resulting from an event occurring 

within 24 hours of the onset of an acute episode. Death 

=~ within 1 hour of the onset of an acute event is called 

" instantaneous death. This distinction is not always 

clearly made. In industrialized countries, 1,500 persons 

per million inhabitants die suddenly each year. Sudden 

cardiac death remains the “major challenge confronting 

contemporary cardiology.” ! Accordingly, much re- 

search has been done in this area.?-* The development 

of drugs with efficient preventive properties relies on 

the availability of suitable experimental models. Among 

those proposed by Moore and Spear,’ the model that 

comes closest to human pathologic conditions appears 

to be acute ischemia created by ligature of a coronary 
artery. 

Ligature of the anterior descending coronary artery 

in the dog sometimes brings about immediate rhythm 
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were considered. Values became less dispersed as __ 
the size of the series increased. In series of 10 dogs, 
sudden death rates ranged from 0 to 7096, whereas  - 
in series of 100 dogs the range was 14 to 36%.  - 
Stable values were obtained for 50 to 60 dogs per — 
series. Accordingly, reliable assessment of pre- — 
ventive measures can be made only with experi- — 
mental series of at least this size. M 


(Am J Cardiol 1985;56:677-681) 


, T 
disorders, and in some cases fatal ventricular fibrilla- D. 
tion. Surviving dogs later display ventricular arrhyth- - 
mia, which peaks 17 to 24 hours after arterial occlusion. — 
This period is usually chosen for the study of antiar- — 
rhythmic agents. However, some investigators have used -. 
this model to study preventive treatment using phar- 
macodynamic drugs, although under these conditions, E: 
mortality is somewhat haphazard. Most experimental — 
series are too small to allow valid statistical treatment, — 
so the experimental results are of limited value. The aim _ 
of this work was to determine the size of the experi- 4 
mental group required to obtain reproducible results, — 
and thereby to determine the number of dogs needed 
to assess confidently the preventive value of a phar- — 
macodynamic agent with regard to sudden death re- P. 
sulting from coronary occlusion. Sudden and instan- . 
taneous deaths were distinguished, and any influence _ 
of weight and sex, and of season on mortality was - 1 
sought. be 

















Methods ix 

This work involved 658 mongrel dogs of either sex. One- - 
stage coronary ligature was carried out using an identical $ 
procedure initially developed in laboratory I (Clermont- 
Ferrand) and extended to laboratory II (Rennes) and labo- 
ratory III (Riom). One hundred forty-eight dogs (mean weight — 
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TABLE! Effects of Coronary Ligature in the Dog During the First 24 Hours 





| ll Il Total 
e n (96) n (96) n (96) n (96) 
fs Instantaneous death 15 (10) 36 (12) 31 (15) 82 (12) * 
x^ hour) 
T. Sudden death 29 (20) 87 (29) 46 (22) 162 (25) 
x (24 hours) 
Ectopic beats at 114 (77) 215 (71) 142 (69) 471 (71) 
24 hours 
No ectopic beats 5 (3) 1 (0.3) 19 (9) 25 (4) 
at 24 hours 
Total 148 303 207 658 
Laboratory I—Clermont-Ferrand; Il—Rennes; Ill—Riom. n = number of dogs. 
he 
15.7 + 0.3 kg) underwent operation in laboratory I, 303 (19.6 1 cm from its root. The pericardial cradle was then detached, 
_ + 0.3 kg) in laboratory II and 207 (11.2 + 0.1 kg) in laboratory the pericardium closed with a few stitches, and the thorax fi- 
. III. The study lasted about 5 years. nally stitched up in 3 planes. 
A tracheal intubation was performed under general anes- The variability of occurrence of sudden death was studied 


. thesia (sodium pentobarbital, 6 mg/kg, and chloralose, 80 as follows. First, the death rate in ligatured dogs was calcu- 
. mg/kg, i.v.). Each dog was artificially ventilated with room air lated as a percentage in each of the 3 laboratories for the first 


- (Braun pump). The thorax was opened in the fourth left in- 10 dogs, the first 20 dogs, the first 30 dogs, and so on. Then, 
3A 7 space. After incision of the pericardium the heart the minimum, maximum and mean death rates were calcu- 
. was placed in a pericardial cradle to facilitate dissection of the lated as percentages for experimental series containing 10, 20, 
. anterior descending coronary artery, which was tied in 1 stage 30, and so on, up to 100 dogs successively ligatured. The series 


were made up by taking the first dog operated on as dog 1 in 
series 1, the second dog operated on as dog 1inseries2andso ~ 
on. For example, in the first study (laboratory I, 148 dogs) | 
there were 139 series of 10 dogs, 129 series of 20 dogs, and so 
on. Finally, the confidence intervals determining the theo- 
retical number of survivors needed to indicate that a drug 
being tested has preventive action, were calculated as a 
function of the number of animals per series. 

The statistical calculations were carried out, depending on 
the case, by the Student t test in unpaired series, and by 1- 
factor analysis of variance. Comparison of percentages was 
made by calculation of reduced deviations. 


Results 


Study of death rate: Death rates are listed in Table 
I. Of the whole set of 658 dogs, 82 (12%) died within the 
x first hour (instantaneous death). Instantaneous death 
q rates were not significantly different among the 3 lab- 
O 20 oratories: 10%, 12% and 15% in laboratories I, II and III. 
z One hundred sixty-two dogs, (25%) died within the first Y 
^ H 10 Il : n=303 24 hours (sudden death). Sudden death rates in labo- 
R 





ratory I (20%) and laboratory II (29%) differed signifi- 
0 cantly, but not between laboratory III (2296) and either 
of the 2 laboratories. 

Complete absence of rhythm disorders 24 hours after 
ligature was observed, on average, in 4% of the total 
population and in 5% of the surviving dogs. Distribution 
among the 3 populations varied widely; 3%, 0.3% and 9% 
of all the dogs, and 4, 0.4 and 1146 for surviving dogs in 
laboratories I, II and III, respectively. 

Influence of weight: The influence of weight was 
studied for the dogs involved in the experiments in 
laboratories I and II only. Of the 451 dogs considered 
O 40 80 120 160 200 240 280 (mean weight 18.4 + 0.3 kg), 116 died within 24 hours 

of ligature. There was a significant difference between 
o EE AI the mean weight of the surviving dogs (17.7 + 0.3 kg) A 
FIGURE 1. The percentage of sudden deaths is proportional to the and that of the dogs that died suddenly (20.6 + 0.5 kg). 


logarithm of the weight of the dogs: % = 52.85 log weight — 40.76. : 
The regression line was calculated from the percentages of sudden In general, the percentage of sudden death cases is 


death (dots) observed for the following weight ranges: 5 X weight (kg) proportional to the logarithm of the weight of the dogs: 
X13; 13 < weight (kg) <21; 21 < weight (kg) <29; 29 < weight (kg) % = 52.85 log weight —40.76 (Fig. 1). The difference in 
S41. | the percentage of sudden death between laboratories 
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TABLE I| Study of Death Rate: Percentages According to Sex 


Female 
Operated 
Laboratory Dogs Died 
| 78 14 
II 106 30 
1+ Il 184 44 
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Laboratory I—Clermont-Ferrand; Il—Rennes. 


TABLE Ill 
| I 


Operated Operated 
Season Dogs Died 96 Dogs Died 
Winter 38 10 26 53 14 
Spring 47 8 17 102 25 
Summer 24 4 17 67 29 
Autumn 39 7 18 81 19 
Laboratory I—Clermont-Ferrand; II —Rennes; III—Riom. 


Land II would be a result of the difference in the weight 
of the dogs: respectively, 15.7 + 0.3 kg and 20% sudden 
death, and 19.6 + 0.3 kg and 29% sudden death. 

Influence of gender: Gender had no influence on 
death rate (Table II). 

Influence of season (Table III): Season did not 
affect death rate in the series of laboratories I and III. 
However, in laboratory II, death rate in dogs operated 
on in summer was significantly different from that in 
dogs operated on in autumn and spring. The weight of 
the dogs is irrelevent; the mean weight of the 67 dogs 
operated on in summer was 21.9 + 0.6 kg and that of the 
81 dogs operated on in autumn was 21.8 + 0.7 kg. 

Variability of occurrence of sudden death: Death 
rate as a function of the number of dogs successively 
operated on (Fig. 2): For the first 10 dogs ligatured, the 
percentage death rate varied widely: 10% for laboratory 
I, 0% for laboratory II and 50% for laboratory III. From 
the 30th dog, this variable tended to become stable. 
Thus, for laboratory I, from the 30th to the 148th dog, 
the percentage varied between 19 and 30% (mean 20%). 
In laboratory II, from the 30th to the 303rd dog, the 
death rate varied between 20 and 29% (mean 29%). In 
laboratory III, from the 30th to the 207th dog, the death 
rate varied from 22 to 31% (mean 22%). Overall, the 
death rate varied between 19 and 31% from the 30th dog 
onward. 

Variability of the death rate as a function of the 
number of dogs per experimental series (Table I V): 
After coronary ligature performed successively on series 
of 10, 20, 30, and so on, up to 100 dogs, the spread of the 
percentage of sudden deaths narrowed as the number 
of dogs per series increased. Thus, for series of 10, 50 and 
100 dogs, the spread was, respectively, 0 to 70%, 8 to 32% 
and 14 to 23% in laboratory I, 0 to 60%, 18 to 38% and 22 


- to 36% in laboratory II, and 0 to 50%, 12 to 38% and 15 


to 28% in laboratory III. 


. . Overall, from 50 to 60 dogs per series onward, mini- 
. mum death rates stabilized between 8 and 14% and 


3 maximum death rates between 38 and 35%. 
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Study of Death: Percentages According to Season 


VoM qo 
Male 
Operated 

96 Dogs Died 96 

18 69 14 20 

28 197 57 29 

Hi Total 
Operated Operated 

96 ) Dogs Died 926 Dogs Died 
26 47 13 28 138 37 
24 48 9 19 197 42 
43 58 14 24 149 47 
23 54 10 20 174 36 








Number of survivors theoretically necessary to — — 
demonstrate preventive action of a drug (Table V):  . 
This variable was calculated for p = 0.05 and p = 0.001 — — 
as a function of the number of dogs per series. For p= — - 
0.05, no significant result is possible from a group of only  . 
10 dogs. At least 40 dogs per group are needed to assess 
preventive activity confidently. ML 


Discussion m 


The death rate in dogs after ligature of the anterior Ee 
descending coronary artery reportedly varies from Oto © 
50% (Table VI). However, the number of dogs involved d 
has usually been small, which explains the wide spread. — . 
Michelson et al mentioned the wide variability of oc- — 
currence of ventricular fibrillation 30 minutes after — . 
ligature in 90 dogs with mean death rate 37%. Grimal 
et all! found a 22% death rate after 24 hours in dogsin — — 
which 1-stage ligature had been performed (93 dogs), 
and a 20% death rate when ligature had been carried — — 
out in 2 stages (218 dogs) as advocated by Harris and o 
Kokernot.! ei 





Wide disparity of results owing to an insufficient — 
number of dogs was evident. Death rate among the first — 
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log. weight 
FIGURE 2. The percentage of sudden deaths varied according to the E ; | 
number of dogs successively ligatured. From the 30th dog this pa- 
rameter tends to become stable. Laboratory I—Clermont-Ferrand; — 
laboratory lI—Rennes; and laboratory III —Riom. eae 
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lity (Percent) of Sudden Death According to Number of Dogs Per Series 








I (n = 148) Il (n = 303) Ill (n = 207) Total Results 
| % Sudden Death % Sudden Death % Sudden Death % Sudden Death 
mir: > Se Min. Max. Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean ` 
EE ^. ——————————————————————————M—MÀÀÁà 

po^ 0 70 21 0 60 29 0 50 21 0 70 25 

AES, 5 55 21 10 45 29 5 45 22 5 55 25 

7 43 21 17 47 29 10 40 22 7 47 25 

5 37 20 17 37 30 12 37 22 5 37 25 

8 32 19 18 38 30 12 38 23 8 38 25 

8 28 18 20 37 30 15 33 23 8 37 25 

10 26 18 20 36 29 16 33 23 10 36 25 

14 24 18 20 35 29 16 30 23 14 35 "26 

14 22 18 22 35 29 14 31 23 14 35 26 

14 23 19 22 36 19 15 28 23 14 36 26 





. TABLE V Theoretical Number of Surviving Dogs After 
BA: Coronary Ligature to Define Preventive Activity 








of Drugs 
p = 0.05 p — 0.001 
he Min. Min. 
= No. of Theoretical Theoretical 
.  Pretreated Theoretical No. of Theoretical ^ No. of 
Dogs Per % Sudden Surviving % Sudden Surviving 
Series Deaths Dogs Deaths Dogs 
STS man PNE Tdi... ONS Mo noc ERE ea ac E 
d. 1:10 vs" eit PA Aer 
Ei. 20 6.2 19 js on 
y: 30 9.8 27 id. vo? 
140 12 35 3 39 
.. $0 13.3 43 5.2 47 
UA 60 14.4 51 6.9 56 
2:770 15.2 59 8.3 64 
sr. 80 16 67 9.5 72 
i. 90 16.7 75 10.6 80 
Er 1-100 17.3 83 11.5 89 
n —————————————— 


3 ae number of pretreated dogs was insufficient for this significance 





"3 10 dogs to be ligatured was 10% in laboratory I, 096 in 
E laboratory II and 50% in laboratory III. Overall, for se- 
ü ries of 10 dogs sudden death rate can vary from 0 to 70% 
and for series of 20 dogs from 5 to 55%. 

E . This disparity readily explains the wide variability 
- of results reported for preventive activity assessment 
. of drugs. Yenikomshian and Lown?? claimed that lido- 
Tope had an antifibrillatory effect. They observed, in 
_ 18 dogs treated with lidocaine, a 33% fibrillation rate, 
_ compared with 72% in 18 control dogs. This result was 
not reproduced by Marshall and Parratt,!3 who ob- 

_ Served a 34% death rate in 14 control dogs and a 25% 
_ death rate in 12 dogs receiving treatment. Similarly, 
- Naito et al?? found a 49% death rate in 61 controls and 
. 37% in 19 treated animals. Similar results were observed 
_ with amiodarone treatment. Chew et al!? reported an 
. antifibrillatory effect of amiodarone. They found a 29% 
- ventricular fibrillation rate in 14 control dogs and a 9% 
. rate in 11 treated dogs. However, Naito et al23 found a 
. 44% death rate in 18 treated dogs and a 49% rate in 61 
. controls. In view of these results, the validity of the 
. positive results reported for bepridil?* (20 controls, 10 
. treated dogs), propranolol!6 (24 controls, 24 treated 
; dogs), and the comparison of phenytoin and bretylium 


d 
ty, 


- ‘ 4x? yeahs i él 5» a < 4 i j d 
[X ae ^4 T SEP E Y EN. M M PSOE, Wi A beu 
at 35i: A MEE as iar ui RUN SS SC PE C C ac 


FM 
E 
vs 
E 





i tosylate” (18 controls and, respectively, 10 and 12 





TABLE VI Death After Ligature in One or Two Stages of 
Anterior Descending Coronary Artery 
No. of Death 
Authors Operated Dogs (%) 
Ligature in 1 Stage 
Smith? 11 9 
Manning et al? 17 10 
22 (awake) 40 
Harris? 50 50 
Chardach et al'° 22 4.5 (24 hours) 
Grimal et al"! 93 22 (24 hours) 
Lown and Wolf'? 32 (awake) 53 
Marshall & Parratt!? 14 35 
Davis & Bigger '^ 15 40 
Chew et al 14 29 
Michelson et al® 90 37 
Kanamaya et al! 24 50 (30 min) 
Ligature in 2 Stages 

Harris & Kokernot'? 25 0 
Harris '® 32 25-33 (72 hours) 
Clark & Cummings '9 92 6 
Hood et al?° 28 21.4 
Grimal et al™ 218 20 (24 hours) 
Michelson et al?! 10 0 (2 hours) 


treated dogs) may be doubted. Using 15 controls and 15 
treated dogs, Davis and Bigger!4 attempted to evidence 
an increase in sudden death rate due to thioridazine. 

In conclusion, for reliable assessment of potential 
preventive agents for sudden death, at least 50 dogs per 
experimental series are essential. Dogs of similar weight 
should be chosen because larger dogs are more vulner- 
able to ventricular fibrillation than smaller ones. Gender 
appears irrelevent; season may have a slight effect on 
death rate. 
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figures. 
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Effect of Pulmonary Artery Distention on Systemic Vascular E 
Resistance in Newborn Lambs E 


JAY M. MILSTEIN, MD, and BOYD W. GOETZMAN, MD, PhD 


y É 


Balloon distention of the left pulmonary artery (PA) 
was produced in 14 lambs (aged 1 to 3 days) to 
assess whether an increase in systemic vascular 
resistance results from such distention. The lambs 
were anesthetized with chloralose and instrumented 
to enable measurement of systemic blood flow, PA 
pressure, aortic pressure, heart rate and right atrial 
pressure. PA distention resulted in an increase in 
systemic vascular resistance and aortic pressure 
(p <0.05). This result was probably due to a sys- 
temic vasoconstrictor response, since systemic 


Distention of the pulmonary artery (PA) results in a 
significant increase in PA pressure distal to a distending 
balloon in animals and in humans.!-? In addition, dis- 
tention of the PA of adult animals causes variable reflex 
effects on the systemic circulation.*° Increased systemic 
vascular resistance (SVR) has been observed9-? in some 
infants with persistent fetal circulation, a syndrome of 
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its bifurcation was minimized to avoid disruption of sur- E. 
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blood flow and right atrial pressure did not change — 
significantly. Limited trials using autonomic blocking — 
agents suggested that the response is either a reflex — 
under autonomic control or a response to humoral 
release of a-adrenergic substances. In conclusion, | 
some interdependence appears to exist between the 
systemic and pulmonary vascular beds. It is postu- 
lated that such changes may be important in fetal 
life when they may affect redistribution of cardiac — 
output during adaptation to hypoxemia. d 
(Am J Cardiol 1985;56:681-684). 
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central cyanosis due to extrapulmonary right-to-left — 
shunting, caused by pulmonary hypertension.?-!! This 
study establishes whether acute PA distention can cause — 
increases in SVR in newborn lambs. | 
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Methods Nc. 


Studies were performed in 14 newborn lambs (aged 1103 
days). The lambs were anesthetized with intravenous alpha 
chloralose (40 mg/kg body weight), underwent tracheotomy, | 
and were ventilated with a Harvard animal ventilator. Arterial — 
blood gases were maintained in the physiologic range (pH 7.35 
to 7.45, POs 60 to 90 torr, PCO$ 35 to 45 torr). A left thoracot- - 
omy was performed and the ductus arteriosus was isolated and 
divided. Dissection of tissues surrounding the main PA and — 5 








Á 





. rounding neural elements. The lambs were instrumented to 


. enable measurement of systemic blood flow, using an elec- 


. tromagnetic flow probe on the ascending aorta, and aortic and 
— right atrial pressures using fluid-filled catheters. The flow 
. probe was positioned to avoid impingement on the PA. In 

addition, an end-hole cuffed balloon catheter was placed in 
_ the main PA and advanced to place the balloon in the left PA 
_ to enable distention along with PA pressure measurement 
_ distal to the balloon. Balloon position was confirmed by 
— palpation. 


The flow probes were calibrated using standard flows of 


. normal saline solution generated by a roller flow pump and 
. measured with a graduated cylinder. The pressure transducers 


were calibrated using a mercury manometer. The 0 reference 


was taken at the midchest level with lambs in a lateral decu- 
. bitus position. 


The flow and pressure signals were recorded on a Hew- 
lett-Packard eight-channel strip-chart recorder for inspection 
and calibration purposes. The mean analog flow and pressure 


k signals were processed by an analog-to-digital converter of a 


TIY 


é 


microcomputer system (IMSAI 8080), which increased the 
sensitivity of our system 5-fold. Resistance calculations were 


performed using the classic equation for resistance where SVR 


. is equal to the mean aortic pressure minus the mean right 
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FIGURE 1. Paired pre- and postaortic pressure (PAo) and systemic 


. vascular resistance (SVR) changes after balloon distention of the pul- 


s 


monary artery in 48 trials are connected by solid lines. Identical data 


are present in several pairs of PAọ changes; thus, only 46 lines appear. 


_ In 1 trial performed before baseline stabilization, the paired aortic 


pressure and paired SVR changes decreased strikingly. Four subse- 


. quent trials in the same preparation showed increases in 2 and de- 


creases in 2 in PAg and SVR from the stabilized baseline. The data were 
all included in the paired data analysis. The decreases in the latter 2 
trials as well as in other trials were less striking and were attributed to 


biologic variability. | 
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atrial pressure divided by the mean systemic blood flow. Re- 
sults were displayed on a video monitor every 0.5 second. 

Normal saline solution (1 to 1! ml) was used to inflate the 
catheter balloon for 2 to 5 minutes to distend the left PA. The 
maximal changes in mean PA pressure, mean aortic pressure, 
mean right atrial pressure, mean systemic blood flow and SVR 
were assessed using the baseline and peak changes tabulated 
from the video monitor. Results are expressed as mean + 
standard deviation. Statistical analysis was performed using 
2-tailed paired ¢ tests with each lamb serving as its own 
control. 

We performed limited trials using a- or -autonomic 
blockade or vagotomy in responsive lambs to establish 
whether the observed changes were under reflex autonomic 
control. In 1 lamb, after assuring adequate -adrenergic 
blockade, distention of the PA was repeated. Adequate 
blockade was confirmed using a heart rate dose-response curve 
to isoproterenol with subsequent blockade with propranolol. 
This was followed by right and left vagotomies. In 2 additional 
lambs, after assuring adequate a-adrenergic blockade, dis- 
tention of the PA was repeated. Adequate blockade was 
confirmed using blood pressure dose-response curves to 
norepinephrine with subsequent blockade with phenoxy- 
benzamine. 


Results 


During 48 trials (1 to 7/lamb), distal PA pressure in- 
creased with no decrease in systemic blood flow. Addi- 
tional trials in which distal PA pressure, heart rate or 
systemic blood flow decreased were not included in the 
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FIGURE 2. Pressure and flow tracings from 1 lamb subjected to left 
pulmonary artery balloon distention. The distal pulmonary artery 
pressure (PA) and aortic pressure (Ao) increased and systemic flow (Qs) 
and right atrial pressure (RA) did not change. Both pulsatile and mean 
aortic and pulmonary artery pressure tracings are recorded. LATUM 
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. analysis because these were interpreted to indicate PA 
- obstruction. After distention of the PA, SVR and aortic 
~ pressure increased significantly when the data were 
- analyzed by paired t tests (p <0.05) with each lamb 
-serving as its own control (Fig. 1). However, mean SVR 
(81.8 + 20 mm Hg/liter/min to 84.4 + 19 mm Hg/liter/ 
- min) and mean aortic pressure (55.5 + 13 mm Hg to 58.2 
. x 15 mm Hg) did not change significantly because of the 
wide variation between lambs. The mean baseline sys- 
temic blood flow was 0.69 + 0.3 liters/min and the mean 
right atrial pressure was 2.7 + 2 mm Hg. Changes in 
these variables after PA distention were not statistically 
-significant (Fig. 2). 
; The baseline mean distal PA pressure of 18.9 + 7 mm 
Hg increased to 25.6 + 9 mm Hg (p «0.05). Pulmo- 
nary vascular resistance was not assessed because left 
atrial pressure and pulmonary blood flow were not 
measured. 
In the lamb treated with 9 blockade, after distention 
of the PA, the systemic vascular response persisted. 
. Right vagotomy did not obliterate the response, but a 
subsequent left vagotomy did. In the additional lambs 


treated with a blockade, incomplete blockade was ini- 
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-FIGURE 3. Right atrial 
ESH . pressure and systemic 


(RA), pulmonary artery (PA) and aortic (Ao) 
flow (Qs) tracings from a lamb treated with 
pulmonary artery balloon distention. 
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tially present (Fig. 3). Once complete blockade was 
confirmed, PA distention did not result in SVR changes. E 
In addition, the distal PA pressure changes were | 
blocked (Fig. 4). ia 
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Discussion AT 


Acute PA distention caused increases in SVR in 5 
newborn lambs, which appeared to be a result of sys- - 
temic arterial vasoconstriction since systemic flow and 
right atrial pressure did not change. B 

Our findings are similar to those observed by others 
in anesthetized adult dogs subjected to balloon is zog | 
tention of the pulmonary trunk.? In other studies re- - 
porting variable responses in systemic arterial pressure, à 
resistance changes were not calculated. The latter in- — 
vestigators found the responsible baroreceptors to be — 
much more concentrated in the pulmonary arterial | 
branches than in the main PA.!? This is consistent with . 
our experience. In another study, both conscious and . 
anesthetized dogs were evaluated.? A small increase in 
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FIGURE 4. Right atrial (RA), pulmonary artery (PA) and aortic (Ao) 
pressure and systemic flow (Qs) tracings from the same lamb as in — 
Figure 3. The distal pulmonary artery and aortic pressure changes : are 
obliterated after administration of an additional dose of phenoxyben- _ 

nonary artery pressures. —————- 
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E^ aortic pressure was observed in response to balloon 
_ distention in the main PA, yet the calculated SVR did 
- not change.? However, diastolic aortic pressure, which 
- Correlates with SVR,!?!4 increased significantly, 
‘Suggesting that changes in SVR escaped detection. Fi- 
_ nally, unanesthetized sheep, including newborns, 3- 
. month-old lambs and adult sheep have been evaluated 
_ during balloon distention of the proximal main PA. The 
. adult sheep had small but significant increases in aortic 
- pressure, whereas the newborns did not.? The investi- 
- gators implied that SVR did not change, yet the cardiac 
| . output decreased significantly. Consequently, SVR 
. must have increased in order to maintain the elevated 
. or constant aortic pressure observed. 

E _ The variable findings just described may be a result 
— of biologic variability or of effects of anesthesia. Alpha 
v chloralose was used as the anesthetic in our studies 
x because it has been shown to have less severe depressant 
- effects on ventricular performance and greater preser- 
_ vation of reflex activity, particularly baroreceptor re- 
 flexes, in some species.!>:!6 Whether the increase in SVR 
. would be enhanced using an unanesthetized preparation 
- remains to be determined. 

—. . Our finding that acute PA distention causes increases 
- in pulmonary arterial pressure is similar to observations 
3 by other investigators.!-3 The pulmonary effects have 
.. not been abolished by vagotomy,!? but can be blocked 
with lidocaine infiltration of the main PA, by the infu- 
a sion of 6-hydroxydopamine, which causes selective 
3 destruction of adrenergic nerve terminals and depletion 
. of norepinephrine, or by surgical denervation of the 
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- pulmonary artery. Apparently, the pulmonary vaso- 
. constrictive mechanism primarily involves the release 
. of norepinephrine at nerve endings.!? Our findings of 
- blocked PA pressure changes in limited trials with 
. a-adrenergic blockade are also consistent. 

|. The pulmonary vasoconstrictive mechanism may 
- have several roles. In the fetus, hypoxemia enhances 
_ pulmonary vasoconstriction. This, in turn, may lead to 
_ distention of proximal segments of the PA, which results 
. in further pulmonary vasoconstriction, preferentially 
_ shunting blood across the ductus arteriosus to the pla- 
_ centa. After birth, as the pulmonary vascular resistance 
. decreases with lung expansion and improved oxygen- 
_ ation, PA distention may diminish, resulting in still 
_ further increases in pulmonary blood flow. 

— The role of the autonomic nervous system in systemic 
- vascular changes has also been studied in adult animals. 
_ Systemic effects can be blocked with vagotomy, as well 
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as local infiltration of the main PA with phentolamine - 
or 2% lidocaine. Our results with limited trials using 
autonomic blocking agents and vagotomy are similar to 
those of others.4517 However, we cannot conclude 
whether the proposed norepinephrine release into the 
circulation is more critical than autonomic nervous 
control in the changes observed. 

Some interdependence appears to exist between the 
systemic and pulmonary vascular beds, which can be 
triggered in newborn lambs by distention of the pul- 
monary artery distal to its bifurcation. Although the 
physiologic role of the systemic vasoconstrictor response 
is unclear, it could be important in the redistribution 
of cardiac output observed in the hypoxemic fetus. 


Acknowledgment: We gratefully acknowledge Stephen 
H. Bennett for technical assistance. 
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hypertensive patients 





Minipress' for initial therapy 
(prazosin HCl) 


m [s effective when used alone 

m Does not cause a significant incidence of sexual 
impotence, although it has been reported 

m Does not adversely affect blood lipids*? 

m Does not lower heart rate, cardiac output or work 
capacity? 

m Does not induce potassium wasting! 

m Most common side effects with Minipress, 
generally mild and transient, are dizziness, 

" | headache, drowsiness, palpitations, and nausea. 

: S : Syncope (sudden loss of consciousness) has been 

L reported in about 0.15% of patients at the 
recommended initial dose of 1 mg. 








*Minipress is not indicated for the treatment of hyperlipidemia. 
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| (prazosin HCI) Capsules 1mg 2 mg 5mg 


Brief Summary 
MINIPRESS* lprazesie hydrochloride) Capsules For Oral Use 
INDICATIONS: MINIPRESS (prazosin hydrochloride) is indicated in the treat- 


ment of hypertension. As an antihypertensive drug, it is mild to moderate in activ- 
ity. It can be used as the initial agent or it may be employed in a general treatment 
program in conjunction with a diuretic and/or other antihypertensive drugs as 
needed for proper patient response 
WARNINGS: Minipress may cause syncope with sudden loss of conscious- 
ness. In most cases this is believed to be due to an excessive postural hy- 
potensive effect, although occasionally the syncopal episode has been 
receded by a bout of severe tachycardia with heart rates of 120-160 
eats per minute. Syncopal episodes have usually occurred within 30 to 
90 minutes of the initial dose of the drug; occasionally they have been re- 


. ported in association with rapid dosage increases or the introduction of 


another perte drug into the regimen of a patient taking high 
doses o! MINIPRESS. The incidence of syncopal episodes is — 
mately 1% in patients pa an initial dose of 2 mg or greater. Clinical 
trials conducted during the investigational phase of this 9 suggest that 
syncopal episodes can be minimized by limiting the initial dose of the 
drug to 1 mg, by subsequently increasing the dosage slowly, and by intro- 
ducing any additional antihypertensive drugs into the patient's regimen 
with caution. (See DOSAGE AND ADMINISTRATION.) Hypotension may 
develop in patients given MINIPRESS who are also receiving a beta- 
blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and 
treated supportively as necessary. This adverse effect is self-limiting and in most 
cane, does not recur after the initial period of therapy or during subsequent dose 
titration. 

Patients should always be started on the 1 mg capsule of MINIPRESS. The 2 
and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated 
with lowering of the blood pressure: namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised what 
measures to take should they develop. The patient should also be cautioned to 
avoid situations where injury could result should syncope occur during the initi- 
ation of MINIPRESS Bain 

Usage in Pregnancy: Althou 


Qn no teratogenic effects were seen in animal 
testing, the safety of MINIPRE 


S in pregnancy has not been established 


H - MINIPRESS is not recommended in pregnant women unless the potential benefit 


outweighs potential risk to mother and fetus 

Usage in Children: No clinical experience is available with the use o! 
MINIPRESS in children. 
ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS therapy are: dizziness 10.3%, headache 78%, drowsiness 76%. lack 
of energy 6.9%, weakness 6.5%, palpitations 5.3%, and nausea 4.9%. In most 


- instances side effects have disappeared with continued therapy or have been tol- 
— grated with no decrease in dose of drug 


The following reactions have been associated with MINIPRESS some of them 
rarely. (In some instances exact causal relationships have not been established.) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 
or pain. 

Cardiovascular: edema, dyspnea. syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus, alopecia, lichen planus 

Genitourinary: urinary frequency. incontinence, impotence, priapism 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 


-. Congestion. 


Other: diaphoresis 
Single reports of pigmentary mottling and serous retinopathy, and a few reports 


_ of cataract development or disappearance have been reported. In these instances 


the exac! causal relationship has not been established because the baseline ob- 
servations were frequently inadequate 

In more specific slit-lamp and funduscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings have 


' — been porie 
- DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted 


according to the patient's individual blood pressure response. The following is a 
guide to its administration 

Initial Dose: ! mg two or three times a " (See WARNINGS.) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose o! 
20 mg given in divided doses. The therapeutic dosages most commonly employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
20 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen. 

e With Other Drugs: When adding a diuretic or other antihypertensive 
agent, the dose of MINIPRESS should be reduced to 1 mg or 2 mg three times a 
day and retitration then carried out. 

OVERDOSAGE: Accidental ingestion of at least 50 mg of MINIPRESS in a two 
year old child resulted in profound drowsiness and depressed reflexes. No de- 
crease in blood pressure was noted. Recovery was uneventful 

Should overdosage lead to hypotension, support of the cardiovascular system 
is of first importance. Restoration of blood pressure and normalization of heart 
rale may be accomplished by keeping the patient in the supine position. If this 
measure is inadequate, shock should first be treated with volume expanders. If 
necessary, vasopressors should then be used. Renal function should be monitored 


_ and supported as needed. Laboratory data indicate MINIPRESS is not dialysable 
~ because il is protein bound 


TOXICOLOGY: Testicular changes, necrosis and atrophy have occurred at 25 mg, 
kg/day (60 times the usual maximum recommended dose of 20 mg per day in hu- 


mans) in long term (one year or more) studies in rats and dogs. No testicular 
- changes were seen in rats or dogs at the 10 mg/kg/day level (24 times the usual 


- More delailed information available on request. 


maximum recommended dose of 20 mg per day in humans). In view o! the testic- 
ular changes observed in animals, 105 patients on long term MINIPRESS 
(prazosin hydrochloride) therapy were monitored tor 17-ketosteroid excretion and 
no changes indicating a drug effect were observed. In addition, 27 males on 
MINIPRESS (prazosin hydrochloride) alone tor up to 51 months did not demon- 


- strate changes in sperm eine SU m of drug effect 


HOW SUPPLIED: MINIPRESS is available in 1 mg (white #431), 2mg (pink and 
white #437) capsules in bottles of 250, 1000. and unit dose institutional pack- 
ages of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in bottles of 
290, 500 and unit dose institutional packages of 100 (10 x 10's). 
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The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 


on prescription drugs. 


An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that's perfectly suited to 
the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers' package inserts. They 
don't edit. Just print material manufacturer pays to have included. 


Here's what careful planning does for MODERN DRUG 

ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a "strong focus” layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 
the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
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* THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 
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INTRODUCING THE SMALLEST, 
LIGHTEST HOLTER RECORDER AVAILABLE. 


The new Spacelabs 90201 Holter recorder weighs 
just 10 oz., - about the same as some of the everyday items 
your patients might have in their pockets. And at a tiny 
3.2" x 5.5" x 0.8" size, it fits right in a shirt pocket, too. 

The latest, most advanced technology has enabled us 
to put all the reliability, accuracy and capability of our 
previous generations of Holter recorders - and then some - 
into this new compact model, for the greatest patient com- 
fort and convenience ever. 

It provides 2 channels of ambulatory ECG data, plus 
a discrete timing track for 24 or 48 hours' continuous record- 
ing time. Automatic calibration and a backup internal battery 
forthe LCD clock guarantee accurate event-time correlation. 
And the patient event marker is easily accessible. 
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"FEATHERWEIGHT" 90201 HOLTER RECORDER 


Ask your representative for the name of a scanning service in your area. 
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AND SPACELABS' MOST ADVANCED, ACCURATE, 


EASY-TO-USE HOLTER ANALYSIS SYSTEM. 


Our new 90101 scanner minimizes the inaccura- 
cies inherent in other arrhythmia discriminators via its 
powerful simultaneous 2-channel discriminator, for more 
meaningful information. And you can get this informa- 
tion faster and easier than ever before -a full report, in- 
cluding numeric summary, graphic summary and sample 
beat classification, in just 10-15 minutes - without any 
operator interaction! Or you can have a fully edited re- 
port, using its morphology merge/ delete feature, in just 
5 minutes. What's more, you can easily program the system 
to individualize reports to meet your specific needs. It 
includes an industry standard communications bus - a 
pathway to the future 
with the product you 
purchase today. And its 
cost is justified in only 
3 scans/ month! 





NEW 


90101 HOLTER ANALYSIS SYSTEM 


Spacelabs 


A Squibb Company 


4200 150th Avenue, NE, P.O. Box 97013 
Redmond, WA 98073-9713 (206) 882-3700 
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state of the art of medical and surgical 
myocardial revascularization in clinical 
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Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverage af the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an 
outgrowth of the recent International Symposium on Myocardial 
Revascularization held in Nassau, The Bahamas. It is edited by 


- two internationally renowned specialists, Dean T. Mason, MD, 


and John J. Collins, Jr., MD. 
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CARDIAC DOPPLER 
The Cardiac Doppler system expands conventional * Detects the high velocity jets of flow through 


echocardiography by providing noninvasive assessment prosthetic valves. Detects prosthetic valve leakage. 
of flow velocities through all four heart valves. It is all you Monitors valve function over time. 


need to confirm stenotic or regurgitant valvular disease.  e Color spectral patterns locate and grade shunts. 
e Color spectral patterns grade the degree of valve e Displays ECG trace for time reference. Phono trace for 
stenosis and turbulence. correlation of heart sounds with Doppler flow velocity 
* Valve cross-sectional areas can be derived from patterns. 
pressure gradient half-times. | e Computes cardiac output approximation, stroke 


e Color spectral patterns grade the degree of volume and average flow. 
regurgitation. Valve prolapse is identified through the Call 1-800-334-4531 to place your order, for in-depth 
presence and timing of regurgitation. information or an on-site demonstration. 
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Pharmacokinetics and Pharmacodynamics of Milrinone 
in Chronic Congestive Heart Failure 


JOSEPH R. BENOTTI, MD, LAWRENCE J. LESKO, PhD, JANE E. McCUE, RN, 
and JOSEPH S. ALPERT, MD 





The acute hemodynamic effects and pharmacoki- 
netics of bolus intravenous milrinone administration 
were assessed in 13 patients with severe congestive 
heart failure. Serial hemodynamics were measured 
and blood samples were obtained to determine 
plasma milrinone concentration and calculation of 
pharmacokinetic variables after administration of 
milrinone at 12.5, 25, 50 and 75 g/kg, allowing at 
least 6 hours to elapse between consecutive milri- 
none doses. At each dose milrinone effected prompt 
but very short-lived increases in cardiac output and 
left ventricular stroke work and decreases in pul- 
monary artery pressure, right atrial pressure and 
systemic and pulmonary vascular resistance in a 


Milrinone, a bipyridine derivative, is one of several re- 
cently developed nonglycoside, nonsympathetically 
mediated, positive inotropic agents. Milrinone exerts 
a positive inotropic effect in vitro as evidenced by an 
increase in myocardial force generation, an increase in 
ventricular developed tension and the peak rate of iso- 
volumic ventricular pressure generation (LV dP/dt) in 
isolated myocardial tissue, isolated heart preparations 
and laboratory animals.!-? Exploratory efficacy studies 
in patients with advanced congestive heart failure 
(CHF) show that milrinone administered intravenously 
and orally improves cardiac index, lowers pulmonary 
artery wedge and right atrial pressures and dramatically 
lowers systemic vascular resistance* while increasing 
the peak rate of LV dP/dt.‘ Its salutary hemodynamic 
effects are probably exerted, in part, through an ino- 
tropic and vasodilator mechanism of action. Some ad- 
ditional benefit may accrue from the ability of milrinone 
to improve diastolic ventricular compliance.® This study 
was designed to elucidate the pharmacokinetics and 
pharmacodynamics of milrinone administered intra- 
venously on an incremental bolus dose schedule. 


From the Division of Cardiovascular Medicine, University of Massa- 
chusetts Medical Center, Worcester, Massachusetts, and the Phar- 
macokinetics Laboratory, University of Maryland School of Pharmacy, 
Baltimore, Maryland. This investigation was supported in part by a grant 
from the Sterling Winthrop Research Institute, Rensselaer, New York. 
Manuscript received March 4, 1985; revised manuscript received May 
3, 1985, accepted May 13, 1985. 
Address for reprints: Joseph Benotti, MD, Division of Cardiovascular 
Medicine, University of Massachusetts Medical Center, 55 Lake Avenue 


.. North, Worcester, Massachusetts 01605. 


non-dose-dependent fashion. Pulmonary artery 


wedge pressure decreased in a dose-related man- 


ner. Heart rate increased significantly after the 
75-ug/kg dose and mean arterial pressure de- 
creased significantly only after the 50- and 75-j1g/kg 
milrinone dose. The time-dependent decline in 
plasma milrinone concentration was biexponential 
and log linear, conforming to an open 2-compart- 
ment model of drug distribution and elimination. 
Mean plasma milrinone clearance (+ standard 
error) was 0.15 + 0.03 liters/min/kg, volume of 
distribution was 0.35 + 0.02 liters/kg and mean 
elimination half-life was 1.7 hours. 

(Am J Cardiol 1985;56:685-689) 


Methods 


According to a protocol approved by the Committee on the 
Protection of Human Subjects in Research at the University 
of Massachusetts Medical Center, all consecutive patients 
with New York Heart Association class III or IV symptoms 
of CHF and an ejection fraction of less than 0.40 while re- 
ceiving digoxin and diuretic therapy were candidates for this 
investigation. Patients were excluded from participation in 
this protocol if they had (1) myocardial infarction within the 
preceding 3 months, (2) limitation of exercise capacity by 
angina rather than by dyspnea or fatigue, (3) untreated sus- 
tained ventricular tachycardia, (4) serious primary hepatic 


or renal dysfunction (serum creatinine 3.0 mg/dl or more), (5) 


cardiac index greater than 2.5 liters/min/m?, and (6) pulmo- 
nary artery wedge pressure less than 15 mm Hg. 

Each patient was maintained on a no-added-salt diet and 
a stable dose of digoxin and diuretics. Twenty-four hours 
before milrinone administration, all vasodilator treatment was 
discontinued. The patient was transferred to the coronary care 
unit, where a triple-lumen thermodilution Swan-Ganz cath- 
eter was advanced into the pulmonary artery. After baseline 
hemodynamic stability was established (less than 10% varia- 
tion in cardiac output and pressures on at least 2 consecutive 
measurements at least 1 hour apart), intravenous milrinone 


was administered as a 12.5-ug/kg dose at 100 ug/s. Serial he- 


modynamic measurements and 5-ml blood specimens were 
obtained to determine plasma milrinone concentration at 5, 
10, 15, 30, 60, 180 and 360 minutes after each dose. Six hours 


after the first dose each patient received milrinone as 25 g/kg 
by intravenous bolus at 100 ug/s with serial hemodynamic ` 
measurements and blood sampling as previously outlined. - 
After a night of rest the patient received his or her third mil- 
rinone dose (50 ug/kg) 24 hours after the 12.5-ug/kg milrinone - 
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dose, with serial hemodynamic measurements and blood 
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E. A Y^ UNS E sampling for milrinone concentrations obtained as above. The 
mr ou fourth dose, 75 ug/kg was then administered 6 hours after the 
eA M third dose, again with serial hemodynamic monitoring and 
EUM i" milrinone plasma level determinations. 
fi mY E © att SSE ae 19 $ Cardiac output was measured in triplicate by the thermo- 
8 E E) H HHH 2 2 dilution technique. Mean arterial pressure was measured as 
REEL CQizse|oog9 Sy d hh? the electrical integral of the phasic oscilloscopic signal or as 
RM = es Se. t the sum of diastolic pressure plus one-third pulse pressure 
a $ E when measured by sphygmomanometer. For all pressures the 
Ee € nies ELA E > 0 reference point was taken at 5 cm below the sternal angle. 
p cgelerrrerer| gi Derived hemodynamic variables were calculated according 
; C2) HHHHHHHH! Èg to standard formulas.” 
i 2|9939999359| I0 Blood for pl ilri tration determinati 
i. 2 tows ood for plasma milrinone concentration determination 
Sa x £ was collected in citrated tubes, immediately centrifuged and 
peri 0 the supernatant (plasma) was frozen at —60°C. Milrinone 
E s O» à c 69 € — AM 5 4 plasma levels were determined by a high-performance gas 
ue E d d i z F ie 6 z 5 liquid chromatography technique.8 Those analyzing and 
ts a. 3 moweneono! SE reporting milrinone plasma levels were not intentionally blind- 
ee Sl ardraeaa| F E ed to milrinone dose, time after dose or hemodynamic 
ir Sz responses. 
m P ALS A 8 An open 2-compartment model was fitted simultaneously 
n 2 S AE N na EQ to the plasma milrinone concentration-time data obtained 
5 CS | yay s HH gc after each successive milrinone dose by nonlinear regression 
in. e 3 nontona) © S analysis using ADAPT.? Model-dependent kinetic parameter 
Ad z|eoceos9we- 1s values of total body clearance (CL), volume of distribution 
Berth zo (V;) and elimination rate constant (^,) were calculated from on 
DUM 2 7 regression-dependent micro rate constants and volume terms | 
i Blos chet - $5 as follows!?: CL = kioV.; V, = CL/A;; A, = 1/2[(ki2 + ko, + x 
E x E A8 ACIEM HA $ © k10)] — [(ki2 + ko; + k10)? — 4k ko] 1/2. ! 
pr c E| rorocono| 9t? The terminal elimination half-life (t,/2) was calculated as: 2 
e Tee AMETS ado EE RON tie = In 2/X,. | 
Fir = 5 For each patient at each milrinone dose, hemodynamic | 
gs Gi a EAE | X9 c E variables were measured at the time of the maximal cardiac x: 
vs j aí|o---o-oo g ZR output. Baseline hemodynamic variables are average values 3 
PU & m POLUERA H] BA & : of 2 sets of data recorded one-half hour before and just before / 
-OO0rr-«owou| “Se e s > : 
b. | PNMANM AGA) wo drug administration. Comparisons between peak response n 
Nh og relative to baseline for each milrinone dose, between consec- 
ad e^ : :A 3 utive baselines and between peak hemodynamic responses | 
er. af|lo9r-oeorofr g 12 after each milrinone dose were made using an analysis of i% 
e SE) HHHHHHHH! O58 variance. | 
P. b =| $S9338222| 59$ 
Ht e ET: Results 
3 I AE io ns 92 > Our study population was composed of 10 men and 
" = See C IAN $35 3 women, aged 43 to 81 years. Eleven had New York 
"d e ZEJNNAANA N| OS Heart Association class IV symptoms and 2 had class | 
e £ > 3) ITE UM os III symptoms. CHF resulted from advanced coronary ~~ 
E^ = Sos irgo SBE heart disease in 11 patients and from nonischemic di- | 
eee o ora lated cardiomyopathy in 2. The hemodynamic action 
E: ? s dor e uM and kinetic behavior of milrinone in these 2 patients was — 
a Z zf|roooovro 9S7 indistinguishable from those of the 11 patients with — 
E: 2 od d rire dest od ge coronary heart disease. No patient had responded sat- ^. 
i. f E aa Ron E E isfactorally to digoxin, diuretics and vasodilators in 
L 9 = = i optimal doses. The advanced state of LV dysfunction | 
E E $|-*o^otaeL|?9 8 > in each patient was evidenced by a severe depression in 
s E o|r rorr rre S58 LV ejection fraction, ranging from 0.08 to 0.27. 
E : $ os ^ A T 1 ^ T 2n 2s s Table I describes the group mean peak hemodynamic 
i E E| forore o $ E 3 responses to the 4 consecutive milrinone doses and the 
iio = QoE. group mean maximal plasma milrinone concentration 
n ECCE. Sb ite al D "88 after consecutive milrinone doses. Cardiac output in- 
eM. di £ E 9| G9 9G 9o acus creased significantly with each dose, to 6.0, 6.0, 6.1 and 
lis a -AE JS a. E 6.6 liters/min after the 12.5- 25-, 50- and 75-ug/kg mil- L 
pea " er rinone doses, respectively. Analysis of variance revealed 2 
Lr 2 no significant differences between maximal cardiac 
b Ss output after each dose. Pulmonary artery wedge pres- 


X sure decreased significantly to 17, 13 and 11 mm Hg 
(x | | after milrinone administration at 12.5, 50 and 75 ug/kg, 
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‘he wedge pressure reduction after the 50- and 
g doses MOREM exceeded that after the 


m M fechion. Mean arterial pressure Toonai slightly 


t significantly only after the 50- and 75-ug/kg doses. 


san pulmonary artery pressure decreased signifi- 


3h atly, from the 30- to 32-mm Hg range, during the 
— control period to 26, 27, 24 and 25 mm Hg, respectively, 
s as f | the milrinone dosage was increased. No dose-re- 


E sponse relation was discernible. Right atrial pressure 


creased significantly after milrinone administration, 

J^ vei the 10 to 13 mm during the control period to 9, 8, 
AR. and 8 mm Hg as the milrinone dosage was increased, 
s E ri ith no demonstrable dose-response relation. Systemic 
payee scular resistance decreased significantly, to 13.3, 13.4, 
ee 11.2 Wood units after each milrinone dose. The 

ə in systemic vascular resistance was dose-in- 

endent, as there was no significant difference be- 

| systemic vascular resistance values measured 
successively larger milrinone doses. Pulmonary 

- resistance, initially slightly elevated, decreased 
atly with milrinone administration. No dose- 
:lation was discernible. Heart rate increased 
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ant]: ‘only a after the largest milrinone dose. 
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utes after drug administration. — —— 
Peak plasma milrinone concentration rose ] née 
with dosage (Fig. 1). No correlation was found be et 


the maximal cardiac output and plasma milrinone 


concentration (Fig. 2). 


Figure 3 is a ventricular function curve in| pue 


cardiac output was plotted against pulmonary £ 
wedge pressure. Because no significant die; 
found between the control cardiac output value: 
pulmonary wedge pressure values preceding e4 


rinone dose, they were averaged and are repres en 1 ted b 


point C. M1ı,2 represents mean cardiac output ar 
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3  Milrinone [plasma] ngm/mi 
e 12.5 ug/kg = 25 ug/kg a 50 ug/kg 
FIGURE 2. Relation between individual maximal ca 


each milrinone dose and simultaneous plasma milrin 
tion. 
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* monary wedge pressure after milrinone doses of 12.5 and 
_ 25 ug/kg and M3 and M, represent cardiac output and 
. pulmonary wedge pressure after doses of 50 and 75 
-— pg/kg. Although the increase in cardiac output plateaus 


Li 


. asthe milrinone dose increases (Table I) and the indi- 

. vidual maximal cardiac output appears to be indepen- 

. dent of simultaneous plasma milrinone concentration 

— (Fig. 2), overall ventricular performance (expressed as 

. cardiac output as a function of pulmonary artery wedge 

- pressure) improves as the milrinone dose increases. 

- Figure 4 shows observed and predicted plasma mil- 
rinone concentrations obtained by simultaneous mod- 
eling in a representative patient. It shows the close 

correlation between observed and calculated plasma 
milrinone concentrations. Plasma milrinone concen- 
tration declines biexponentially with time after milri- 

. none injection. The biexponential equation describing 

_ the time course of milrinone plasma concentrations 

. preceding the lowest milrinone dose is also shown. A 
. 2-compartment body model adequately described the 
- disposition of milrinone in each patient. 

-The derived kinetic parameter values for milrinone 

. include a mean CL of 0.15 liters/kg/hour (range 0.11 to 

... 0.20) and a mean V, of 0.35 liters/kg (range 0.24 to 0.44). 

- The milrinone half-life values ranged from 1.3 to 2.2 

- hours (mean + standard deviation 1.7 + 0.3). 
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$ This investigation demonstrates that milrinone in 
_ incremental intravenous doses up to 75 ug/kg elicits 
significant but very abbreviated improvements in 
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ventricular function. These are manifested by increases 
in cardiac output and LV stroke work and decreases in 
pulmonary artery wedge and right atrial pressure. 
Systemic vascular resistance decreases significantly, 
heart rate increases significantly and blood pressure 
decreases only with the highest milrinone dose. The 
salutary hemodynamic changes are compatible with an 
inotropic and vasodilator mechanism of action. Baim 
et alt and Collucci et al!? published preliminary data 
that suggests that milrinone exerts its beneficial he- 
modynamic effect, at least in part, by a positive ino- 
tropic action. In vitro and experimental animal data also 
suggest that milrinone has an inotropic mechanism of 
action.!-? 

The explanation for the pleateau relation between 
milrinone dose and hemodynamic response is not clear. 
As ventricular function improves with milrinone, 
a drug that exerts its beneficial effects through a non- 
glycoside, noncatecholamine-mediated mechanism of 
action,'-? evoked hemodynamic changes may work in 
concert to attenuate further functional improvement 
despite further dosage increases. Cardiac preload may 
be reduced as a result of reflex withdrawal of venular 
tone or overall hemodynamic improvement, or owing 
to a direct dilatory effect of milrinone on venous smooth 
muscle. In this manner, milrinone may redistribute 
blood away from the central circulation, thereby re- 
ducing LV end-diastolic volume. This would limit the 
maximal increase in cardiac output attainable. Indeed, 
our data suggest that higher doses of milrinone (50 and 
75 ug/kg) reduced pulmonary artery wedge pressure to 
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: FIGURE 4. Estimation of plasma milrinone concentration for repetitive doses in a representative patient using the ‘‘Adapt’’ program for multiple 
. dosing. Close agreement between the computer-derived curve (drawn from estimated milrinone plasma levels [x]) with the measured milrinone 
plasma levels (open circles) is apparent. 


& 


a greater degree than lower milrinone doses (12.5 and 

25 ug/kg). As the wedge pressure declines below 15 mm 

Hg in most patients with CHF, it is likely that any fur- 

ther decline in preload would limit subsequent increase 

— in cardiac output effected by further improvements in 
the inotropic state of the myocardium or decreases in 
afterload effected by a larger milrinone dose. The pla- 
teau relation between milrinone dose and hemodynamic 
response may also be explained by milrinone’s pre- 
sumed mechanism of action as a phosphodiesterase 
inhibitor. Doses of milrinone in excess of that required 
for maximal phosphodiesterase inhibition should effect 
little, if any, additional hemodynamic improvement. 
These data suggest that there is a plateau in the re- 
sponse to bolus milrinone administration in doses in 
excess of 50 to 75 ug/kg/min. Higher doses may cause 
an undesirable increase in heart rate or decline in mean 
arterial pressure without further improving cardiac 
output. 

The characterization of milrinone disposition by a 
2-compartment open model after repeated intravenous 
bolus administration is in agreement with the obser- 
vations of Stroshane et al.!:1? They reported a similar 
disposition profile in patients with CHF and in normal 
volunteers. Their CL (0.11 + 0.01 liters/kg/hour) in 
patients with CHF was similar to the mean CL (0.15 

-  Jiters/kg/hour) found in this study. The volumes of 

— distribution in CHF were very similar (0.33 vs 0.35 li- 

ters/kg). Because of almost identical CL and V; pa- 

rameter values in each study, the terminal elimination 

half-life values in their study (1.8 hours) and our study 

(1.7 hours) were identical. By contrast, they found that 

the elimination half-life of milrinone in normal volun- 

teers was markedly less, 0.8 hours, primarily owing to 

a faster CL (90.28 liters/kg/hour) and not because of a 

smaller distribution volume. A major question that must 

be addressed is whether plasma clearance of milrinone 

increases and its elimination half-life shortens as cardiac 
function improves. 

Relative to dopamine or dobutamine, milrinone has 

_ a longer elimination half-life. Accordingly, a loading 

' bolus followed by a continous intravenous infusion is 

required to achieve a prompt, therapeutically effective 


Ws 


oe October 1,1985. TF 













í ! 
eq Az 


sion. Accordingly, any potentially undesirable hemo- —— 
dynamic effects should resolve reasonably promptly — - 
with dose reduction or drug discontinuation. BE 
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Effects of Hydralazine on Pressure-Volume and 
Stress-Volume Relations in Congestive Heart Failure 
Secondary to Idiopathic Dilated Cardiomyopathy 


MARK L. SMUCKER, MD, C. FAGG SANFORD, MD, and KIRK M. LIPSCOMB, MD 


. The mechanism by which hydralazine improves 


_ Cardiac function in patients with heart failure is not 
. well characterized. Hydralazine may improve left 


ventricular (LV) function by decreasing afterloading 
wall stress or by increasing myocardial contractility. 


. The effect of intravenous hydralazine was assessed 


in 8 patients with severe idiopathic dilated cardio- 


: myopathy. Hydralazine increased stroke volume 


sph 


index (from 24 + 8 to 40 + 9 mi/m?, p <0.01) and 


. decreased systemic vascular resistance (from 1,603 


_ x 619 to 810 + 317 dynes s cm^5, p <0.01) and 


peak LV wall stress (from 476 + 118 to 410 + 68 
kdynes/cm?, p = 0.02). Two groups were defined 
by normal or high LV wall stress. Patients with high 


. LV stress had higher LV end-diastolic pressure (38 


. + 12 vs 17+ 8 mm Hg, p <0.01), LV end-diastolic 


. volume index (184 + 24 vs 149 +7 mi/m2, p <0.01) 


and systemic vascular resistance (1,423 + 686 vs 


Although hydralazine administration increases stroke 
volume in patients with chronic congestive heart failure, 
the mechanism of this response is not well established. 


_ Patients differ in responsiveness to vasodilators, which 

has been related to differences in systemic vascular 
. resistance, left ventricular end-diastolic pressure 
- (LVEDP), and LV cavity size.'? The association of LV 
. dilation with a good response to hydralazine suggests 


i TN 


_ that vasodilators may act through a reduction in LV 


_ wall stress.?-9 The positive inotropic effect of hydrala- 
- zine may also play a role.” To assess the role of LV stress 


] ME 


_ and inotropy in hydralazine therapy, we examined the 


_ effect of intravenous hydralazine on LV pressure-vol- 
ume and stress-volume relations, vascular resistance, 
and indexes of cardiac performance in 9 patients with 


"UE 


idiopathic dilated cardiomyopathy. 
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846 + 293 dynes s cm 5, p = 0.01). Hydralazine 
decreased stress more in these patients (—101 4- 
57 vs —6 + 9 kdynes/cm?, p = 0.02), LV end-dia- 
stolic pressure (—12 + 7 vs 2 + 2 mm Hg, p = 0.02), 
systolic pressure (—15 + 13 vs 3 + 4 mm Hg, p = 
0.03) and systemic vascular resistance (—1,053 + 
247 vs —363 + 83 dynes s cm~5, p <0.01) than in 
patients with normal LV stress. Decreased LV stress 
was caused by decreased systolic and diastolic 
pressures and/or volumes. Late systolic pressure- 
volume relations in patients with normal LV stress 
suggested increased myocardial contractility, but 
this was not confirmed by LV dP/dt. Hydralazine 
improves LV function in patients with dilated car- 
diomyopathy by reducing elevated LV wall stress, 
with little inotropic effect. 


(Am J Cardiol 1985;56:690-695) 


Methods 


Patients: Nine patients were studied during cardiac cath- 
eterization after optimal diuresis without vasodilator therapy, 
often requiring both furosemide (as much as 800 mg/day) and 
metolazone (as much as 10 mg/day). No complications re- 
sulted from this study. 

Hydralazine administration: Hydralazine was adminis- 
tered intravenously in sequential 5-mg doses every 5 minutes, 
titrated to decrease arteriovenous oxygen saturation differ- 
ence to about half baseline values, approximately doubling 
cardiac output. The mean total dose was 27 mg (range 10 to 
60). 

Catheterization: Biplane left ventriculography with si- 
multaneous LV micromanometry (Millar Instruments), dP/dt 
and right atrial pressure recordings were performed before and 
after hydralazine administration. Central aortic microma- 
nometer pressure was recorded immediately before each 
ventriculogram. Contrast-induced pressure shifts during 
ventriculography?? were avoided either by using 2 catheters 
or by using a custom-guiding catheter that allowed intra- 
ventricular micromanometer placement during injection. At 
least 30 minutes elapsed between ventriculograms taken be- 
fore and after administration of hydralazine to allow contrast 
effects to dissipate.5? Coronary arteriography showed no 
significant coronary artery disease. 

Data calculation: Biplane LV images were digitized frame 
by frame (60 frames/s) over 2 successive cardiac cycles both 
before and after hydralazine administration. LV perimeters 
were corrected for pincushion distortion and tube-to-screen 
magnification by a biplane triangulation technique.!° LV 
volume was calculated by the biplane area-length method.!! 
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to determine end-systolic pressure and wall stress. The 
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LV mass was calculated from radiographic end-diastolic wall 
thickness.!? Wall thickness was calculated for each frame by 
an iteration technique using the first mass.!? Circumferential 


wall stress was calculated from the formula for a thin-walled 
prolate spheroid.!^ LV wall stress and systemic vascular re- 
‘sistance were considered high when they exceeded 450 
kdynes/cm? and 1,500 dyne s cm~, respectively.15.16 

_ Central aortic pressure was superimposed on LV pressure 
to determine the time of aortic valve closure, which was used 


smallest LV volume determined end-systolic volume. Peak 
dP/dt was taken from the analog derivative of the pressure 
tracing.!? 

_ Statistical methods: Ventriculographic data were 
‘smoothed using a 9-point polynomial approximation tech- 
nique. Values presented are the average of the 2 consecutive 


beats. The significance of differences was defined by analysis 


. of variance. 
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Accuracy and reproducibility: Immediately before each 
ventriculogram, micromanometer pressure traces were su- 
perimposed on simultaneous LV pressure traces from mer- 
cury-calibrated air-reference transducers. The accuracy of 
pressures is therefore within 5 mm Hg. Our computerized 
x-ray dimension system!? can measure distances between 
beads randomly oriented in the x-ray field with 95% confi- 
dence limits (+2 standard deviations) of +1 mm, and can 
measure the volume of human LV latex casts with 95% con- 
fidence limits of +15 ml, which is less than 5% of most LV 
volumes in these patients. 


Results 


Table I is a summary of clinical characteristics and 
hemodynamic values in the 8 patients during control 
conditions and after hydralazine administration. Pa- 
tients 1 to 8 are arranged in order of decreasing peak LV 
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600000 FIGURE 1. A and B, pres- 


sure-volume (left) and 
stress-volume (right) loops 
in patients before (dots) and 
after (x) hydralazine infusion. 
Stars mark aortic valve 
opening and diamonds mark 
aortic valve closure. Patient 
2's value is plotted on a 
larger volume axis than the 
others. In patients 1 (A) to 5 
(B on opposite page), who 
have higher pretreatment 
wall stress and greater ven- 
tricular dilation, hydralazine 
caused prominent diastolic 
effects not seen in patients 
with lower pretreatment wall 
stress and less ventricular 
dilation (nos. 6 to 8, opposite 
page). In the latter patients, 
end-systolic volume de- 
creased whether or not 
end-systolic pressure and 


stress decreased. 
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he 8 patients as a group, stroke volume index and from high systemic vascular resistance or LV. 

ction fraction increased significantly after hydrala- Changes during hydralazine therapy also 

> and systemic vascular resistance and wall stress between patients with normal and those with hi; 

creased. There were no changes in LV pressure, ar- stress. LV and arterial diastolic and systolic pre 
ial pressure, end-diastolic volume index or peak LV stress and systemic vascular resistance all d 

i dP/c | | | u l1 more in patients with high peak stress. The int 

Do f Ln stroke volume was numerically greater in pa je 
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high peak stress, but this difference was not significan 
Delco in these 8 patients. — 5 m 
me index and systemic vascular resistance were sig- —— Pressure-volume and stress-volume points are 
nificantly higher in the 5 patients with high peak LV in Figure 1. Patient 2, whose heart was the most. 
.. wall stress, while ejection fraction was lower. Systolic is plotted on a larger volume axis than the oth 
arterial and LV pressures, stroke volume and peak shown in Table I, patients 1 to 5 had higher peak wa 
dP/dt were no different between patients with high and stress and more LV dilation than patients 6 to 8. E 
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.. dralazine lowered LV pressure and/or diastolic volume 


—. in patients 1 to 5, but did not in patients 6 to 8. Peak 


" 
T x 


volume after hydralazine “carries through" to systole 
as shown by leftward displacement of the right and top 
portions of loops 2, 3 and 5. Because wall stress is di- 


' systolic pressure decreased substantially in patients 1, 


... 2 and 4 in whom hydralazine also decreased LVEDP. 
— In patients 2, 3 and 5, LV diastolic volume decreased. 
.. In these patients, decreased diastolic volume persisted 
__ through early systole, contributing to decreased systolic 
-volume (note displacement of right sides of loops to 


t. 
- 
- 


-. lower volume). Thus, both decreased LV pressure and 
. volume decreased wall stress in patients 1 to 5. In con- 
_ trast, hydralazine did not change systolic pressure or 
diastolic pressure-volume relations in patients 6 to 8, 

— $0 that end-systolic wall stress did not decrease. 


is 


Discussion 


_ During hydralazine therapy for idiopathic dilated 
_ cardiomyopathy, increased stroke volume resulted from 
- decreased end-systolic volume, accompanied by de- 
. creased LV wall stress and decreased systemic resis- 
- tance. Arterial and LV pressure were not significantly 
. decreased. Our patients could be classified into 2 groups 
- on the basis of normal or high LV stress. Patients with 
. high LV stress had hemodynamically more severe heart 
- failure with higher diastolic arterial pressure and 
_ LVEDP, higher LV volume, higher systemic resistance 
. and lower stroke volume and ejection fraction than 
. patients with normal LV stress. The severity of heart 
_ failure was not a function of patient age or of duration 
. of symptoms. 
Our findings support the conclusions of other inves- 
_ tigators who have tried to predict the response to va- 
_ sodilators in heart failure by hemodynamic stratifica- 
. tion. Patients with higher systemic resistance or higher 
. LVEDP respond better to vasodilators.! Hydralazine 
. increases stroke volume more in patients with larger LV 
. dimensions.? Although stroke volume did not increase 
. more in our patients who had higher systemic resistance, 
larger LV cavities, higher LVEDP and high LV wall 
- Stress than in patients with normal wall stress, the trend 
_ toward higher stroke volume in the high stress group 
might have been significant with more patients.'? Hy- 
_ dralazine decreased wall stress, LV pressure and sys- 
_ temic resistance more in patients with high LV wall 
- stress than in those with normal LV stress. 
_ Although previous workers have speculated that re- 
. Sponsiveness to hydralazine is a function of pretreat- 
. ment LV wall stress,” none have studied changes in wall 
Stress, pressure-volume relations and stress-volume 
relations during vasodilator therapy. Our findings 
support the hypothesis that patients with high pre- 
treatment LV stress respond better to vasodilators.2 
Additionally, changes in pressure- and stress-volume 
relations in our study explain the association between 
high wall stress and better response to hydralazine.2 
Vasodilator “unloading” in congestive heart failure 
probably acts by reducing systolic wall stress against 
which the failing left ventricle ejects.?-? In patients with 
high LV wall stress (loops 1 to 5), hydralazine reduces 
pressures (arterial pressure, LV systolic pressure and 
.LVEDP) (loops 1, 2 and 4) or reduces end-diastolic 
volume (loops 2, 3 and 5). Reduced LV end-diastolic 


al Sts 


(21e 3 


rectly proportional to LV pressure and volume (through 
changes in LV radius and wall thickness), either de- 
creased LV systolic pressure or volume decreases end- 
systolic LV stress.!418 Hydralazine did not decrease LV 
systolic pressure and LV diastolic volume in patients 
with normal pretreatment LV stress (loops 6 to 8). T'hus, 
hydralazine decreases end-systolic wall stress in patients 
with high pretreatment LV stress, unloading the left 
ventricle bv effects on both ventricular pressure and 
volume. 

Our data are not entirely consistent with the hy- 
pothesis that hydralazine increases LV stroke volume 
by reducing LV stress. End-systolic stress did not al- 
ways decrease despite decreased end-systolic volume 
(loops 6 and 8). Hydalazine may also increase LV stroke 
volume by a direct inotropic effect. Hydralazine in- 
creases LV contractility in nonfailing ventricles.” In 
patients 6 and 8, hydralazine shifted late systolic pres- 
sure-volume relations (upper left corners of loops) 
toward higher pressure or wall stress despite lower 
volume, consistent with increased LV contractility.45.19 
Another index of cardiac performance, peak positive LV 
dP/dt, reflects changes in LV contractility in the ab- 
sence of changes in LVEDP.?°-?3 Although shifts in 
systolic pressure-volume relations in our patients sug- 
gested increased LV contractility, changes in peak LV 
dP/dt did not. This discrepancy may indicate relative 
insensitivity of LV dP/dt to changes in contractility. 
Alternatively, changes in late systolic pressure-volume 
relations may be dependent on systemic resistance, a 
concept that is both supported and refuted by experi- 
mental data.?^-?6 Although inotropy may play a role in 
determining responsiveness to hydralazine in congestive 
heart failure, this role is probably relatively unimportant. 

We conclude that hydralazine improves LV function 
in patients with cardiomyopathy by reducing elevated 
LV wall stress through reduced LV pressure and vol- 
ume. Hydralazine has little inotropic effect in these 
patients. Further studies may establish the efficacy of 
hemodynamic stratification in selecting candidates for 
vasodilator therapy. 


Acknowledgment: We acknowledge Donald L. Kaiser for 
statistical analysis and Elizabeth Howk, Jenene Reaves and 
Theresa Jenkins for secretarial assistance. 


References 


—_ 


. Franciosa JA, Cohn JN. Hemodynamic responsiveness to short- and 
long-acting vasodilators in left ventricular failure. Am J Med 1978;65: 
126-133. 

2. Packer M, Meller J, Medina N. Importance of left ventricular chamber size 

in determining the response to hydralazine in severe chronic heart failure. 
N Engl J Med 1980;303:250-255. 

. Braunwald E, Ross J Jr, Sonnenblick EH. Mechanisms of Contraction of 

the Normal and Failing Heart. 2nd ed. Boston: Little, Brown, 1976:309. 

š pegi e so function and myocardial contractility: a perspective. JACC 

1 ;1:52-62. 

. Weber KT, Janicki JS. The heart as a muscle-pump system and the concept 

of heart failure. Am Heart J 1979;98:37 1-384. 

. Cohn JN. Blood pressure and cardiac performance. Am J Med 1973;55: 

351-361. | 

. Khatri I, Uemura N, Notargiacomo A, Freis ED. Direct and reflex cardio- 

stimulating effects of hydralazine. Am J Cardiol 1977;40:38-42. 

Ludbrook PA, Byrne JD, McKnight RC. Influence of right ventricular he- 

modynamics on left ventricular diastolic pressure-volume relations in man. 


on Oo ovo n» Qo 





* 


EROTIC Oe eee S 
" rt E de V à f rit TAS ae i par re E. y E i. 


9. 
10. 


11. 


12. 
13. 
14. 


15. 
16. 


17. 





ee ih Mine ORR 


Circulation 1979;59:21-31. 
Alderman EL, Glantz SA. Acute hemodynamic interventions shift the dia- 
stolic pressure-volume curve in man. Circulation 1976;54:662-67 1. 
Lipscomb K. Cardiac dimensional analysis by use of biplane cineradiog- 

: description and validation of method. Cathet Cardiovasc Diagn 
1980;6:45 1-464. 

HT, Sandler H, Baxley WA, Hawley RR. Usefulness and limitations 

of radiographic methods for determining left ventricular volume. Am J 
Cardiol 1966; 18:10-24. 
Rackley CE, Dodge HT, Coble YD, Hay RE. A method for determining left 
ventricular mass in man. Circulation 1964;29:666-67 1. 
Hugenholtz PG, Kaplan E, Hull E. Determination of left ventricular wall 
thickness by angiocardiography. Am Heart J 1969;78:513—522. 
Mirsky |. Review of various theories for the evaluation of left ventricular 
wall stress. In: Mirsky |, Ghista DN, Sandler H, eds. Cardiac Mechanics: 
Physiological, Clinical and Mathematical Considerations. New York: John 
Wiley and Sons, 1974:381. 
Hood WP, Rackley CE, Rolett EL. Wall stress in the normal and hypertro- 
phied human left ventricle. Am J Cardiol 1968;22:550-558. 
McLaurin LP. Resistance to blood flow by vascular beds. In: Grossman W, 
ed. jt Catheterization and Angiography. Philadelphia: Lea & Febiger, 
1974;83-87. 
Peterson KL, Skloven D, Ludbrook P, Uther JB, Ross J Jr. Comparison 
of isovolumic and ejection phase indices of myocardial performance in man. 
Circulation 1974;49:1088- 1101. 





18. 
19. 


20. 
21. 


22. 


23. 


24. 
25. 


26. 


Twv 

























) | - E v M m" a js 

7 Se ste ¢) UE * : 
Sandler H, Dodge HT. Left ventricular tension and stress in man. CircRes — — 
1963; 13:91-104. E 
Sagawa K, Suga H, Shoukas AA, Bakalar KM. End-systolic pressure/ — 
ee Lond a new index of ventricular contractility. Am J Cardiol 1977; — — 
Rankin LS, Moos S, Grossman W. Alterations in preload and ejection phase 
indices of left ventricular performance. Circulation 1975;51:910-915. — 
Mahler F, Ross J Jr, O'Rourke RA, Covell JW. Effects of changes in preload, — 
afterload and inotropic state on ejection and isovolumic phase measures 
of contractility in the conscious dog. Am J Cardiol 1975;35:626-634. - ; 
Quinones MA, Gaasch WH, Alexander JK. Influence of acute changes i 
preload, afterload, contractile state and heart rate on ejection and isovoli 
indices of myocardial contractility in man. Circulation 1976;53:293-302. — 
Mason DT, Braunwald E, Covell JW, Sonnenblick EH, Ross J Jr. Assess- — 
ment of cardiac contractility: the relationship between the rate of pressure — 
rise and ventricular pressure during isovolumic systole. Circulation — 
197 1;44:47-58. ee 
Sodums MT, Badke FT, Starling MR, Little WC, O'Rourke RA. Evaluation — 
of left ventricular contractile performance utilizing end-systolic re- X 
volume relationships in conscious dogs. Circ Res 1984;54:731-739. — ^. 
Sunagawa K, Maughan WL, Burkhoff D, Sagawa K. Left ventricular in- 
teraction with arterial load studied in isolated canine ventricle. Am J Physiol  - 
1983;45:H773-H780. dde 


cor PEL 
" Wel 
Te e 


t 
Eu ee 
Xn 






e 
yi 
[] 


H 
x 

* i 
y^ ! 


i y 


Maughan WL, Sunagawa K. Factors affecting the end-systolic pressure- E 
volume relationship. Fed Proc 1984;43:2408-2410. EU 

B. S. ^ 

E 








L 


.— Advances in Hemostasis and Thrombosis, edited by A. 


-. Cajozzo, R. Perricone, P. Di Marco, and P. Palazzolo, New 


"York: Plenum Press, 1985, 334 pages, $55.00. 


4 


JA. Advances in Myocardiology, Volume 5, edited by Peter Harris 
. and Philip A. Poole-Wilson. New York: Plenum Press, 1985, 
_ 968 pages, $55.00. 


_ Advances in Myocardiology, Volume 6, edited by N.S. Dhalla 
.. and D.J. Hearse. New York: Plenum Press, 1985, 669 pages, 


n 


t, 


_ &-Adrenoceptor Blockers in Cardiovascular Disease, edited 


$79.50. 


-.by Helge Refsum and Ole D. Mijos. New York: Churchill 
— Livingstone, 1985, 328 pages, $42.00. 


. Atheroma and Thrombosis, edited by V.V. Kakkar. London: 


. Pitman, 1985, 302 pages. 


Bronchial Carcinoma: An Integrated Approach to Diagnosis 
and Management, edited by Michael Bates. New York: 
Springer-Verlag, 1984, 295 pages, $52.00. 


. Cardiopathies Valvulaires Acquises, edited by Jean Acar. 


Paris: Flammarion Medecine-Sciences, 1985, 665 pages. 

. Circulatory Shock: Basic and Clinical Implications, edited by 

Herbert F. Janssen and Charles D. Barnes. New York: 
Academic Press, 1985, 242 pages. 


- Clinical Pharmacology of Antianginal Drugs, edited by U. 


_ Abshagen. New York: Springer-Verlag, 1985, 552 pages, 


^ 


. $162.00. 


Diagnosis and Therapy of Coronary Artery Disease, edited by 


Peter F. Cohn. Boston: Martinus Nijhoff, 1985, 517 pages. 


Doppler Echocardiography, edited by Navin C. Nanda. New 
- York: Igaku-Shoin, 1985, 522 pages, $55.00. 


_ Frontiers in Longevity Research: Applications of Nutritional 


and Other Discoveries in the Prevention of the Age-Related 


- Disorders, edited by Robert J. Moran. Illinois: Charles C 
. Thomas, 1985, 278 pages, $29.75. 


Fundamentals of Clinical Trials, edited by Lawrence M. 


w 


Friedman, Curt D. Furberg, and David L. DeMets. 


. Massachusetts: PSG Publishing, 1985, 302 pages, $27.50. 


. Helping Cardiac Patients: Behavioral and Psychotherapeutic 
_ Approaches, edited by Andrew M. Razin. San Francisco: 
. Jossey-Bass Publishing, 1985, 208 pages, $21.95. 


Pi as eS a PEAT ENED MIO 
24 . air" aes 1f & 


Human Sexuality: Psychosexual Effects of Disease, edited by 
Martin Farber. New York: Macmillan, 1985, 335 pages. 


Methods in Pharmacology. Methods Used in Adenosine 
Research, Volume 6, edited by David M. Paton. New York: 
Plenum Press, 1985, 384 pages, $55.00. 


Mononitrates, edited by J.N. Cohn and R. Rittinghausen. New 
York: Springer-Verlag, 1985, 320 pages, $34.50. 


Pathogenesis of Stress-Induced Heart Disease, edited by 
Robert E. Beamish, Vincenzo Panagia, and Naranjan S. Dhalla. 
Boston: Martinus Nijhoff, 1985, 428 pages, $55.00. 


Physical Activity in Disease Prevention and Treatment, 
edited by R. Masironi and H. Denolin. Stoneham, 
Massachusetts: Butterworth Publishers, 1985, 206 pages, 
$49.95. 


Practice Enhancement: The Physician's Guide to Success in 
Private Practice, edited by Greg N. Korneluk. New York: 
Macmillan, 1985, 284 pages. 


Principles of Medical Therapy in Pregnancy, edited by 
Norbert Gleicher, Uri Elkayam, Robert M. Galbraith, Stanley A. 
Gall, Jacques F. Roux, Bruce A. Work, and Ralph Wynn. New 
York: Plenum Press, 1985, 1,290 pages, $125.00. 


Pulmonary Circulation in Chronic Lung Diseases, edited by J. 
Widimsky, J. Hergetr, and J. Miczoch. New York: Karger, 1985, 
190 pages, $58.75. 


Recent Views on Hypertrophic Cardiomyopathy, edited by E. 
van der Wall and K.I. Lie. Boston: Martinus Nijhoff, 1985, 149 
pages, $35.00. 


Regression of Atherosclerotic Lesions: Experimental Studies 
and Observations in Humans, edited by M. Rene Malinow and 
Victor H. Blaton. New York: Plenum Press, 1984, 355 pages, 
$52.50. 


Stimulation and Imaging of the Cardiac System, edited by 
Samuel Sideman and Rafael Beyar. Boston: Martinus Nijhoff, 
1985, 433 pages, $75.00 


Stress and Heart Disease, edited by Robert E. Beamish, 
Pawan K. Singal, and Naranjan S. Dhalla. Boston: Martinus 
Nijhoff, 1985, 447 pages, $55.00. 























e^ HULHE , 
E , 


OVERLOAD 


. Reduce fluid volume and 
improve hemodynamics in CHF 
Edema due to congestive heart failure often 
demands highly effective diuresis to reduce the 
fluid load on the failing heart. Bumex* (bumet- 
anide/Roche) is the next generation in loop 
diuretic therapy for three powerful reasons. It 
moves out an unsurpassed volume of fluid and 
sodium, resulting in significant reductions in 
edema and right atrial and pulmonary artery 
wedge pressures. *? It's almost completely 
absorbed through the GI tract, so it's easy to 
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titrate.? And Bumex completes high-volume 
diuresis fast—within four hours at usual 
doses. +’ Your patients spend less time in 
diuresis, more time in normal activities. 


Bumex has a good safety profile; however, 
as with all loop diuretics, Bumex, if given in 
excessive amounts, can lead to profound 
diuresis with water and electrolyte depletion, 
including hypokalemia. Serum electrolytes 
should be monitored periodically, especially in 
patients on low salt diets or those treated for 
prolonged periods or on high doses. 


E Bumex: 


bumetanide/Roche 


0.5-mg and 1-mg scored tablets/2-ml ampuls, 
2-mil, 4-ml and 10-ml vials (0.25 mg/ml} 


The next generation 
in loop diuretic therapy 
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Ten patients with CHF showed marked hemodynamic improvement after seven days of 








jt BUMEX* (bumetanide/Roche) (mean values + SE). Adapted from Olesen, ef a/.' 
Po References: 1. Olesen KH, ef al. Postgrad Med J 5I (Suppl 6):54-63, 1975. 2. Handler B, 
or Dhingra RC, Rosen KM: J.Clin Pharmacol 21:706-711, Nov-Dec 1981. 3. Brater DC, 
v et al: Clin Pharmacol Ther 34:207-213, Aug 1983. 4. Brater DC, Fox WR, Chennavasin P: 
WAS J Clin Pharmacol 21:599-603, Nov-Dec 1981. 5. Davies DL, ef al: Clin Pharmacol Ther 
Fee 15:141-155, Feb 1974. 
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^ ieri Patients should be observed regularly for possible occurrence of blood dyscrasias, liver damage 
.. bumetanide/Roche or idiosyncratic reactions. 
... 0.5-mg and 1-mg scored tablets Especially in presence of impaired renal function, use of parenterally administered Bumex should 
.. 2-mi ampuls, 2-mi, 4-mi ond be avoided in patients to whom aminoglycoside antibiotics are also being given, except in life- 
"^ | Y0-mi vials (0.25 mg/ml) threatening conditions. 
wes Drugs with nephrotoxic potential and bumetanide should not be administered simultaneously. 
.. BUMEX* (bumetanide/Roche) Since lithium reduces renal clearance and adds a high risk of lithium toxicity, it should not be given 
. Before prescribing, please consult complete product information, a summary of which follows: with diuretics. 








Probenecid should not be administered concurrently with Bumex. 

Concurrent therapy with indomethacin not recommended. 

Bumex may potentiate the effects of antihypertensive drugs, necessitating reduction in dosage. 
Interaction studies in humans have shown no effect on digoxin blood levels. 

Interaction studies in humans have shown Bumex to have no effect on warfarin metabolism or on 







__| WARNING: Bumex (bumetanide/Roche) is a potent diuretic which, if given in excessive 
| amounts, con lead to a profound diuresis with water and electrolyte depletion. Therefore, 

. | careful medical supervision is required, and dose and dosage schedule have to be adjusted 

. | fo the individual patient's needs. (See under DOSAGE AND ADMINISTRATION in complete 

product information.) 













Maal Ld plasma prothrombin activity 

«i s Pregnancy: Bumex should be given to a pregnant woman only if the potential benefit justifies the 
.. INDICATIONS AND USAGE: Edema associated with congestive heart failure, hepatic and renal potential risk to the fetus. —— 

. disease, including the nephrotic syndrome. Bumetanide may be excreted in breast milk. 

_ Almost equal diuretic response occurs after oral and parenteral administration of Bumex. Prone dpe dpi alg ral wee hiami ee Mio ordi uda nd 

. M impaired gastrointestinal absorption is suspected or oral administration is not practical, Bumex fete: TOMS, SEEZITISSS, YPO , , 

10 i bo given by the intramuscular or intravenous route. encephalopathy (in patients with preexisting liver disease). - | "m 

-. Successful treatment with Bumex following instances of allergic reactions to furosemide suggests Less frequent clinical adverse reactions are weakness, impaired hearing, rash, pruritus, hives, 
A alack of cross-sensitivity electrocardiogram changes, abdominal pain, arthritic pain, musculoskeletal pain and vomiting. 
-. CONTRAINDICATIONS: Anuria. Hypersensitivity and in patients in hepatic coma or in states of Other cig ien apt T cron ncs des nb Ube ae hee ees 
- Severe electrolyte depletion. Although Bumex can be used to induce diuresis in renal insufficiency ia: exis en sende es satis is Bud T ty mainaa dn erecicn ng. nipp 
.. any morked increase in blood urea nitrogen or creatinine, or the development of oliguria during Laboratory obe : mud ore h ricemia, azotemia, h ng Neemia increased serum 
therapy of patients with progressive renal disease, is an indication for discontinuation of treatment se ry asd ye d dede Daal: AS tO Seirus 
^ : Dose should be adjusted to patient's needs. Excessive doses or too frequent admin. creatinine, hypochloremia, hypokalemia, hyponatremia, and variations in CO, content, bicar- 








‘can lead to profound water loss, electrolyte depletion, dehydration, reduction in blood bonate. phosphorus and calcium. Although manifestations of the pharmacologic action of 


folume and circulatory collapse with the possibility of vascular thrombosis and embolism, Bumex. these conditions may become more pronounced by intensive therap 












M Diuresis induced by Bumex may also rarely be accompanied by changes in Lu. total 
particularly in elderly patients. M J ; y: 
Pre e ntion of hypokalemia requires particular attention in patients receiving digitalis and diuretics ise ra kord ai lis, SGOT, SGPT, alkalne pros ei gai ia 
- [or congestive heart failure, hepatic cirrhosis and ascites, states of aldosterone excess with normal and differential counts. Increases in urinary glucose and urinary protein have also been 
Ten aan, potassium-losing nephropathy, certain diarrheal States, or other states where seen 
. hypoka ia is thought to represent particular added risks to the patients. DOSAGE AND ADMINISTRATION: 
_ In patients with hepatic cirrhosis and ascites, sudden alterations of electrolyte balance may Impe ort EN à; ; uei 
= precipitate h hepatic encephalopathy and coma. Treatment in such patients is best initiated in the eh tmp erg usual total daily dosage is 0.5 to 2.0 mg and in most patients is 
[d Sp small doses and careful monitoring of the patient's clinical status and electrolyte J s Seah cate " i ; 
belono» Supplemental potasslurn and/or spironolactone may prevent hyokoemoondmektoie ype Administ. Administer patients Vor M) wih GI absorption problem o 
«nets, dogs and guinea pigs, Bumex has been shown to produce ototoxicity. Since Bumex is riw ca Pp cmm or third dose may be given at 2 to 3 hour intervals up toa 
about 40 to 60 times as potent as furosemide, it is anticipated that blood levels necessary to 4 ; . 
| OY will rarely be achieved. The potential for ototoxicity increases with intravenous ^ reine marae moai JA ed skes d NOD reed on tablets: 0. hq 
fapy, especially at high doses. t ; ; , de uw 
. Patients allergic to sulfonamides may show hypersensitivity to Bumex anne See nasi ao ah eg l. 
re AUTIONS: Measure serum potassium periodically and add potassium supplements or Vite 2 mi, 4 ml and 10 mi 0.25 mg/ml boxes of ten 
potassium-sparing diuretics, if necessary. Periodic determinations of other electrolytes are 1 s VE : 
oe in patients treated with high doses or for prolonged periods, particularly in those on low 
. Salt diets. 
. Hyperuricemio may occur. Reversible elevations of the BUN and creatinine may occur, especially 
. With dehydration and in patients with renal insufficiency. Bumex may increase urinary calcium ROCHE LABORATORIES 
be oo ' Division of Hoffmann-La Roche Inc. 
ES ity of effect on glucose metabolism exists. Periodic determinations of blood sugar should Nutley, New Jersey 07110 
_ be done, particularly in patients with diabetes or suspected latent diabetes. | ® 
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Portability for 
emergency 


Simple 1-2-3 
operation 


Storage 
compartment for 
leads and gel 
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The most technically advanced, 
COST EFFECTIVE defibrillator ever! 


FOUR devices in ONE lightweight, 
portable package. 


ECG Monitor 
e Large 5”, easy to read screen with 
freeze mode 
e Digital heart rate (on screen) 20-250 bpm 
e Adjustable heart rate alarms with auto 
write-out 


e ORS beeper with volume control 


e Dual opto-isolated preamplifiers for 
patient safety 


ECG Recorder 

* Diagnostic 12 lead capability 

e Diagnostic bandwidth .05-100 HZ 

* Real time or delayed recording 

* Annotated recording prints date, time, 
lead, gain, heart rate, delay, energy 
selected, and transthoracic resistance 


Defibrillator 
e 5-360 joules and synchronizer capability 


e External, internal, and pediatric paddles 

e Microprocessor based design with 
sealed membrane keyboard 

e Liquid crystal display keeps operator 
informed of all selections and instrument 
status 

e Versatile, multiple battery and A.C. 
operation 


Defibrillator Tester 


e Digital display of actual delivered 
energy in joules 

* Automatic self-diagnosis of all switches, 
memory and program on startup 


The Liteguard 9 also features 
TTR (Iransthoracic Resistance 
Measurement) 


Patient's transthoracic resistance is 
measured to ensure good paddle contact 
and to assist the operator in energy 
selection as a means of possibly reducing 
myocardial damage caused by 
defibrillation. 


The Liteguard 9 is the newest member of 
Survival's growing family of the world's 
smallest and most cost effective 
defibrillators. 


For more information or a demonstration, contact: 


Survival Technology Inc. 


8101 Glenbrook Road, Bethesda, MD 20814 
800-638-8093 (in MD 301-656-5600) 


Liteguard is manufactured by TemTech Ltd. 


E as Seu Sas: ae REY 


THE ROLE OF CALCIUM 
CHANNEL BLOCKERS 
IN THE MANAGEMENT 
OF HYPERTENSION 


Sunday, November 10, 1985 
Cotillion Ballroom South 
Sheraton Washington Hotel 
2660 Woodley Road NW 
Washington, DC 

9:00 AM-12:00 PM: Symposium 
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Sponsored by 
The Alton Ochsner Medical Foundation 





* For reservations, please call toll free: 1-800-443-0100, ext. 477 
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A buffet breakfast will be held prior to the Symposium at 8:00 AM in the Cotillion Ballroom North, and a luncheor 
reception will follow the Symposium at 12:15 PM in the Cotillion Ballroom North. 


Moderator 

Aram V. Chobanian, MD 

Symposium Chairman and Moderator 
Professor of Medicine 

Director Cardiovascular Institute 


i Boston University School of Medicine 


Boston, MA 


Pharmacology of Calcium Channel Blockers 


— Edward D. Frohlich, MD 
Vice-President, Education and Research 
Alton Ochsner Medical Foundation 


Section of Hypertensive Diseases 


Ochsner Clinic 
New Orleans, LA 


1 " . The Role of Calcium Channel Blockers as 


Monotherapy in the Management of Hypertension 


-Lawrence D. Horwitz, MD 

— . Professor of Medicine 

» University of Colorado School of Medicine 

— Chairman, Cardiology Division 

— University of Colorado Health Sciences Center 
- . Denver CO 


The Role of Calcium Channel Blockers as 
Combination Therapy in the Management of 
Hypertension 


Randall M. Zusman, MD 

Director, Hypertension Division, Cardiac Unit 
Massachusetts General Hospital 

Harvard Medical School 

Boston, MA 


The Role of Calcium Channel Blockers in the 
Management of Hypertension in the Elderly 


Drori Ben-Ishay, MD 

Professor of Medicine 

Hadassah University 

Head, Hypertension Unit 

Hadassah University Hospital, Mount Scopus 
Jerusalem, Israel 


The Role of Calcium Channel Blockers in Chronic 
Hypertension Following Successful Management of 
Hypertensive Emergency 

Lionel H. Opie, MD, PhD 

Professor of Cardiac Medicine and 

Head, Heart Research Unit 

University of Cape Town Medical School 

Director, Hypertension Clinic 

Groote Schuur Hospital 

Cape Town, South Africa 
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As an organization accredited for Continuing Medical Education, The Alton Ochsner Medical Foundation certifies that this Continuing 
Medical Education Program meets the criteria for three (3) credit hours in Category | of the Physician's Recognition Award of the 
American Medical Association. 


This Symposium is supported by an educational grant provided by Pfizer Laboratories. € 1985, Pfizer Inc. 





GIVE ONE OF 
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YOUR HEART FAILURE PATIENT 
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3 Relieves symptoms. 
Significantly greater improvement in 
dyspnea, fatigue, orthopnea, and edema 
with CAPOTEN than with digitalis and 
diuretics alone.'' 

3 Increases ability to exercise. 
A 24.3% increase after 12 weeks of 
CAPOTEN versus 0.4% with digitalis 
and diuretics alone." 


ACE ‘INHIBITOR 


(APOTE 


captopril tablets) 


8 out of 10 Patients Rated Themselves 
"Improved" with CAPOTEN' 
Percentage of Patients Who Felt "Improved" 


CAPOTEN' 80.596 
(N = 46) 


Placebo’ 30.096 


:3 Use CAPOTEN when symptoms 
persist despite digitalis and diuretic 
therapy 


*IN HEART 
FAILURE: 


YOUR FIRST CHOICE 
AFTER DIGITALIS AND DIURETICS 


‘Angiotensin Converting Enzyme 

"Ninety-two patients, refractory to but continuing on digitalis and 
diuretics, were given CAPOTEN or placebo for 12 weeks. Patients 
were primarily New York Heart Association Class II and Class Ill 
Dosages of CAPOTEN ranged from an initial 25 mg tid to a 
maximum maintenance dosage of 100 mg tid. 

Given with digitalis and diuretics. 

}CAPOTEN is indicated in patients with heart failure who have not 
responded adequately to or cannot be controlled by conventional 
diuretic and digitalis therapy. CAPOTEN is to be used with 
diuretics and digitalis. In using GAPOTEN, consideration should be 
giverrto the risk of neutropenia/agranulocytosis. Use special 
precautions in patients with impaired renal function, collagen 
'vascular.disordérs, or those exposed to other drugs (ég, — + 
procainamide) known to affect the white cells or immune 
response. Evaluation of heart failure patients should always 
include assessment of renal function. See INDICATIONS, 
WARNINGS, and ADVERSE REACTIONS in the brief summary 
»onthe adjacent page. p T 
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Captopril 1aDiets i 


INDICATIONS: Hypertension — CAPOTEN (captopril) is indicated for the treat- 
ment of hypertension. Consideration should be given to the risk of neutropenia/ 
agranulocytosis (see WARNINGS). CAPOTEN may be used as initial therapy for 
patients with normal renal function, in whom the risk is relatively low. In patients 
with impaired renal function, particularly those with collagen vascular disease, 
captopril should be reserved for those who have either developed unacceptable side 
effects on other drugs, or have failed to respond satisfactorily to drug combinations. 
CAPOTEN is effective alone and in combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure who 
have not responded adequately to or cannot be controlled by conventional diuretic 
and digitalis therapy. CAPOTEN is to be used with diuretics and digitalis. 


WARNINGS: Neutropenia/Agranulocytosis — Neutropenia (< 1000/mm?) with 
myeloid hypoplasia has resulted from use of captopril. About half of the neutropenic 
patients developed systemic or oral cavity infections or other features of the syndrome 
of agranulocytosis. The risk of neutropenia is dependent on the clinical status of 
the patient: 


In clinical trials in patients with hypertension who have normal renal function 
(serum creatinine < 1.6 mg/dL and no collagen disease), neutropenia has been seen 
in one patient out of over 8,600 exposed. In patients with some degree of renal 
failure (serum creatinine at least 1.6 mg/dL) but no collagen vascular disease, the 
risk in clinical trials was about 1 per 500. Doses were relatively high in these 
patients, particularly in view of their diminished renal function. In patients with 
collagen vascular diseases (e.g., systemic lupus erythematosus, scleroderma) and 
impaired renal function, neutropenia occurred in 3.796 of patients in clinical trials. 
While none of the over 750 patients in formal clinical trials of heart failure 
developed neutropenia, it has occurred during subsequent clinical experience. Of 
reported cases, about half had serum creatinine = 1.6 mg/dL and more than 75% 
received procainamide. In heart failure, it appears that the same risk factors for 
neutropenia are present. 


Neutropenia has appeared within 3 mont 
myeloid hypoplasia and frequently acco 
creased numbers of megakaryocytes (e.g., h 
anemia and thrombocytopenia were someti 
to normal in about 2 weeks after captopril 
were limited to clinically complex patient 
have ended fatally, but almost all fatalities 
collagen vascular disease, renal failure, hea 
or a combination of these complicating factors. 












Evaluation of the hypertensive or hea 
include assessment of renal function. If 
impaired renal function, white blood cell and di 
prior to starting treatment and at approximately 
then periodically. In patients with collagen vas 
other drugs known to affect the white cells or i 
there is impaired renal function, captopril shoul 
benefit and risk, and then with caution. All patients treated with captopril should be 
told to report any signs of infection (e.g., sore throat, fever); if infection is suspected, 
perform counts without del ince discontinuatio aptopri as 
generally led to i 
neutropenia (ne 
the patient’s co 


Proteinuria — 
on captopril. Ab 
received high do 


within 6 months whether or not captopril was continued. The BUN and creatinine 
were seldom altered in proteinuric patients. Since most cases of proteinuria occurred 
by the 8th month of therapy, patients with prior renal disease or those receiving 
captopril at doses >150 mg/day should have urinary protein estimates (dip-stick on 
Ist morning urine) before therapy, and periodically thereafter. 


Hypotension — Excessive hypotension was rarely seen in hypertensive patients but 
is a possibility in severely salt/volume-depleted persons such as those treated vigorously 
with diuretics (see PRECAUTIONS [Drug Interactions]). 

In heart failure, where blood pressure was either normal or low, transient decreases 
in mean blood pressure >20% were recorded in about half of the patients. This transient 
hypotension may occur after any of the first several doses and is usually well tolerated, 
although rarely it has been associated with arrhythmia or conduction defects. A 
starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of 
captopril and/or diuretic is increased. 


BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN 
THESE PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY 
CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: /mpaired Renal Function, Hypertension — Some 
hypertensive patients with renal disease, particularly those with severe renal artery 
stenosis, have developed increases in BUN and serum creatinine. It may be necessary 
to reduce captopril dosage and/or discontinue diuretic. For some of these patients, 
normalization of blood pressure and maintenance of adequate renal perfusion may 
not be possible. Heart Failure — About 20% of patients develop stable elevations of 
BUN and serum creatinine >20% above normal or baseline upon long-term treat- 
ment. Less than 5% of patients, generally with severe preexisting renal disease, 
required discontinuation due to progressively increasing creatinine. See DOSAGE 
AND ADMINISTRATION, ADVERSE REACTIONS [Altered Laboratory Find- 
ings]. Valvular Stenosis — A theoretical concern, for risk of decreased coronary perfu- 
sion, has been noted regarding vasodilator treatment in patients with aortic stenosis 
due to decreased afterload reduction. 


Surger y/ Anesthesia — 1f hypotension occurs during major surgery or anesthesia, and is 
considered due to the effects of captopril, it is correctable by volume expansion. 





































uon ot blood pressure may occasionally occur within the Ist hour after administrati 
of the initial captopril dose in patients on diuretics, especially those recently placed 
diuretics, and those on severe dietary salt restriction or dialysis. This possibility c 
be minimized by either discontinuing the diuretic or increasing the salt intake abi 
l week prior to initiation of captopril therapy or by initiating therapy with sm 
doses (6.25 or 12.5 mg). Alternatively, provide medical supervision for at least 1 hi 
after the initial dose. 


Agents Having Vasodilator Activity — In heart failure patients, vasodilators sho: 
be administered with caution. 


Agents Causing Renin Release — Captopril's effect will be augmented by antihyperten: 
agents that cause renin release. 


Agents Affecting Sympathetic Activity — The sympathetic nervous system may 
especially important in supporting blood pressure in patients receiving capto] 
alone or with diuretics. Beta-adrenergic blocking drugs add some further antihyperten: 
effect to captopril, but the overall response is less than additive. Therefore, use age 
affecting sympathetic activity (e.g., ganglionic blocking agents or adrenergic neut 
blocking agents) with caution. 


Agents Increasing Serum Potassium — Give potassium-sparing diuretics or potassi! 
supplements only for documented hypokalemia, and then with caution, since tl 
may lead to a significant increase of serum potassium. Use potassium-containing s 
substitutes with caution. 


Inhibitors of Endogenous Prostaglandin Synthesis — Indomethacin and other nonsteroi 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, es] 
cially in low renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive uri 
test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year stud 
with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence 
carcinogenic potential. Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C — There are no adequate and well-controlled studies 
pregnant women. Embryocidal effects were observed in rabbits. Therefore, captor 
should be used during pregnancy only if the potential benefit outweighs the potent 
risk to the fetus. Captopril crosses human placenta. 
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ADVERSE REACTIONS: Reported incidences are based on clinical trials invo 


v ed proteinuria (see WARNINGS). Renal 
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ulocytosis have occurred (see WARNINGS). Ai 
topenia have been reported. 


culopapular, rarely urticarial), often with prurit 
and sometimes with fever and eosinophilia, in about 4 to 7 of 100 patients (dependi 
on renal status and dose), usually during the Ist 4 weeks of therapy. Pruritus, withc 
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aptopril thera 
ia, chest pain, and palpitations each in about 1 of 100 patients. Angi 
pectoris, myocardial infarction, Raynaud’s syndrome, and congestive heart failu 
each in 2 to 3 of 1000 patients. 


Dysgeusia — About 2 to 4 (depending on renal status and dose) of 100 patie: 
developed a diminution or loss of taste perception; taste impairment is reversible a 
usually self-limited even with continued drug use (2 to 3 months). Gastric irritatic 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulce 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspn 
cough, alopecia, and paresthesias reported in about 0.5 to 2% of patients but did r 
appear at increased frequency compared to placebo or other treatments used 
controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patiei 
although no causal relationship has been established. Rarely cholestatic jaundice a 
hepatocellular injury with or without secondary cholestasis, have been reported. 
transient elevation of BUN and serum creatinine may occur, especially in volum 
depleted or renovascular hypertensive patients. In instances of rapid reduction 
longstanding or severely elevated blood pressure, the glomerular filtration rate m 
decrease transiently, also resulting in transient rises in serum creatinine and BU! 
Small increases in serum potassium concentration frequently occur, especially 
patients with renal impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansi: 
with an I.V. infusion of normal saline is the treatment of choice for restoration 
blood pressure. Captopril may be removed from the general circulation by hemodialys 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be tak: 
one hour before meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosa 
must be individualized; see DOSAGE AND ADMINISTRATION section of pac 
age insert for detailed information regarding dosage in hypertension and in hea 
failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, dosa 
adjustments are recommended for patients with impaired renal function. 


Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in bottles of 1 
(25 mg also available in bottles of 1000), and in UNIMATIC " single dose packs of 1 
tablets. 

(J3-658C) 


Reference: 1. Cannon PJ, Criley JM, Dzau VJ, et al: A placebo- controlled trial of captopril in 
refractory chronic congestive heart failure. ] Am Col Cardiol 2:755-763, 1983. 
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Left Ventricular Apical Masses: thrombi for comparative analysis (Table I). The final diag- 
) E : as nosis was reached in 10 of 11 patients by pathologic evalua- 
Noninvasive Differentiation of Rare tion of biopsies or of the masses removed at surgery and ne- 
cropsy. In a young, asymptomatic Nigerian black man 
from Common Ones (patient 6), the diagnosis was based on the presence of 
symmetrically inverted T waves 20 mm deep in the left pre- 
ANDRE KEREN, MD cordial leads and a “spade-like” narrowing of the apical 

TOSHIHIKO TAKAMOTO, MD cavity on 2-D echocardiography, with localized hypertrophy | 
DONALD C. HARRISON, MD of the apex.? The 2-D echocardiograms were recorded in the 
RICHARD L. POPP, MD standard fashion using ultrasound imaging systems (Hew- 


lett- Packard 77020AC or Toshiba SSH-10A) with a 2.25- or 
3.5-MHz medium or short focused transducer. The criteria 
used to define left ventricular thrombus and apical hyper- 
trophy were those stated in previous reports.'-* Apical tumor 


Previous investigators!-? have described 2-dimensional 
echocardiographic (2-D echo) features of uncommon 


cardiac Mapaes, The value of 2-D echo criteria in dis- was suspected when the mass did not fulfill the criteria for 

tinguishing these masses from thr ombi has not been either thrombus or hypertrophy and showed inhomogeneous 

analyzed systematically. We designed this study to as- ultrasonic appearance, demarcation from but extension into 

sess the usefulness and limitations of clinical and 2-D the myocardium, gross or bizarre distortion of the cardiac 

echo criteria in differentiating among distinct types of anatomy and presence of pericardial effusion.!5 The 2-D 

LV apical masses. echocardiograms were also evaluated for the presence or 
absence of 12 specific visual characteristics. 

A search of our data bank for patients in whom good One investigator assessed the recorded history, physical 
quality 2-D echocardiograms showing obvious masses in- examination, standard 12-lead electrocardiogram (ECG) and 
volving the LV apical area yielded 3 patients with apical chest x-ray (Table I) plus the information that an LV apical 
hypertrophic cardiomyopathy and 4 patients with apical mass was present to render a diagnosis. Another investigator 
tumor. We included a similar number of patients with apical assessed the 2-D echocardiograms alone to render a diag- 


nosis, and then he was given the clinical data and again 
| Ta or a RR NR eee NIC TOU asked to identify the nature of the apical mass. Neither in- 
From the Cardiology Division, Stanford University School of Medicine, vestigator knew the pathologic findings or the proportion of 
Stanford, California. This work was supported in part by an Israeli Heiden patients with any diagnosis within this study group. Each 
Fellowship ed and by Fogarty Fellowship FOS TWO 9416-0 1-B1, from investigator might choose the single correct diagnosis (+3 
the National Institutes of Health, Bethesda, Maryland. Dr. Keren's points), list an alternative diagnosis after (+2 points) or 


present address is the Heiden Department of Cardiology, Bikur Cholim , 
Hospital, Jerusalem, Israel. Dr. Takamoto is supported by a Research before (+1 point) the correct one, be unable to choose among 


Fellowship funded by the Ministry of Education of Japan. Manuscript the 3 diagnoses (0 points), list only a single but incorrect 
received July 12, 1984; revised manuscript received April 8, 1985, diagnosis (—1 point) or list only the 2 incorrect diagnoses (—2 
accepted April 9, 1985. points). Thus a perfect diagnosis of all 11 patients would yield 


TABLE! Clinical and Pathology Findings in 11 Patients with Left Ventricular Apical Mass 








Age (yr) Positive Findings Coronary 
Pt & Sex History (Examination, ECG, X-Ray) Disease * Morphology 
1 69M MI, dyspnea, syncope CHF, MR, VT, LBBB, cardiomegalyt LAD, right, LC Thrombus 
2 72M MI, CVA, chest pain Old MI, VPCs LAD, right Thrombus 
3 62M HBP, MI, LV aneurysm, CHF, MR, old MI, VT, cardiomegaly LAD, right LC Thrombus 
chest pain, dyspnea, 
syncope 
4 56M HBP, MI, LV aneurysm, CHF, MR, LVH, old MI, calcified LAD, LC Thrombus 
dyspnea aneurysm, cardiomegaly 
5 73F HPB, dyspnea, syncope CHF, MR, AF, St-T changes, LVH LC Apical hypertrophy 
cardiomegaly 
6 24M Car accident Extreme ST-T changes, LVH — —i 
7 60F Bilateral mastectomy, CHF, AF, VT, ST-T changes 0 Apical hypertrophy 
CVA, chest pain, dyspnea cardiomegaly 
8 46F Retroperitoneal mass, CHF, MR, ST-T changes, lung — Adenocarcinoma 
CVA, dyspnea metastases, cardiomegaly 
9 32F Chest pain ST-T changes, LVH, VT, cardiomegaly, 0 Fibroma X 
apical calcifications 
10 75F MI, chest pain, dyspnea CHF, MR, old MI, cardiomegaly, MAC LAS Fibroma 
11 16F Mandibular cyst, dyspnea LBBB, VT, cardiomegaly 0 Fibroma 


* Presence of 270% coronary obstruction. 
t Cardiothoracic ratio >50%. 
t Diagnosis of apical hypertrophy based on clinical and 2-D echo criteria (see text). 
AF = atrial fibrillation; CHF = congestive heart failure; CVA = cerebrovascular accident; LC = circumflex coronary artery; HBP = high blood 
pressure; LAD = left anterior descending coronary artery; LBBB = left bundle branch block; LVH = left ventricular hypertrophy; MAC = mitral anulus 
calcification; MI = myocardial infarction; MR = mitral regurgitation; VPCs = ventricular premature complexes; VT = ventricular tachycardia; 
— = no information available; 0 = absent or negative. 


697 


|. 0930 
t ` S 


a score of 33; the accuracy and certainty of diagnosis were 
expressed by a percentage score index (score/33 X 100). 
The differential diagnostic accuracy of the methods used 
is expressed in Table II. The clinical evaluation was useful 
in defining patients with thrombus and with metastatic 
cardiac tumor. Because 88 to 99% of cardiac metastases 
found at necropsy have been associated with primary or 
secondary intrathoracic malignancy, the x-ray findings of 
pulmonary masses in patient 8 (Table I) directed the diag- 
. nosis to cardiac tumor. Clinical assessment showed 2 major 
limitations: symptoms and physical examination were 
noncontributory; and there were no pathognomonic features 
to aid in recognition of primary cardiac tumors or apical 
hypertrophy. In 2 of our 3 patients with apical hypertrophy, 
_ the ECG showed only nonspecific ST-T changes.? A similar 
ECG pattern, however, was found in most of our patients 
with tumor. The 2-D echocardiogram improved recognition 
of apical hypertrophy. Nevertheless, all methods were im- 
perfect in differentiating the apical tumors from thrombi. 
There was lack of specificity of visual 2-D echo criteria; 6 
of the 12 visual characteristics analyzed were scattered 
. among the 3 categories of masses. These criteria were fea- 
- tures related to the mass: strictly apical, symmetric, smooth 
- free edges and presence of calcified areas; and absence of 
apical diameter narrowing and pericardial effusion. Table 
III includes the other 6 characteristics that were present in 
all patients in at least 1 category of mass, although not 
confined to 1 category necessarily. Wall motion patterns 
adjacent to and remote from the mass were found to differ 


TABLE || Diagnostic Accuracy* of Methods Used in 
Differentiating Left Ventricular Apical Masses 
Apical 
Thrombus Hypertrophy Tumor Total 
(n = 4) (n = 3) (n = 4) (n= 11) 
Method 
Clinical 100% 44% 50% 70% 
2-D echo 100% 88% 50% 78% 
2-D echo + clinical 100% 88 96 7596 88 96 


* The diagnostic accuracy is represented for each method studied 
as achieved score/maximal perfect score X 100 (see text). 
2-D echo = 2-dimensional echocardiography. 
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in the 3 categories. Patients with thrombus had both local 
akinesia/diskinesia and abnormal wall motion in areas re- 
mote from the mass. All 4 patients with tumor had normal 
wall motion remote from the apex and 3 of these had severe 
apical asynergy. All patients with apical hypertrophy had 
mild apical hypokinesia and normal remote wall motion. 
Patients with apical hypertrophy had all 6 characteristics 
listed in Table III in common (i.e., the feature was either 
present or absent in all). Moreover, active contractility of the 
mass was a finding specific for these patients, probably 
representing the major differential diagnostic criterion 
compared with other categories of apical masses. Our results 
confirmed the presence of previously described criteria in all 
patients with thrombi, but revealed their lack of specificity 
owing to frequent occurrence in patients with tumors. The 
finding of an apical mass that is visible throughout the car- 
diac cycle, has clear demarcation from the myocardium ad- 
jacent to an area of severe myocardial asynergy,'^* and is 
without active contractility of the mass during systole was 
present in all of our patients with thrombi, but also was seen 
in 3 patients with apical tumor (Fig. 1). 


These results support the combined use of clinical 
and 2-D echo data for optimal diagnosis of left ven- 
tricular apical masses but additionally suggest the need 





TABLE Il! Two-Dimensional Echocardiographic Visual 
Criteria 
Apical 
Thrombus Hypertrophy Tumor 
Abnormal adjacent T (A/D) +(H) +(H/A/D) 
wall motion 
Abnormal remote + 0 0 
wall motion 
Mass: demarcated + 0 VP 
from myocardium 
Mass: active contractility 0 + 0 
Mass texture 
Different from the VP 0 VP 
myocardium 
Nonuniform VP 0 VP 


A = akinesia; D = dyskinesia; H = hypokinesia; 0 = absent or 
negative; VP = characteristic variable but present in most patients in 
a group; + = present in all patients. 


FIGURE 1. Two-dimensional echocar- 
diograms recorded in the apical 4- 
chamber view in patients with thrombus 
(A) and tumor (B). The masses (M) show 
very similar visual texture character- 
istics and both are demarcated from the 
akinetic myocardium. The wall motion 
remote from the mass was abnormal in 
A and normal in B. LA = left atrium; LV 
= left ventricle; RA = right atrium; RV 
— right ventricle. 


UU 77700771 October 1, 1985 THE”AMERICAN JOURNAL OF CAHDIOLOGY voruumeoo oyy ~- 


CA dg s i 


for improved 2-D echo or other tissue characterization 


. methods to provide more direct information and better 
segregation of tumors from thrombi. Our few patients 
with apical hypertrophic cardiomyopathy had several 
group characteristic 2-D echo features that may help 
differentiate this entity from apical thrombi. 
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Pericardial Defect Mimicking a 
Left Atrial Mass 


BARRY S. TALESNICK, MD 
FREDERICK J. SUTTON, MD 
YU-CHEN LEE, MD 
JOSEPH S. McLAUGHLIN, MD 


Left atrial (LA) tumor and thrombus are the most 
common causes of abnormal intraatrial echoes. Extra- 
cavitary echoes mimicking intracardiac masses have not 
. been reported. We report a patient with a pericardial 
defect in whom post-traumatic pericardial adhesions 
were responsible for the echocardiographic appearance 
of an LA mass. 


A 23-year-old man was referred for 3-artery systolic 
myocardial bridging. The patient had a 1-year history of 
retrosternal chest pain after an automobile accident. Ex- 
amination and chest x-ray were normal. The electrocardio- 
gram displayed a sinus rhythm, a PR interval of 0.24 second 
and right-axis deviation (160°). Two-dimensional echocar- 
diography (long-axis and subxiphoid views) suggested a large 
mass fixed to the posterior LA wall behind the posterior 
mitral valve leaflet (Fig. 1 and 2). The patient underwent 
incision of the myocardial bridging and LA exploration. No 
intracavitary mass was visualized or palpated. However, a 
large, round posterior pericardial defect was seen with the 
pericardial rim adherent to and compressing the LA wall. 
Adhesions were lysed between the left atrium and parietal 
pericardium. A coronary artery bypass graft to the distal 
circumflex and incision of the left anterior descending 
myocardial bridge was performed. 


Echocardiography had enhanced the clinical ability 
to recognize intracardiac masses and may have greater 
sensitivity than any other diagnostic technique.! Al- 
though false-positive and false-negative studies are 
occasionally encountered using M-mode echocardiog- 
raphy,” 2-dimensional techniques tend to clarify 
confusing studies. In this case we postulate that post- 
traumatic inflammatory changes in the pericardium 
contribute to fibrosis and adhesions between the edge 
of the pericardial defect and left atrium. An extrinsic 
compressive effect on the posterior left atrium by the 


From the Division of Cardiology, University of Maryland Hospital, 22 
South Greene Street, Baltimore, Maryland 21201. Manuscript received 
February 7, 1985; revised manuscript received March 11, 1985, ac- 
cepted March 20, 1985. 
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fibrotic tissue led to the echocardiographic appearance 
of a nonmobile LA mass behind the posterior mitral 
leaflet. The appearance of the pericardial defect sug- _ 
gested a congenital origin. We believe that this is the — 
first reported case of a pericardial defect presenting as - 
an LA mass. 





FIGURE 1. Two-dimensional echocardiogram—parasternal long- 
axis view. AML = anterior mitral leaflet; AO = aortic root; IVS = 
interventricular septum; LA = left atrium; LV = left ventricle; 
RV = right ventricle; } = left atrial echoes suggestive of a mass 
lesion. 





FIGURE 2. Schematic representation of Figure 1. Abbreviations as in 
Figure 1. 
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Mitral Valve Prolapse, Wolff-Parkinson- 
White Syndrome, His Bundle Sclerosis 
l and Sudden Death 


XAVIER ANDRE-FOUET, MD 
AHMIADZIAH TABIB, MD 
PHILIPPE JEAN-LOUIS, MD 
DIDIER ANNE, MD 
M PAUL DUTERTRE, MD 
x CHRISTIAN GAYET, MD 
s ALAIN HUYGUE de MAHENGE, MD 
7 ROBERT LOIRE, MD 
i MAURICE PONT, MD 


. Case reports of association of mitral valve prolapse 

| (MVP) and  Wolff-Parkinson-White syndrome 

— (WPW),! of MVP and atrioventricular (AV) block? and 
: of WPW and AV block? are rare. Reports of sud- 
den death in patients with WPW^ or MVP5-3 are also 
uncommon. 


"TEMA i DIERUM. 


A 19-year-old man who had previously complained of 
~ palpitations was admitted to the emergency room for cardiac 
. arrest. Protracted attempts at resuscitation were unsuc- 

_ cessful. An electrocardiogram was not recorded. The only 
CU existing electrocardiogram, taken 4 years earlier, showed 
- WPW syndrome type A (Rosenbaum classification) was 
- observed (Fig. 1). Witnesses stated that the patient com- 

. plained of violent chest pain after being pushed into a 
' Swimming pool and then lost consciousness. Postmortem 





; FIGURE 2. Mitral valve seen from the left atrium has a marked redun- 
.. dancy and ballooning of the posterior leaflet. 
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V 2 v3 V4 V5 V6 
FIGURE 1. Electrocardiogram recorded 4 years before death showing 
Wolff-Parkinson-White syndrome type A (Rosenbaum classification). 
Sinus rhythm is 65 beats/min. P-delta = 100 ms; delta wave duration 


= 50 ms; delta wave positive in V;, Vo, Do, D3 and aVF; negative in 
aVL. 


examination of brain, lungs, liver, spleen, adrenal glands, 
kidneys and digestive tract was normal. Heart examination 
showed a floppy mitral valve (Fig. 2) and fibrosclerosis of the 
His bundle. 


To our knowledge the association of MVP, WPW 
syndrome, and His bundle sclerosis has not been de- 
scribed. Is this pathologic association fortuitous or does 
it indicate a common embryologic origin? No direct 
relation between MVP and WPW, nor between WPW 
and AV block has been established. The association 
between a MVP and involvement of the conduction 
system, recently reported by Bharati et al,’ suggests 
relation between these 2 abnormalities. 


Acknowledgment: We thank R. Crane, PhD, and J. 
Pearson, MD, for their help with translation, and R.M. 
Jeresaty, MD, Professor of Medicine, University of Con- 
necticut School of Medicine, Hartford, for his critical review 
of the manuscript. 
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Avoid any change 


in the classic Lasix 
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furosemide 


You've titrated to a precise therapeutic response. 
Now, unless your patient’s condition changes, the 
regimen shouldn't. Because if it does, the sensi- 
tive diuretic/digitalis/electrolyte balance could 
be upset. And the consequences could be serious. 
So, once a patient has been stabilized on 
Lasix" tablets, it's only logical to specify Lasix” by 
brand name and prevent generic substitution. 
That’s the only way you can be sure 
your patient will always receive the 
same brand of furosemide tablets... 
exactly the same formula- 
tion and manvfacturing 
process, with the same P 
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with every single refill. In A 
fact, 9 out of 10 cardiolo- 
gists do specify Lasix” by 
brand name, and 2 out 
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-digitalis regimen 


of 3 take the extra step to prevent substitution: 

Lasix’ is the most thoroughly documented 
drug in its class, with quality so consistent that 
almost 8 billion tablets have been manufactured 
without a single product recall. 


Reference: 1. National survey of 2960 physicians, including 1502 
cardiologists and other physicians subspecializing in cardiology, 
conducted by Hoechst-Roussel Pharmaceuticals Incorporated, 
Somerville, New Jersey. August 1982. 
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the compound. 
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reduction in blood volume, with circulatory collapse and with the 
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Sive renal disease. Observe patients regularly for possible blood 


~ dyscrasias, liver damage, or other idiosyncratic reactions. Patients 
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eral adrenergic blocking drugs. Exacerbation or activation ot 

Syslemic lupus erythematosus may occur Furosemide appears 
in breast milk. If use of the drug is essential, the patient should 


- stop nursing. Cases of tinnitus and reversible hearing impairment 
-have been reported 


There have olso been some reports of cases in which irreversible 
hearing impairment occurred. Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
Severe impairment of renal function at doses exceeding several 
limes the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. (For 
adults, on infusion rate not exceeding 4 mg furosemide per min- 
ute has been used ) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple 
tion may occur, especially in patients receiving higher doses and 
a restricted salt intake. Patients receiving turosemide should be 


. Observed for clinical signs of fluid or electrolyte imbalance, 


namely, hyponatremia, hypochloremic alkalosis, and hypokale 


Mid. Serum and urine electrolyte determinations are particularly 
-important when the patient is vomiting excessively or receiving 


parenteral fluids. Medication such as digitalis may also influ 
ence serum electrolytes Hypokalemia may develop with furo 
semide as with any other potent diuretic, especially with brisk 
diuresis, when cirrhosis is present, or during concomitant use of 
corlicosteroids or ACTH. Interference with adequate oral electro 
lyte intake will also contribute to hypokalemia. Digitalis may 
exaggerate metabolic effects of hypokalemia, especially with ret 


-erence to myocardial activity Asymptomatic hyperuricemia can 


occur and gout may rarely be precipitated. Increases in blood 
glucose and alterations in glucose tolerance tests with abnor- 
malities of the fasting and two-hour postprandial sugar have 


- been observed, and rare cases of precipitation of diabetes melli 


lus have been reported. Furosemide may lower serum calcium 


- levels, and rare cases of tetany have been reported. Periodic 


serum calcium levels should be obtained. Reversible elevations 
of BUN may be seen. These have been observed in association 
with dehydration, which should be avoided, particularly in 

patients with renal insufficiency. Patients receiving high doses of 


- Salicylotes in conjunction with furosemide may experience salic 


ylate toxicity at lower doses because of competitive renal excre- 
tory sites. Furosemide has a tendency to antagonize the effects 


-— 0f tubocurarine and may potentiate the action of succinylcholine 


Lithium generally should not be given with diuretics because 
they reduce its renal clearance and add a high risk of lithium 
toxicity. Diuretics such as furosemide may enhance the nephro- 


- toxicity of cephaloridine. Therefore, furosemide and cephalori- 


dine should not be administered simultaneously. Furosemide 


- may decrease arterial responsiveness to norepinephrine. This 


diminution is not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use. It has been reported in the 


-literature thot coadministration of indomethacin may reduce the 


natriuretic and antihypertensive effects of Lasix (furosemide) in 
some patients. This effect has been attributed to inhibition of 
prostaglandin synthesis by indomethacin. indomethacin may 


_ also affect plasma renin levels and aldosterone excretion: this 


should be borne in mind when a renin profile is evaluated in 


- hyperlensive patients. Patients receiving both indomethacin and 


Lasix (furosemide) should be observed closely to determine if 
the desired diuretic and/or antihypertensive effect of Lasix (furo- 
semide) is achieved 


- PREGNANCY: Pregnancy Category C. Furosemide has been 


shown to cause unexplained maternal deaths and abortions in 
rabbits at 2, 4 and 8 times the human dose. There are no 
adequate and well-controlled studies in pregnant women. Furo 


- Semide should be used during pregnancy only if the potential 


benefit justifies the potential risk to the fetus 

ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 


- hearing loss, anemia, leukopenia, agranulocytosis (rare), throm 


docylopenia, aplastic anemia (rare), purpura, photosensitivity 
fash, urticaria, necrotizing angiitis (vasculitis, cutaneous vas 
culitis), exfoliative dermatitis, erythema multiforme, pruritus 
Orthostatic hypotension may occur and may be exaggerated 
by alcohol, barbiturates, or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, urinary bladder spasm, 
thrombophlebitis. Q-66388-185 
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TOPICS IN 
HYPERTENSION 


Edited by JOHN H. LARAGH, MD 


644 pages. 36 chapters by 85 internationally known specialists. 
Illustrated. Comprehensively indexed. $49.00. Available on 
30-day approval. 


High blood pressure is no longer only a problem of worldwide 
interest and relevance. It is now one in which the knowledge 
base has exploded to the point where the informed physician 
can do more and more about it in his daily practice. ..and can 
apply, to an ever-increasing extent, more sophisticated and in- 
dividually tailored therapies. 

Laragh's TOPICS IN HYPERTENSION places this kind of 
vital knowledge within instant reach of the physician. It 


presents a carefully selected array of discussions by 85 emi- 
nent specialists. It deals in depth with recent breakthroughs in 


understanding, diagnosing, and treating this problem. 
The book is conveniently organized for effective consultation 
and reading. 


Check the helpful contents... 


SECTION 1 SECTION 4 

Some Biochemical and Modes of Therapy 
Pathophysiologic Aspects PART I Beta Blockade 

SECTION 2 PART II Saralasin 

Newer Physiologic Approaches to PART III Converting Enzyme Blockade: 
Diagnosis Basic and Clinical Aspects 

SECTION 3 


Clinical and Prognostic Aspects 


- 
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Yorke Medical Books 


Box C-757, Brooklyn, New York 11205 


Send me, on approval, | copies of Laragh’s Topics in Hypertension at $59.00. I will consult 
and read this new manual for 30 days, then remit only if I consider it a necessary addition to my 
library. Otherwise I will return it without further obligation. 

O Send bill, plus shipping cost (U.S. & Canada only). 

C Payment herewith. Publisher pays shipping. Same return privilege. 
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C Charge my [O MasterCard [O Visa 
Acct. No. Exp. date 
Name 
Address 
City de onu LL n a AD 


Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, 
TX. All foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit 
card. Please add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 
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Drug Treatment 
of Heart Failure 


edited by Jay N. Cohn, MD 





0-914316-41-9, approx. 250pp., Oct. '83, $35.00 





This volume is aimed at providing clinicians with the physiologic and pharmacologic background necessary to ef- 
fectively and efficiently create and administer drug therapy regimens for their patients who suffer heart failure. All efforts 
were made to ensure that the timeliness of each chapter, prepared by internationally respected clinicians and medical 
scientists, would not be compromised by delays in publication. Consequently, this book presents the very latest think- 
ing on the utilization of drug therapy for heart failure and contains many references as recent as 1982 and 1983. This 
book is highly recommended to all physicians presently treating patients with heart failure. 


TABLE OF CONTENTS AND CONTRIBUTORS 





Foreword by Jay N. Cohn, MD Chapter vi 
Chapter | oean ahaa A in the Manageme; nt of Heart Failure 
The Treatment ot Heart Failure in Perspective: An Overview i f 
by Jay N. Cohn, MD Chapter VII | 
Chapter Il Mec iy hoi c ee in the Management of Heart Failure 
Pathophysiology of Heart Failure: Deficiency in Cardiac Contraction ; 
by John E. Strobeck, MD, and Edmund H. Sonnenblick, MD Chapter VIII 
Vasodilator Therapy of Heart Failure 
Chapter Ill 
The Role of the Renin—Angiotensin—Aldosterone System in the by Kanu Chatterjee, MB, PROD 
Pathophysiology of Chronic Heart Failure Chapter IX 
by Robert J. Cody, MD, and John H. Laragh, MD Captopril in Heart Failure 
Chapter IV by William W. Parmley, MD 
Pathophysiology of Congestive Heart Failure: The Role of Chapter X 
The Kidney A Comprehensive Approach to the Treatment of Heart Failure 
by Norman K. Hollenburg, MD by Jay N. Cohn, MD 
Chapter V 


Congestive Heart Failure: Diagnosis and Principles of Treatment 
by Elliot Rapaport, MD 





ALL BOOKS SENT ON SEND ORDERS TO: Aus | 
30 DAY APPROVAL Yorke Medical Books | 
Please send me Drug Treatment of Heart Failure on 30 day approval. Box C-757 Brooklyn, NY 11205 
Q Enclosed is my check for $35.00 plus $1.50 for handling. 1 
(]Please charge my LJ Visa [MasterCard (same return privilege). Name. i 
remains o oe JExp Dale Address. 
Signature. MIC Interbank s City/State/Zip. 
O Please bill me plus postage and handling. | 
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Like other antiarrhythmics, tocainide has not been second- or third-degree atrioventricular block in the 
shown to prevent sudden death, and also, like other absence of an artificial ventricular pacemaker. 
antiarrhythmics, it has potentially serious adverse 

effects including the ability to worsen arrhythmias. Agranulocytosis, bone marrow depression, leuko- 
Clinical and electrocardiographic evaluation should penia, hypoplastic anemia, and thrombocytopenia 
be used to periodically assess the need for therapy. have been reported in patients receiving TONOCARD; 


fatalities have occurred. Blood counts are recom- 
TONOCARD® (Tocainide HCl, MSD) is contraindicated mended within the first two to three weeks of therapy 
in patients who are hypersensitive to this product orto and periodically thereafter. See Prescribing Informa- 
local anesthetics of the amide type and in patients with tion for details. 


For a Brief Summary of Prescribing Information, please see last page of this advertisement. 
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TONOCARD® (Tocainide HC! | MSD) 

Like other antiarrhythmics, tocainide has 
not been shown to prevent sudden death in 
patients with serious ventricular ectopic 
activity, and also, like other antiarrhythmics, 
it has potentially serious adverse effects, 
including the ability to worsen arrhythmias. 
It is therefore essential that each patient 
given tocainide be evaluated electrocardio- 
graphically and clinically prior to, and during, 
tocainide therapy to determine whether the 
response to tocainide supports continued 
treatment. 

CONTRAINDICATIONS 

Patients who are hypersensitive to 
this product or to local anesthetics of 
the amide type. 

Patients with second or third degree atrio- 
ventricular block in the absence of an arti- 
ficial ventricular pacemaker. 


WARNINGS 

Blood Dyscrasias: Agranulocytosis, bone 
marrow depression, leukopenia, hypoplastic 
anemia and thrombocytopenia have been 
reported in patients receiving TONOCARD. 
Many of these events occurred in patients 
who were seriously ill and who were receiving 
concomitant drugs; fatalities have occurred. 
Since most of these events have been noted 
during the first 12 weeks of therapy, it is 
recommended that blood counts, including 


differential and platelet counts, be performed 


at least once within the first two to three 
weeks of therapy; and periodically thereafter, 
particularly within the first three months of 
therapy. Blood counts should be performed 
promptly if the patient develops any signs of 
infection (such as fever, chills, sore throat, or 
stomatitis), bruising, or bleeding. If any of 
these hematologic disorders is identified, 
TONOCARD should be discontinued and 
appropriate treatment should be instituted if 
necessary Blood counts usually return to 
normal within one month of discontinuation. 
Caution should be used in patients with pre- 
existing marrow failure or cytopenia of any 
type. (See ADVERSE REACTIONS). 

Acceleration of Ventricular Rate: Accelera- 
tion of ventricular rate occurs infrequently 
when antiarrhythmics are administered to 
patients with atrial flutter or fibrillation (see 
ADVERSE REACTIONS). 

PRECAUTIONS 

General 


Pulmonary Fibrosis: Pulmonary fibrosis, 
interstitial pneumonitis, fibrosing alveolitis, 
pulmonary edema, and pneumonia, possibly 
drug related, have been reported in patients 
receiving TONOCARD. Many of these events 
occurred in patients who were seriously ill. 
The experiences are usually characterized by 
bilateral infiltrates on x-ray and are frequently 
associated with dyspnea and cough. Fever 
may or may not be present. Patients should 
be instructed to promptly report the develop- 
ment of any pulmonary symptoms such as 
exertional dyspnea, cough or wheezing. Chest 
x-rays are advisable at that time. If these 
pulmonary disorders develop, TONOCARD 
should be discontinued. (See ADVERSE 
REACTIONS). 

In patients with known heart failure or 
minimal cardiac reserve, TONOCARD should 
be used with caution because of the potential 
for aggravating the degree of heart failure. 

Caution should be used in the institution or 
continuation of antiarrhythmic therapy in the 
presence of signs of increasing depression 
of cardiac conductivity. 

In patients with severe liver or kidney dis- 
ease, the rate of drug elimination may be 
significantly decreased (see DOSAGE AND 
ADMINISTRATION). 

Since antiarrhythmic drugs may be ineffec- 
tive in patients with hypokalemia, the pos- 
sibility of a potassium deficit should be 
explored and, if present, the deficit should 
be corrected. 

Like all other oral antiarrhythmics, 
TONOCARD has been reported to increase 
arrhythmias in some patients (see ADVERSE 
REACTIONS). 

Information for Patients 

Patients should be instructed to promptly 
report the development of bruising or bleed- 
ing; any signs of infections such as fever, 
chills, sore throat, or soreness and ulcers in 


the mouth; or any pulmonary symptoms, such 


as exertional dyspnea, cough. gir cte 
Laboratory Tests — A 


“As with other antiarrhythmics, abnormal - 


TONOCARD: (Tocainide HC! | MSD) 
liver function tests, particularly in the early 
stages of therapy, have been reported. 
Periodic monitoring of liver function should 
be considered. Hepatitis and jaundice have 
been reported in some patients. 

Drug Interactions 

Specific interaction studies with digoxin 
and metoprolol have been conducted, no clini- 
cally significant interaction was seen with 
digoxin, but tocainide and metaprolol had 
additive effects on wedge pressure and car- 
diac index. TONOCARD has also been used 
in open studies with digitalis, beta-blocking 
agents, other antiarrhythmic agents, anti- 
coagulants, and diuretics, without evidence of 
clinically significant interactions. Neverthe- 
less, caution should be exercised in the use 
of multiple drug therapy. 

TONOCARD is equally effective in digi- 
talized and non-digitalized patients. In 17 
patients with refractory ventricular arrhyth- 
mias on concomitant therapy, serum digoxin 
levels (1.1 «0.4 ng/mL) remained in the 
expected normal range (0.5-2.5 ng/mL) during 
tocainide administration. 

Pregnancy 

Pregnancy Category C. In a teratogenicity 
study in rabbits, tocainide was administered 
orally at doses of 25, 50, and 100 mg/kg/day 
(about 1 to 4 times the usual human dose). 
No evidence of a drug-related teratogenic 
effect was noted; however, these doses were 
maternotoxic and produced a dose-related 
increase in abortions and stillbirths. In a 
teratogenicity study in rats, an oral dose of 
300 mg/kg/day (about 12 times the usual 
human dose) showed no evidence of treat- 
ment-related fetal malformations, but mater- 
notoxicity and an increase in fetal resorptions 
were noted. An oral dose of 30 mg/kg/day 
(about twice the usual human dose) did not 
produce any adverse effects. 

In reproduction studies in rats at materno- 
toxic oral doses of 200 and 300 mg/kg/day 
(about 8 and 12 times the usual human dose, 
respectively), dystocia, and delayed parturi- 
tion occurred which was accompanied by an 
increase in stillbirths and decreased survival 
in offspring during the first week postpartum. 
Growth and viability of surviving offspring 
were not affected for the remainder of the 
lactation period. 

There are no adequate and well-controlled 
studies in pregnant women. TONOCARD 
should be used during pregnancy only if the 
potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers 

It is not known whether tocainide is secreted 
in human milk. Because many drugs are 
secreted in human milk and because of the 
potential for serious adverse reactions in 
nursing infants from TONOCARD, a decision 
should be made whether to discontinue nurs- 
ing or to discontinue the drug. taking into 
account the importance of the drug to the 
mother. 

Pediatric Use 

Safety and effectiveness in children have 

not been established. 


ADVERSE REACTIONS 

TONOCARD commonly produces minor, 
transient, nervous system and gastrointestinal 
adverse reactions, but is otherwise generally 
well tolerated. TONOCARD has been evalu- 
ated in both short-term (n = 1,358) and long- 
term (n— 262) controlled studies as wel! as 
a compassionate use program. Dosages were 
lower in most of the controlled studies (1200 
mg/day) and higher in the compassionate use 
program (1800 mg and more). In long-term 
(2-6 months) controlled studies, the most fre- 
quent adverse reactions were lightheaded- 
ness/dizziness (15.3 percent), nausea (14.5 
percent), paresthesia/numbness (9.2 percent). 
and tremor (8.4 percent). These reactions were 
generally mild, transient, dose-related and 
reversible with a reduction in dosage. by 
taking the drug with food, or by therapy dis- 
continuation. Tremor, when present, may be 
useful as a clinical indicator that the maxi- 
mum dose is being approached. Adverse reac- 
tions leading to therapy discontinuation 
occurred in 21 percent of patients in long- 
term controlled trials and were usually related 
to the nervous system or gastrointestinal 
system. - 

Adverse reactions occurring in greater than 


“one percent of patients from the short-term 


TONOCARD® (Tocainide HC! | MSD) 
and long-term controlled studies appear in 
the following table: 

Percent of Patients 
Controlled Studies 
Short-term Long-term 
(n=1,358) (n=262) 


NERVOUS SYSTEM 


Lightheadedness/ 

dizziness/vertigo/ 

giddiness 8.0 15.3 
Parasthesia/ 

numbness 3.5 9.2 
Tremor/quivering/ 

tremulousness 29 8.4 
Confusion; 

disorientation/ 

hallucinations 2.1 2.7 
Altered mood; 

awareness 1.5 3.4 
Restlessness/ 

shakiness/ 

nervousness 1.5 0.4 
Blurred vision/visual 

disturbances 1.3 1.5 
Discoordination/ 

unsteaciness/ 

walking 

disturbances 1.2 0.0 
Anxiety 1.1 1.5 
Tinnitus/hearing loss 0.4 1.5 
Ataxia 0.2 3.0 
Nystagmus 0.0 1.1 
GASTROINTESTINAL SYSTEM 
Nausea 15.2 14.5 
Vomiting 8.3 46 
Anorexia 1.2 1.9 
Diarrhea/loose stools 0.0 3.8 
CARDIOVASCULAR SYSTEM 
Hypotension 3.4 2.7 
Bradycardia 1.8 0.4 
Palpitations 1.8 04 
Chest Pain 1.6 0.4 
Conduction 

disturbances 1.5 0.0 
Left ventricular 

failure 1.4 00 
OTHER 
Sweating/cold sweat/ 

night sweats/ 
clammy 5.1 2.3 

Headache 2.1 46 
Tiredness/drowsiness/ 

fatigue/lethargy ' 

lassitude 

sleepiness 1.6 0.8 
Hot/cold feelings 0.5 1.5 
Rash/skin lesion 04 84 


An additional group of about 2,000 patients 
has been treated in a program allowing for 
the use of TONOCARD under compassionate 
use circumstances. These patients were seri- 
ously ill with the large majority on multiple 
drug therapy, and comparatively high doses 
of TONOCARD were used. Fifty-four percent 
of the patients continued in the program for 
one year or longer, and 12 percent were 
treated for longer than three years, with the 
longest duration of therapy being nine years. 
Adverse reactions leading to therapy discon- 
tinuatton occurred in 12 percent of patients 
(usually central nervous system effects or 
rash) A tabulation of adverse reactions 
occurring in one percent or more of patients 
follows: 


Percent of 
Patients 
Compassionate 
Use 
(n= 1.927) 
NERVOUS SYSTEM 
Lightneadedness/dizziness/ 
vertigo/giddiness 25.3 
Tremor/quivering/ 
tremulousness 21.6 
Restiessness/shakiness/ 
nervousness 11.5 
Contusion/disorientation/ 
hallucinations 11.2 
Altered mood/awareness 11.0 
Ataxia 10.8 
Blurred vision/visual 
disturbances 10.0 
Paresthesia/numbness - 9.2 
Nystagmus 1.1 
GASTROINTESTINAL SYSTEM. "x 
Nausea MCN 246 
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TONOCARD® (Tocainide HC! | MSD) 


Percent of 
Patients 
Compassionatt 
Use 
(n= 1.927) 

Anorexia 11.3 
Vomiting 9.0 
Diarrhea/loose stools 68 
CARDIOVASCULAR SYSTEM 
Increased ventricular 

arrhythmias/PVCs 10.9 
CHF/progression of CHF 40 
Tachycardia 3.2 
Hypotension 18 
Conduction disturbances 13 
Bradycardia 1.0 
OTHER 
Rash/skin lesion 12.2 
Sweating/cold sweat/night 

sweats/clammy 83 
Arthritis/arthralgia 4.7 
Myalgia 17 
Lupus 1.6 


Adverse reactions occurring in less thé 
one percent of patients in eitner the co 
trolled studies or the compassionate use pr 
gram or since the drug was marketed are | 
follows: 

Nervous System: Coma, convulsions/st 
zures, depression, psychosis, mental chang 
agitation, altered taste/smell, difficulty co 
centrating, diplopia, dysarthria, impaire 
memory, increased stuttering/slurred speec 
insomia/sleeping disturbance. local ane 
thesia, nightmares, thirst, weakness, mya 
thenia gravis. 

Gastrointestinal System: Abnormal liv 
function tests, hepatitis, jaundice, (see PR 
CAUTIONS); stomatitis; abdominal pain/d 
comfort; constipation; dysphagia; gastroi 
testinal symptoms (including dyspepsia). 

Cardiovascular System: Ventricular fibi 
lation, extension of acute myocardial infai 
tion, cardiogenic shock, angina, AV bloc 
hypertension, increased QRS duratio 
pleurisy/pericarditis, prolonged QT interv. 
right bundle branch block, syncope, vas 
vagal episodes, cardiomegaly, sinus arrest. 

Pulmonary System: Respiratory arre: 
pulmonary edema, pulmonary embolism, pi 
monary fibrosis. fibrosing alveolitis, interstit 
pneumonitis, pneumonia, dyspnea. 

Other: Hematologic disorder (agranuloc 
tosis, bone marrow depression, hypoplas' 
anemia, anemia, leukopenia, thrombocyt 
penia), increased ANA, urinary retentio 
polyuria/increased diuresis, alopecia, ci 
chonism, claudication, cold extremities, d 
mouth, earache, edema, fever. hiccups, itc 
ing, leg cramps, malaise, metallic/menth 
taste, muscle twitching/spasm, neck pai 
pain radiating from neck, pallor/flushed fac 
pressure on shoulder, yawning. 

Agranulocytosis. bone marrow depressio 
leukopenia, hypoplastic anemia, and thromb 
cytopenia have been reported (0.18 percer 
in patients receiving TONOCARD in controlle 
trials and the compassionate use prograr 
Many of these events occurred in patien 
who were seriously ill or who were recer 
ing concomitant drugs; fatalities hav 
occurred. Most of these events have bee 
noted during the first 12 weeks of therap 
(See WARNINGS). 

Pulmonary fibrosis. interstitial pneumoniti 
fibrosing alveolitis, pulmonary edema, an 
pneumonia, possibly drug related, have bee 
reported in patients receiving TONOCARI 
The incidence of pulmonary fibrosis (includir 
interstitial pneumonitis and fibrosing alveoliti 
was 0.11 percent in controlled trials and tt 
compassionate use program. These even 
usually occurred in seriously ill patient 
Symptoms of these pulmonary disorders ani 
or x-ray changes usually occurred followir 
3-18 weeks of therapy and two patients die 
(See PRECAUTIONS). 


HOW SUPPLIED 
Tablets containing 400 mg (scored) or 600 m 
in bottles of 100 and unit-dose packages ¢ 
100. 


For more detailed information consult you 
MSD Representative and the Prescribing li 
formation. Merck Sharp & Dohme, Divisio! 
"e Inc., West Point, PA 19486. 
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DES DM ee 


First We Made It Good 


From the outset CardioSat programs have been produced under the direction of a distinguished 
national editorial board and have offered AMA Category | credit" Received with praise across North 
America, CardioSat is a highly valued source of CME for many U.S. cardiologists 


Now We've Made It Easy 


TUUM We e MM 
The CardioSat program series has converted to videotape distribution as the primary means of | 
reaching specialists in the field. Pre-recorded, indexed tapes containing accredited programs are 

mailed to our subscribers who then may truly watch them at their convenience. 


The tapes in our CardioSat series form a CME-accredited videotape journal, and subscribers receive: 


e 24 half-hour programs on six tapes per year delivered bi-monthly 

e registration for 12 hours of CME Category | credit for the subscriber at no additional charge 

e up to 12 additional tapes per year on subjects such as malpractice, medical accounting, 
the use of computers in medicine, and additional specialty programming 

e a printed CardioSat yearly program index to facilitate reference to tapes and locations on 
tapes of specific topics 

e information on quarterly CardioSat television programs 

e the opportunity to critique programming and become involved in its development. 


The New CardioSat: An Important Part of Your Future 


If you decide to subscribe, you can do so during a 30-day introductory period for only $195. 
That's just over $8 per accredited program and includes the special supplementary tapes and 
other benefits listed previously. The regular subscription price is $295 per year. (If you already are 
a CardioSat CME-credit subscriber, you will receive a pro-rated refund.) 


Authoritative. Timely. And now, convenient. We think you'll agree that CardioSat continuing education 
programs deserve the reputation they've earned for quality. Now that we've made them easy to get, 
we also think you'll find them among the best of your CME alternatives. 


*The Johns Hopkins University School of Medicine designates this continuing medical education activity for 12 credit hours 
in Category | of the physician's recognition award of the American Medical Association. The Johns Hopkins University 
School of Medicine is accredited by the Accreditation Council for Continuing Medical Education to sponsor continuing 
medical education for physicians. 








| -| Please enter my first year's subscription to CardioSat at 
| the introductory rate of $195. Enclosed is my check made 
payable to CMESat. s 
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ds I'd like to sample the new CardioSat tapes. Please send 
! me a special four-program tape. Enclosed is my $25 
check made payable to CMESat. | understand that this _ 





Continuing 
Professional Education | | 
in Cardiology l $25 will be applied against my first year's subscription - 


when | subscribe. 


A program series of | 
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444 Gulf of Mexico Drive | NamB nu ia eic LL EL rel riae 
Longboat Key, Florida 33548 


1-800-237-6550 (toll free) 
1-813-383-9514 (in FL, AK, HI) | 
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From Smith Kline &French Laboratories 
Cardiovascular Film Library 


Muerrrrrrrr 


Muprrrrress 





Interventions 


In Acute Myocardial Infarction 





...a Scientific documentary that surveys the 
range of available therapies, and chronicles the 
clinical events and decisions of the first 24 
hours from the onset of an acute MI. 


e Filmed medical and surgical procedures 
e Interviews e Animation 
e 30 minutes in length 


Ly ZEUG ES TI Re 
v 
Also 
Available from 
SK&F 
Cardiovascular 
Film Library 


bb e . 3 

Perfusion & Function 
1983 CINE Golden Eagle Award winner, and a 
major motion picture on coronary artery disease 
research. Dr. = N. Cohn, Narrator. 50 minutes. 
CME Accredited. 


To Order “Interventions” (#1341) or “Perfusion 
& Function” (#1340) on a Free-Loan Basis, 
Call: 1-800-223-2342. In New York State: (212) 
764-8815. 





SK&F Health Media Center 
c/o RHR Filmedia 

49 W. 37th Street 

New York, NY 10018 


A continuing education service of 
Smith Kline &French Laboratories 


© SmithKline Beckman Corporation, 1984 


WANT FASTER SERVICE? 


If you . . . Change your Address? 
. . . Need Information? 


ATTACH YOUR PRESENT ADDRESS LABEL 
BELOW 


AFFIX LABEL 


If you have a new address please print it below. 
You MUST include your ZIP code. Post Office rules 
will not permit us to send your magazine to you 
without it 


NAME 


ADDRESS 


CITY/STATE/ZIP 


Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
LC o fin 


American Journal of Cardiology 
Yorke Medical Journals 
Circulation Department 

875 Third Ave., N.Y., N.Y. 10022 
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SAFER FOR 


Digoxin therapy with tablets may be compromised by: 


L] many commonly coadministered drugs, eg, 
antibiotics, antidiarrheals, antacids, and agents that 
increase or decrease gut motility 


O concurrent GI disease: diarrhea, malabsorption 
syndromes, intestinal diseases, constipation 


Digoxin therapy with Lanoxicaps® (digoxin solution in 
capsules) allows the digoxin to be much more rapidly 
and completely absorbed. Whereas tablet bioavailabil- 
ity is only in the range of 60% to 80%, bioavailability 
with Lanoxicaps is similar to that following IV adminis- 
tration, 90% to 100%. Less variability in the amount of 
digoxin absorbed means less risk of over- or under- 
digitalization, improving your patient's safety margin. 
“Bioavailability of digoxin has represented one of the 
most discussed topics of cardiovascular pharma- 
cology of the past decade. The consequent changes in 
pharmaceutical manufacturing have led to prepara- 
tions with nearly optimal bioavailability thus favouring 
a substantial advancement towards a safer treatment? 


Levy G, cited by Malini PL, Strocchi E, Negroni S, et al: 
Greater bioavailability of digoxin in a new capsule preparation. 
Current Therapeutic Research 1983;33:646-650. 





"Data collected so far show that if a product is fully 
bioavailable, the bioavailability in different subjects 
and in the same subject at different times is within a 
very narrow range, say 95—10096. However, if a 
poorly available product has an average bioavailability 
of say 5096, the range in individual patients, and in the 
same patient at different times, covers a tremendous 
range, sometimes from 0 to 100%!” 


Wagner JG: An overview of the analysis and interpretation 
of bioavailability studies in man. Pharmacology 1972;8:102-117. 





The new standard in digoxin 


Copr. ©1984 Burroughs Wellcome Co. All rights reserved. Please see brief summary of prescribing information on following page. 
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"The enhanced bioavailability of the capsule formula- 
tion and the resulting minimized intersubject and 
intrasubject variability in serum digoxin concentra- 
tions make the capsule dosage form the preferred 
form of oral digoxin for use in patients who typically 
have a multitude of factors that can markedly alter 
digoxin bioavailability,’ 

Johnson BF: Influences of dosage form and other factors 

on variability in digoxin absorption, in Digoxin Therapy: 


The Role of Lanoxicaps®. Burroughs Wellcome Co., 
1983, pp 14-19. 





“The more incompletely a drug is absorbed, the more 
will its absorption vary between patients and in the 
same patient with time. Drug formulation should 
always strive for the most complete bioavailability . .. ” 


Koch-Weser J: Drug therapy: Bioavailability of drugs 
(second of two parts). N Engl J Med 1974;291:503-506. 


Monograph Available 


To receive a compilation of clinical studies, entitled 
Digoxin Therapy: The Role of Lanoxicaps", just ask 
your B.W. Co? representative or write: Lanoxicaps 
Monograph, Burroughs Wellcome Co., Research 
Triangle Park, NC 27709. 


0.1 mg 0.2 mg 





M. 


Actual size 





* Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome North Carolina 27709 
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(digoxin solution in capsules) 
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.. LANOXICAPS* 
-. (digoxin solution in capsules) 
- 50 ig (0.05 mg) I.D. Imprint A2C (red) 
~ 100 pg (0.1 mg) I.D. Imprint B2C (yellow) 
_ 200 ug (0.2 mg) I.D. Imprint C2C (green) 
_ Brief Summary of Prescribing Information 
Before using Lanoxicaps® (digoxin solution in capsules), 
- the physician should be thoroughly familiar with the 
- basic pharmacology of this drug as well as its drug 
_ interactions and its indications and usage. 
- CONTRAINDICATIONS: Digitalis glycosides are con- 
- traindicated in ventricular fibrillation. Any untoward effect 
. requiring permanent discontinuation of other digitalis prep- 
- rations usually constitutes a contraindication to digoxin. 
- Hypersensitivity to digoxin itself is a contraindication to its 
_ use. Allergy to digoxin, though rare, does occur. It may 
. not extend to all such preparations, and another digitalis 
- glycoside may be tried with caution. 
-— WARNINGS: The use of digoxin or other digitalis glyco- 
_ Sides in the treatment of obesity is unwarranted and 
- dangerous. 
|. Itis recommended that digoxin in soft capsules be 
. administered in divided daily doses to minimize any poten- 
_ tial adverse reactions. Where compliance is considered 
_ a problem, single daily dosing may be appropriate (see 
- DOSAGE AND ADMINISTRATION section in complete 
- prescribing information). 
- Anorexia, nausea, vomiting and arrhythmias may 
_ accompany heart failure or may be indications of digitalis 
intoxication. Clinical evaluation of the cause of these 
- symptoms should be attempted before further digitalis 
administration. 
_ Patients with renal insufficiency require smaller than 
Usual maintenance doses of digoxin (see DOSAGE AND 
- ADMINISTRATION section in complete prescribing 
- information). 
- Heart failure accompanying acute glomerulonephritis 
- requires extreme care in digitalization. Relatively low 
loading and maintenance doses and concomitant use of 
-antihypertensive drugs may be necessary. Careful 
monitoring is essential. Digoxin should be discontinued 
as soon as possible. 
_ Patients with severe carditis, such as carditis associated 
„With rheumatic fever or viral myocarditis, are especially 
- Sensitive to digoxin-induced disturbances of rhythm. 
__ Newborn infants display considerable variability in their 
tolerance to digoxin. Premature and immature infants 
are particularly sensitive, and dosage must not only be 
'educed but must be individualized according to their 
degree of maturity. 
Note: Digitalis glycosides are an important cause of 
accidental poisoning in children. 
‘PRECAUTIONS: 
General: Digoxin toxicity develops more frequently and 
lasts longer in patients with renal impairment because of 
the decreased excretion of digoxin. Therefore, dosage re- 
„quirements will be decreased in patients with moderate to 
‘severe renal disease (see DOSAGE AND ADMINISTRATION 
‘Section in complete prescribing information). More time is 
required to achieve an initial or new steady-state concen- 
‘tration in patients with renal impairment than in patients 
‘with normal renal function. 
. In patients with hypokalemia, toxicity may occur despite 
serum digoxin concentrations within the ‘‘normal range", 
because potassium depletion sensitizes the myocardium 
to digoxin. Hypokalemia may result from diuretic, ampho- 
tericin B or corticosteroid therapy, and from dialysis or 
mechanical suction of gastrointestinal secretions. It may 
also accompany malnutrition, diarrhea, prolonged 
vomiting, old age and long-standing heart failure. In 
general, rapid changes in serum potassium or other elec- 
trolytes should be avoided, and intravenous treatment with 
potassium should be reserved for special circumstances as 
described below (see TREATMENT OF ARRHYTHMIAS 
PRODUCED BY OVERDOSAGE section in complete pre- 
Scribing information). 
~ Calcium, particularly when administered rapidly by the 
intravenous route, may produce serious arrhythmias in 
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digitalized patients. Hypercalcemia from any cause pre- 
disposes the patient to digitalis toxicity. Hypocalcemia 
can nullify the effects of digoxin in man; digoxin may be 
ineffective until serum calcium is restored to normal. 

Hypomagnesemia may predispose to digitalis toxicity. If 
low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 

Quinidine and verapamil cause a rise in serum digoxin 
concentration, with the implication that digitalis intoxi- 
cation may result. This rise appears to be proportional 
to the dose. Due to the considerable variability of these 
interactions, digoxin dosage should be carefully 
individualized. 

Certain antibiotics may increase digoxin absorption in 
patients who convert digoxin to inactive metabolites in the 
gut (see Pharmacokinetics portion of the CLINICAL 
PHARMACOLOGY section in complete prescribing in- 
formation). The magnitude of rise in serum digoxin con- 
centration may be as much as two-fold in some cases. 
This interaction is significantly reduced if digoxin is given 
as Lanoxicaps. 

Patients with acute myocardial infarction or severe 
pulmonary disease may be unusually sensitive to digoxin- 
induced disturbances of rhythm. 

Atrial arrhythmias associated with hypermetabolic states 
(e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended 
as the only treatment of these arrhythmias and care must 
be taken to avoid toxicity. In hypothyroidism, the digoxin 
requirements are reduced. Digoxin responses in patients 
with compensated thyroid disease are normal. 

Reduction of digoxin dosage may be desirable prior to 
electrical cardioversion to avoid induction of ventricular 
arrhythmias, but the physician must consider the con- 
sequences of rapid increase in ventricular response to 
atrial fibrillation if digoxin is withheld 1 to 2 days prior to 
cardioversion. If there is a suspicion that digitalis toxicity 
exists, elective cardioversion should be delayed. If it is not 
prudent to delay cardioversion, the energy level selected 
should be minimal at first and carefully increased in an 
attempt to avoid precipitating ventricular arrhythmias. 

Incomplete AV block, especially in patients with Stokes- 
Adams attacks, may progress to advanced or complete 
heart block if digoxin is given. 

In some patients with sinus node disease (i.e. Sick 
Sinus Syndrome), digoxin may worsen sinus bradycardia 
or sino-atrial block. 

In patients with Wolff-Parkinson-White Syndrome 
and atrial fibrillation, digoxin can enhance transmission 
of impulses through the accessory pathway. This effect 
may result in extremely rapid ventricular rates and even 
ventricular fibrillation. 

Digoxin may worsen the outflow obstruction in patients 
with idiopathic hypertrophic subaortic stenosis (IHSS). 
Unless cardiac failure is severe, it is doubtful whether 
digoxin should be employed. 

Patients with chronic constrictive pericarditis may fail to 
respond to digoxin. In addition, slowing of the heart rate 
by digoxin in some patients may further decrease cardiac 
Output. 

Patients with heart failure from amyloid heart disease or 
constrictive cardiomyopathies respond poorly to treatment 
with digoxin. 

Digoxin is not indicated for the treatment of sinus tachy- 
cardia unless it is associated with heart failure. 

Digoxin may produce false positive ST-T changes in the 
electrocardiogram during exercise testing. 

Intramuscular injection of digoxin is extremely painful 
and offers no advantages unless other routes of adminis- 
tration are contraindicated. 

Drug Interactions: Potassium-depleting corticosteroids 
and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the 
intravenous route, may produce serious arrhythmias. 
Quinidine and verapamil cause a rise in serum digoxin con- 
centration, with the implication that digitalis intoxication 
may result. Certain antibiotics increase digoxin absorption 
in patients who inactivate digoxin by bacterial metabolism 








SAFER FOR MANY PATIENTS 


in the lower intestine, so that digitalis intoxication may 
result. Propantheline and diphenoxylate, by decreasing 
gut motility, may increase digoxin absorption. Antacids, 
kaolin-pectin, sulfasalazine, neomycin, cholestyramine 
and certain anticancer drugs may interfere with intestinal 
digoxin absorption, resulting in unexpectedly low serum 
concentrations. Thyroid administration to a digitalized, 
hypothyroid patient may increase the dose requirement 

of digoxin. Concomitant use of digoxin and sym- 

pathomimetics increases the risk of cardiac arrhythmias, 

because both enhance ectopic pacemaker activity. Suc- 
cinylcholine may cause a sudden extrusion of potassium 
from muscle cells, and may thereby cause arrhythmias in 
digitalized patients. Although B adrenergic blockers or cal- 
cium channel blockers and digoxin may be useful in com- 
bination to contro! atrial fibrillation, their additive effects 
on AV node conduction can result in complete heart block. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 

There have been no long-term studies performed in 

animals to evaluate carcinogenic potential. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. 

Digoxin should be given to a pregnant woman only if 

Clearly needed. 

Nursing Mothers: Caution should be exercised when 

digoxin is administered to a nursing woman. 

ADVERSE REACTIONS: The frequency and severity of 

adverse reactions to digoxin depend on the dose and route 

of administration, as well as on the patient's underlying 
disease or concomitant therapies (see PRECAUTIONS 
section). The overall incidence of adverse reactions has 
been reported as 5 to 20%, with 15 to 20% being consid- 
ered serious (1 to 4% of patients receiving digoxin). Car- 
diac toxicity accounts for about one-half, gastrointestinal 
disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. 

Adults: 

Cardiac—Unifocal or multiform ventricular premature 

contractions, especially in bigeminal or trigeminal 

patterns, are the most common arrhythmias associated 
with digoxin toxicity in adults with heart disease. Ventricu- 
lar tachycardia may result from digitalis toxicity. Atrioven- 
tricular (AV) dissociation, accelerated junctional (nodal) 
rhythm and atrial tachycardia with block are also common 
arrhythmias caused by digoxin overdosage. Excessive 
slowing of the pulse is a clinical sign of digoxin over- 
dosage. AV block (Wenckebach) of increasing degree may 
proceed to complete heart block. 

Note: The electrocardiogram is fundamental in 
determining the presence and nature of these 
Cardiac disturbances. 

Gastrointestinal—Anorexia, nausea, vomiting and less 

commonly diarrhea are common early symptoms of over- 

dosage. Uncontrolled heart failure may also produce such 
symptoms. 

CNS— Visual disturbances (blurred or yellow vision), 

headache, weakness, apathy and psychosis can occur. 

Other— Gynecomastia is occasionally observed. 

Infants and Children: Toxicity differs from the adult ina 

number of respects. Anorexia, nausea, vomiting, diarrhea 

and CNS disturbances may be present but are rare as initia 
symptoms in infants. Cardiac arrhythmias are more reli- 
able signs of toxicity. Digoxin in children may produce any 
arrhythmia. The most commonly encountered are conduc- 
tion disturbances or supraventricular tachyarrhythmias, 

Such as atrial tachycardia with or without block, and junc- 

tional (nodal) tachycardia. Ventricular arrhythmias are less 

common. Sinus bradycardia may also be a sign of impend- 
ing digoxin intoxication, especially in infants, even in the 
absence of first degree heart block. Any arrhythmia or 
alteration in cardiac conduction that develops in a child 
taking digoxin should initially be assumed to be a conse- 
quence of digoxin intoxication. 


84-LNC-1 
Burroughs Wellcome Co. 
x Research Triangle Park 
Wellcome / North Carolina 27709 
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The AJC in October 1960 


RICHARD E. CLARK, MD 


'The October 1960 issue of the AJC covered 155 pages, 
135 of which were used for scientific articles. Two- 
thirds of the issue (82 pages) was used for a symposium 
on anesthesia for cardiac surgery. One must recall that 
this was an emerging clinical speciality in an era of a 
mortality rate that was approximately 20%.! The sym- 
posium had contributions by 14 centers then engaged 
in open-heart surgery. These reports came from Bos- 
ton, New York, Los Angeles, Cleveland, Durham, Mi- 
ami, Washington, D.C., Philadelphia and Baltimore. 
À major concern during this period was the myocar- 
dial depressant effects of the various anesthetic a- 
gents customarily used for other types of patients and 
operations. 

These anesthetic agents—diethyl ether, halothane, 
thiopental sodium and cyclopropane—were the prin- 
cipal agents being tested on isolated hearts, in dogs 
and in an uncontrolled nonrandomized way in pa- 
tients. The additive effects of induction, premedica- 
tion agents and relaxants also were studied. 

In the laboratory, it was evident that light anesthe- 
sia made little change in right ventricular stroke vol- 
ume and left ventricular stroke work.? Clinically, how- 
ever, deeper planes of anesthesia were required and 
untoward effects were observed. À combination of 


. ether and barbiturate and a parasympathetic antago- 


nist caused a decrease in heart rate, an increase in 
stroke volume, and an increase in blood pressure and 
total peripheral resistance, with a mild to moderate 
decrease in cardiac output. Depressive effects particu- 
larly those of diethyl ether, cyclopropane and halo- 
thane were concentration-dependent. 

Each unit appeared to adopt special monitors for 
measurement of a variety of variables in cardiac sur- 
gery. Among these were a variety of signal conditioners 
and recorders for the measurement of the electrocar- 
diogram, the electroencephalogram, and various pres- 
sures as well as an enormous effort for the measure- 
ment of whole blood pH, PCO,, and PO; and tempera- 
ture in various locations in the body. Blood gas 
analyzers were in their infancy. These devices re- 


- quired an incredible amount of technical skill to cali- 


brate both pH and PCO, over a wide range. The phys- 


- jologic importance of correction of values to 37? C had 


not been appreciated nor the fact that hypothermic 


. animals became alkalotic. 
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Although rarely used today, electroencephalogra- 
phy occupied a major role in the measurement respon- 
sibilities of the anesthesiologist in 1960. The separa- 
tion between cerebral hypoxemia and hypothermia 
was difficult, although it was clear in catastrophic 
cases that the electroencephalogram changed dramat- 
ically during the operation. An ear oximeter using in- 
frared light was believed to be efficacious and was one 
of the earliest demonstrations of an effort toward non- 
invasive determination of the O» content of the arteri- 
alized blood during cardiopulmonary bypass. Moni- 
toring was achieved with devices that had been adapt- 
ed from the cardiac catheterization laboratory and 
recorders used both heated styluses and mirrored gal- 
vanometry and light-sensitive paper. 

The conduct of cardiopulmonary bypass was of spe- 
cial interest because so many of the intraoperative and 
postoperative problems appeared to be associated 
with its use. Two general types of oxygenators were 
used: the screen (Gibbon) or the disc (Kay-Cross). 
Each required priming with large volumes of whole 
blood.?7? 

Blood volume requirements for cardiac surgery 
caused enormous concern, and this led to a series of 
experiments and determinations by many centers of 
circulating blood volume by use of 1-131 and chro- 
minum-51 before, during and after cardiopulmonary 
bypass. The problems, i in great part, could be traced to 
the fact that the extracorporeal circuit had a volume 
that was equal to or greater than the patient. Hemodi- 
lution with crystalloid prime was not thought possible 
with the devices in use until the laboratory work of 
Neptune et al demonstrated efficacy.? These data 
from dogs and patients were not accepted readily by 
the clinical community for several years. 

The immediate postoperative interval was the most 
difficult for anesthesiologists, cardiac surgeons and 
intensive care unit nurses. It was quickly learned that 
volume-controlled ventilators were necessary and that 
a major characteristic of the immediate postoperative 
interval was an alveolar-capillary block, which was 
related to a phenomenon of water and protein extrava- 
sation into the pulmonary interstitium. This was later 
traced to the large volumes of unfiltered blood and 
crystaloid given in the prime and during the proce- 
dure. Although most heart-lung machines had arterial 
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. line filters, the pore size was large. The quantity and 
. size of the solid microemboli in the stored blood and 
_ the perfusate were not appreciated. 
Postoperatively, low cardiac output was common. 

_ Whether or not the use of Melrose's solution* was 

responsible or the use of anoxic arrest was the cause 
. were not answered in the symposium. Improved meth- 
. ods of protection of the heart were clearly needed, and 
- either method was hazardous allowing precious few 
minutes for repair of complex lesions. The agent of 

choice for poor contractility was digitalis in the form of 
_ ovabain because of its rapid onset of action. 

. Arrhythmia was a major problem with the early 
. advent of closed- and open-heart surgery. Most ar- 
. rhythmias were believed to be a result of inadequate 
. oxygenation and carbon dioxide accumulation or were 
. secondary to hypotention from blood loss or anesthet- 

ic agents. All reports emphasized that the minimal 
amount of anesthesia must be given and that careful 

attention to hyperventilation and avoidance of meta- 
- bolic acidosis was mandatory. An arterial pH >7.45 
was recommended regardless of temperature, and 
this was primarily done through hyperventilation, 
. Which was the hallmark of the management of early 
anesthesia. 
- . The era of open-heart surgery was just beginning. 
_ The Los Angeles group reported that anesthesia had 
- been given over a 4-year interval to 164 patients who 
. had undergone cardiac operation with the use of car- 
. diopulmonary bypass and hypothermia and gener- 
-al anesthesia was given to 68 patients for the per- 
formance of a cardiac procedure? At that time, 
most patients (548) were anesthetized for cardiac 
- catheterization. 
| ... Of historical interest was the report from Cleveland 
- in which 429 consecutive cardiac surgical patients had 
_ a hospital mortality rate for the Beck I operation of 6% 
over a 5-year interval, the last 200 patients having a 296 
hospital mortality rate. This operation consisted of 
_ abrasion of the pericardium by mechanical means and 
- application of trichloracetic acid and powdered asbes- 
- tos. Additionally, a suture, placed from the external 
- surface of the heart, surrounded the coronary sinus, 
- narrowing it to approximately 3 mm. The theory was 
_ that the resulting congestion increased coronary sinus 
` pressure, which would stimulate the development of 
_intercoronary anastomoses within the ischemic myo- 
 cardium. These operations were done through a left 
lateral thoracotomy without cardiopulmonary by- 
_ pass and were followed by intercostal blockade with 
 tetracaine. 
_ The remaining one-third of the reports covered a 
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variety of topics. One involved the problem of heart 
failure, which occurred in the immediate postpartum 
interval and was found to be related to the presence o 
heart disease in practically all patients. Another in- 
volved the relation between the cerebral circulation 
and arrhythmia, and Corday and Irving? reported that 
there was an intimate relation between the two. The 
cerebral circulation was also studied by Wolfe,® in 
Cleveland, who attempted to simulate the clinical sit- 
uation of ventricular fibrillation under 2 conditions, 
normothermia and mild hypothermia (319C). Even 
mild hypothermia provided protection against cere- 
bral damage. An anecdotal article of historical note 
involved the notes by Thomas Bevel Peacock on dis- 
secting aneurysm as he had observed it in 1843. He 
reported 5 cases to which he appended 14 from the 
published reports and attempted to develop a theory 
of pathogenesis and life history. 

A variety of case reports followed. One involved 
congenital tricuspid stenosis, indeed a rarity both then 
and now. Àn aneurysm of the right coronary artery was 
described with rupture into the right atrium, with 1- 
year survival. Additionally, the problem of neonatal 
digitalis intoxication through the placenta was de- 
scribed in a mother requiring this compound. Wencke- 
bach's phenomenon associated with hyperparathy- 
roidism and the problem of the atypical patent ductus 
arteriosis were reviewed. The October issue contained 
the abstracts from the Ballisticardiographic Research 
Societies. In the President's column, the educational 
mission of The American College of Cardiology was 
emphasized. At that time, the college's annual meeting 
was held jointly with the American Heart Association. 
The ninth interim meeting of the American College of 
Cardiology's program was printed, and most promi- 
nent among these were so-called firestone conferences, 
which covered an enormous range of topics. 
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Mitral Valve Prolapse and Systemic Hypertension 


In the USA there are approximately 160 million persons 
over 20 years of age (total population — 238 million). Of 
the 160 million, an estimated 8 million (596) have aus- 
cultatory evidence of mitral valve prolapse (MVP) and 60 
million (37 96) have systemic hypertension (SH) (arterial 
pressure = 140/90 mm Hg). Accordingly, of the 8 million 
with MVP, nearly 3 million (0.37 X 8) have SH, and of the 
60 million with SH, 3 million (0.05 X 60) have MVP. The 
number of persons, therefore, with both MVP and SH in the 
USA is substantial. 

Except in the person with left ventricular outflow ob- 
struction, the systemic peak systolic arterial pressure is 
identical to the left ventricular peak systolic pressure, 
which of course is the pressure that closes the mitral valve 
orifice during ventricular systole. The normal mitral valve 
withstands elevation of the left ventricular peak systolic 
pressure without development of mitral regurgitation unless 
mitral anular calcific deposition is heavy, a process which 
is more frequent in hypertensive than in normotensive 
persons. ' But how well does the defective, i.e., prolapsed 
or floppy, mitral valve tolerate chronic elevation of the left 
ventricular peak systolic pressure? My answer is "poorly," 
and the reason is because the associated SH (specifically, 
the elevated left ventricular systolic pressure) greatly in- 
creases the frequency of spontaneous rupture of mitral 
chordae tendineae, an occurrence virtually limited to pa- 
tients with preexisting MVP. Jeresaty and associates? 
found underlying MVP in 23 (9296) of 25 patients with 
spontaneous rupture of mitral chordae tendineae and 
Hickey and associates? found underlying MVP in 29 (9496) 
of 31 patients with spontaneous rupture of mitral chordae 
tendineae. In an earlier study,^ my colleagues and ! ex- 
amined 60 operatively excised purely regurgitant prolapsed 
mitral valves: 13 had ruptured chordae tendineae and of 
these, 11 (8596) had had SH before valve replacement; 
of the remaining 47 valves, none had ruptured chordae 
tendineae and only 11 (2396) of them had had SH preop- 
eratively. 

The normal mitral leaflets, as with the leaflets of all 4 
cardiac valves, consist of 2 components: the fibrosa and 
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the spongiosa. The fibrosa consists of collagen fibrils and — | 


the spongiosa, of an acid mucopolysaccharide material. In 
MVP the collagen fibrils of both the leaflets and chordae 
tendineae are defective? and probably, at least initially, 
decreased in number, and the spongiosa material, the 


"weaker" of the 2 components, is present in excessive — 
amounts. It is reasonable to believe that the weaker the — 


mitral leaflet and chordal structures, the greater the effect 


on them of the left ventricular systolic pressure, and the - 
greater the mitral closing pressure the greater its effect 


on the defective mitral leaflet and chordal structures. 


In summary, the normal mitral valve tolerates elevated - 
left ventricular systolic pressures (mitral closing pressures) - 


well, i.e., without creating mitral regurgitation and without 


rupturing mitral chordae tendineae. The prolapsed mitral 


valve, in contrast, contains defective collagen fibrils and 


excess spongiosa and it appears to withstand elevated left — 
ventricular systolic pressures poorly as manifested bya _ 
high frequency of spontaneous rupture of chordae ten- i 
dineae (and probably also by an increased degree of leaflet _ 
prolapse). Thus, proper treatment of SH may prevent or - 4 
delay the appearance of severe mitral regurgitation that — 


occurs in some patients with MVP. 
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_ RELATION BETWEEN 
|... ELECTROCARDIOGRAPHIC 
|... AND SCINTIGRAPHIC LOCATION 
|... OF MYOCARDIAL ISCHEMIA 
i ie IN 1-VESSEL CORONARY 


ARTERY DISEASE 


























F w ede the Tata of whether the exer- 
_ cise electrocardiogram (ECG) can locate the 
- site of ischemia, and quoted our recent arti- 
. cle? Apart from minor methodologic differ- 
$ ences in exercise testing and analysis of 


Mirs identical to our own. The same criteria 
* for patient selection were used, i.e., only pa- 


fs 
. (CAD), iüterpretable ECGs and no previous 
m: rocardial infarction were included, and an 


3 A ed to document and locate ischemia. The 
" only difference between the 2 studies was that 
18% (not 25% as quoted by Fox et al) of our 
". Dé tients with 1-vessel CAD had normal 


ae 


wi ; * 100% naii in Tw die patients 
W ith 1-vessel CAD as was reported in a pre- 
.. vious study from the same group.? Certainly, 
the exclusion of patients without thallium 
i efects confers no unique "P on the 


oe i exercise ECG did not pra in the 
4 st site of ischemia. 

| S. B. Freedman, MB, Phd 

R. F. Dunn, MB 

Sydney, Australia 

22 October 1984 


| Di ancandioorphio and scintigraphic location of 
ME myocardial ischemia during exercise in 1-vessel coro- 
y: 3 artery disease. Am J cardiol 1984;53:1529- 


Dunn RM, Freedman B, Bailey IK, Uren RF, Kelly DT. 
Localization of coronary artery disease with exercise 
. electrocardiography: correlation with thallium-20 1 


x Were scanning. Am J Cardiol 1981; 


: Letters (from the United States) concerning a 
. particular article in the Journal must be received 
Within 2 months of the article’s publication, and 





3. Iskandrian AS, Lichtenberg R, Segal BL, Mintz GS, 
Mundth ED, Hakki AH, Kimbiris D, Bemis CE, Croll MN, 
Kane SA. Assessment of jeopardized myocardium in 
patients with 1-vessel disease. Circulation 1982;65: 
242-247. 


BUCINDOLOL 


We were interested in the recent study by 
Rotmensch et al (Am J Cardiol 1984;54: 
353-356). We also had experience with bu- 
cindolol in 8 patients. The duration of action 
of bucindolol may not be as long as proposed 
by Rotmensch et al, because we observed 
significant changes in blood pressure 1 hour 
after a 150-mg dose was administered, which 
was not seen 10 hours later (Table I). Doses 
of bucindolol «150 mg produced less anti- 
hypertensive response suggesting that 150 mg 
is an effective dose. We also can confirm the 
partial intrinsic sympathomimetic action of 
bucindolol because there was a dose-related 
inhibition of exercise-induced tachycardia, 
whereas the pulse rate at rest remained 
unchanged. 

It also has been suggested that bucindolol 
may have another beneficial action, 
a-blocking activity. This a-receptor blockade 
would theoretically offset some of the 8-re- 
ceptor-induced bronchoconstriction in the 
lung. We previously demonstrated that la- 
betolol (an o-8-receptor blocker) produced 
bronchoconstriction of a similar degree to the 
most cardioselective -receptor blocker, 
atenolol.! Bucindolol in our study produced 
no effect on peak flow FEV, and FVC in our 
study suggesting that it may be as safe as the 
more selective 9 blockers. One small point of 
caution: We observed increases in the skeletal 
creatine kinase in 3 patients, which normal- 
ized in 2 on cessation of therapy. In 1 patient, 
elevated creatinine kinase has persisted for 
1 year. Increases in creatine kinase have been 
reported with other 8 blockers possessing 
intrinsic sympathomimetic action,? but 
we believe that careful observation is 
necessary. 

J. S. Gill, MD 

D. G. Beevers, MD 
Birmingham England 
29 October 1984 
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SERIAL ELECTROPHYSIOLOGIC "s 


TESTING AFTER ACUTE 
MYOCARDIAL INFARCTION 


Long-term reproducibility of recurrent sus- 
tained ventricular tachycardia (V'T) by pro- 
grammed electrical stimulation is taken as a 
priori by many electrophysiologists. There- 
fore, the report by Schoenfield et al! is a 
welcomed confirmation of the anecdotal ex- 
periences of others. We reported our anec- 
dotal experiences in 2 recent case reports.?? 
Unlike Schoenfeld et al, our focus has been to 
address the long-term reproducibility of 
sustained VT shortly after acute myocardial 
infarction (AMI). There is evidence that pa- 
tients with complex ventricular arrhythmias, 
occurring in the recovery phase of AMI are at 
an increased risk for sudden death in the first 
year. Because many of these high-risk pa- 
tients do not die in the succeeding year, one 
might conclude that their early electrical in- 
stability may have changed with time. Our 
first report? addressed the concept that in- 
duced sustained VT in a patient early after 
AMI may not be replicated at 20 months. 
This patient was well 4 years after AMI. In 
our second study (Luck et al?), we reproduced 
sustained VT on 5 occasions after an anterior 
AMI in a high-risk patient over a 15-month 
period. This second patient has never had 
spontaneous sustained V'T and remains 
asymptomatic without  antiarrhythmic 
therapy 3 years after AMI. We believe that 
long-term reproducibility of VT by electrical 
stimulation may be more important in pa- 
tients with sustained VT after AMI. If ar- 
rhythmias are not inducible after 1 to 2 years, 
then the prognosis may clearly be different. 
Likewise, empirical therapy or therapy with 
programmed electrical stimulation after AMI 
may be discontinued after 1 to 2 years if a 
repeat study reveals negative results. 


Jerry C. Luck, MD 

Christopher R.C. Wyndham, MD 
Houston, Texas 

29 October 1984 
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-~ Transderm-Nitro* 
sima 
Therapeutic System 
_ BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, 
SEE PACKAGE INSERT) 


ee INDICATIONS AND USAGE 
-| This drug product has been conditionally approved by the 


- 


p 
' 
. | FDA for the prevention and treatment of angina pectoris due 
~ | to coronary artery disease. The conditional approval reflects 
.. | adetermination that the drug may be marketed while further 


investigation of its effectiveness is undertaken. A final evalu- 
NS! n EUM effectiveness of the product will be announced by 





.. CONTRAINDICATIONS RR 
.. Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure. 


_ WARNINGS 

-~ n patients with acute myocardial infarction or congestive heart 
failure, Transderm-Nitro system should be used under careful 
clinical and/or hemodynamic monitoring. 

In terminating treatment of A ae patients, both the dosage and 

E Jyre of application must be gradually reduced over a period 
of 4 to 6 weeks to poe sudden withdrawal reactions, which are 

Characteristic of all vasodilators in the nitroglycerin class. 

-Transdermal RM Ncerin Systems should be removed before 

.. attempting defibrillation or cardioversion because of the potential 

- for altered electrical conductivity which may enhance the possi- 

bility of arcing, a phenomenon associated with the use of 

- . defibrillators. 


PRECAUTIONS : 

- Symptoms of hypotension, such as faintness, weakness or dizzi- 
-~ ness, particularly orthostatic hypotension may be due to overdos- 
- . age. When these symptoms occur, the dosage should be reduced 

- or use of the product discontinued. 
Transderm-Nitro system is not intended for immediate relief of 
anginal attacks. For this purpose occasional use of the sublingual 
preparations may be necessary. 


.. ADVERSE REACTIONS 
. Transient headaches are the most common side effect, eec 

.. when higher doses of the drug are used. These headaches should 

be treated with mild analgesics while Transderm-Nitro therapy is 
Continued. When such headaches are unresponsive to treatment, 
the nitroglycerin dosage should be reduced or use of the product 

= discontinued. - 

— Adverse reactions reported less frequently include hypotension, 
increased heart rate, faintness, flushing, dizziness, nausea, 
vomiting, and dermatitis. These symptoms are attributable to the 
known pharmacologic effects of nitroglycerin, but may be symp- 
toms of overdosage. When they persist the dose should be 
reduced or use of the product discontinued. 


DOSAGE AND ADMINISTRATION 
eds d should be initiated with application of one Transderm- 
Nitro 5 system to the desired area of skin. Many patients prefer 
the chest; if hair is likely to interfere with system adhesion or 
removal, it can be clipped prior to placement of the system. Each 
.. System is designed to remain in place for 24 hours, and each suc- 
-  cessive application should be to a different skin area. Transderm- 
Nitro system should not be applied to the distal parts of the 
extremities. 
The usual dosage is one Transderm-Nitro 5 system every 24 
hours. Some patients, however, may require the Transderm-Nitro 
10 system. If a single Transderm-Nitro 5 system fails to provide 
- adequate clinical response, the patient should be instructed to 
_ remove it and apply either two Transderm-Nitro 5 systems or one 
Transderm-Nitro 10 system. More systems may be added as indi- 
cated by continued careful monitoring of clinical response. The 
Transderm-Nitro 2.5 system is useful principally for mei 

. the dosage gradually, though it may provide adequate therapy for 
some patients when used alone. 

. The optimal dosage should be selected based upon the clinical 
response, side effects, and the effects of therapy upon blood 
pressure. The greatest attainable decrease in resting blood pres- 
Sure that is not associated with clinical symptoms of hypotension 
especially during orthostasis indicates the optimal dosage. To 
decrease adverse reactions, the size and/or number of systems 
should be tailored to the individual patient's needs. 

Do not store above 86°F (30°C). 


. PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems. 


HOW SUPPLIED 
. Transderm-Nitro Total 
tem Rated — Nitroglycerin System Carton 
elease in vivo — in System Size Size 


oe " 


2.5mg/24hr  125mg 5cm? . 30Systems (NDC eo 
*100 Systems {noc 0083-2025-30 
- 5mg/24 hr 25 mg 10cm? 30 Systems (NDC 0083-2105-26 
M *100 Systems (NDC 0083-2105-30 
10 mg/24 hr 50 mg 20cm? 30 Systems (NDC 0083-2110-26 
. *100 Systems (NDC 0083-2110-30 
15 mg/24 hr 75 mg 30cm? 30 Systems (NDC 0083-2115-26 
"100 Systems (NDC 0083-21 15-30 
. “Hospital Pack 100's 
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The Diagnosis and Treatment 
Oriented Approach to Rheumatology - 
with the Primary Care Physician in Mind. 


— Rheumatology 
aicomatolony a 
Ren cs A Primary Care Approach 


Written by: 
Bruce M. Rothschild, MD 


Director, Division of Rheumatology, University Health Sciences, 
The Chicago Medical School Chief, Section of Rheumatology, V.A. 
Medical Center North Chicago, Illinois 


i ISBN 0-914316-33-8, $42.50, 430 pp., illus., 1982. 





What is Rheumatology: A Primary Care Approach? 

€ a succinct (approx. 450 pp.) yet comprehensive presentation of the latest tech- 
niques in diagnosis and therapeutic interventions of most use to the primary 
care physician 

€ a practical "how-to" desk reference to a difficult but common disease affecting 
over 35 million patients in the U.S. alone 

€ a book meant to be used regularly, not read once and stored away on a library 
shelf 

€ the primary care physicians' answer to the huge, weighty tomes on Rheumatol- 
ogy which offer too little on diagnosis and treatment and too much on etiology 
and mechanisms of disease 


Abbreviated Table of Contents 


Section 1 Investigative Techniques 
Section 2 Patterns 
Section 3 Management 


"This compact, well-designed and generally informative volume is a useful refer- 

ence for the management of rheumatic disease by physicians who deliver primary 

care. The family physician will undoubtedly use this frequently as a reference." 
Charles M. Plotz, MD American Family Physician 


"This book is a good primer for students, residents, and health professionals who 
would like a glimpse into rheumatology. It can be recommended for all but the 
specialist (but perhaps the specialist should read it, too, to see what those he is 
training are learning). " 

George E. Ehrlich, MD JAMA September '83 


This is a superb text by a sensitive, concerned, organized author of international 
repute . . . Each chapter is well outlined, concise, practical, and has a current and 
appropriate bibliography at the end. . . a skillfully structured text which is a qual- 
ity contribution . . . a very readable text." 

John A. Feagin, Jr., MD Military Medicine March '83 


pun ER arn degere tm com tian fip uu tn ae VOD UD JE 


Send orders to: AJCJ5 


Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 
Please send me Kheumatology: A Primary Care Approach (00029) $42.50, on 30 day approval 
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forms. The PentaCath AV, Model Injection Kit, the PentaCath offers 

SP5527 has a special RV port for greater convenience, accuracy and 

measuring right ventricular pressure enhanced patient care. Without 


at the same time. when clinical situations demand it. compromise. 





With all PentaCath models, you can For more details, contact your Gould 
Why compromise drug delivery to monitor right atrial, pulmonary artery sales representative or call Gould 
monitor cardiac output or the other and pulmonary capillary wedge directly at one of the toll-free numbers 
way around? Now there's a true pressures as well. listed below. 
five-lumen thermodilution catheter that The PentaCath is heparin bonded Gould Inc. 
lets you do both at the same site to reduce thrombogenicity. Balloon Cardiovascular Products Division 
simultaneously. It's new from Gould... ^ quality is exceptional, with excellent 1900 Williams Drive 
for added convenience and patient symmetry and total tip coverage for Oxnard. California 93030 
safety in critical care. better protection against ventricular (800) 935-5945 
But that’s not all that's unique irritation. In California, call (800) 631-7015 
about the PentaCath”™ Its circular Combined with Gould's advanced, In Alaska and Hawaii, call 
lumen design increases interlumen portable Hemodynamic Profile (805) 983-1300 collect 
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“or steady maintenance following 
cardioversion of supraventricular, 


rentricular, and atrial tachyarrhythmias 


! Maintains normal sinus rhythm 


! Full quinidine cardiodynamics 


i Greater gastrointestinal tolerance 


than with quinidine sulfate* 


! Convenient b.i.d. or t.i.d. dosage 


*Bibliography available upon request. 


WNCATIONS AND USAGE: CARDIOQUIN Tablets are indicated as maintenance therapy after 
intaneous and electrical conversion of atrial tachycardia, tutter or fibrillation and in the treatment 
wemature atrial and ventricular contractions, paroxysmal atrial tachycardia, paroxysmal A-V 
ctional rhythm, atrial flutter, paroxysmal atrial fibrillation, established atrial fibrillation when 
rapyis appropriate, and paroxysmal ventricular tachycardia when not associated with complete 
irtblock. CONTRAINDICATIONS: History of hypersensitivity to quinidine, complete A-V block, 
hplete bundle branch block or other severe intraventricular conduction defects, myasthenia 
Vis, arrhythmias associated with digitalis toxicity, WARNINGS: In the treatment of atrial 
Hation with rapid ventricular response, use digitalis to control ventricular rate prior to administra- 
Lof quinidine. in the treatment of atrial flutter, reversion to sinus rhythm may be preceded by 
gressive reduction in the degree of A-V block to a 1:1 ratio resulting in an extremely high 
incular rate. This potential hazard may be reduced by digitalization prior to administration of 
Vdine. Potentially toxic digoxin plasma levels may occur when quinidine is administered 
currently. Consider reducing digoxin dosage and monitoring for digitalis toxicity Evidence 
juinidine cardiotoxicity (increased P-R and Q-T intervals, 50% widening of QRS, and/or 
tricular ectopic beats or tachycardia) mandates immediate discontinuation of the drug. and/or 
ie clinical and electrocardiographic monitoring. NOTE: Quinidine effect is enhanced by 
assium and reduced in the presence of hypokalernia. Quinidine should be used with extreme 
tion in the presence of incomplete A-V block, since complete block and asystole may result 
nidine may cause abnormalities of rhythm in digitalized patients; therefore, it should be used 
rcaution in the presence of digitalis intoxication. Caution is also called for in patients exhibiting 
al, cardiac or hepatic insufficiency because of potential toxic accumulation of quinidine in 
ima. PRECAUTIONS. A preliminary test dose of a single tablet of quinidine sulfate may be 
)nistered to determine if the patient has an idiosyncracy to quinidine. ECG monitoring and 
»rminatión of plasma quinidine levels are recommended when doses greater than 2.5 g/day are 
Wnistered. Periodic blood counts and liver and kidney function tests should be performed auring 
rterm therapy 
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DRUG INTERACTIONS OF QUINIDINE: 


DRUG 

With anticholinergic drugs 
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A Symposium: Esmolol—An Ultrashort-Acting Intravenous Beta Blocker 


Introduction 


EDMUND H. SONNENBLICK, MD 


Beta-adrenergic stimulation with resultant tachycardia, 


systemic hypertension and arrhythmia may produce | 


adverse consequences in many acute settings, and 
long-term control of these effects by -adrenergic 
blockade is well established. In ischemia, reduction of 
heart rate, contractility and blood pressure reduces 
myocardial oxygen consumption, while the prolonged 
duration of diastole, which occurs with a slower heart 
rate, enhances diastolic coronary blood flow. For these 
reasons, 6-adrenergic blocking agents have been effec- 
tive not only in the treatment of chronic ischemia (an- 
gina), but also in aborting impending myocardial in- 
farction with unstable angina and intermediate 
syndromes. Reduction of the extent of myocardial in- 
farction, once the process has advanced beyond re- 
versible ischemia, is much less clear. Thus, 6-adrenergic 
blocking agents have much to offer therapeutically in 
early ischemia. However, the prolonged action of 
available 8 blockers complicates their use in acute set- 
tings because withdrawal of sympathetic tone when 
extensive myocardial necrosis may have already oc- 
curred and impending failure has ensued could be det- 
rimental. Moreover, bronchospasm or conduction de- 
fects may occur idiosyncratically. Thus, the availability 
of a B-blocking agent such as esmolol, whose action 
is rapid in onset, can be titrated and very rapidly ter- 
minated when required, would provide an important 
safety factor in these settings while testing and treating 
the acute problem. The same applies for use of such an 
agent to treat rapid supraventricular tachycardias. 





From the Department of Medicine, Division of Cardiology, Albert Einstein 
College of Medicine, Bronx, New York. 
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This symposium was held to review the information 
available on esmolol. It begins with an overview of the 
basic pharmacology by Dr. Gorczynski, who concludes 
that esmolol is a cardioselective 8 blocker with minimal 
partial agonist activity or membrane depressant prop- 
erties and has a half-life of approximately 9 minutes. 

Dr. Lowenthal describes the clinical pharmacology, 
pharmacodynamics and drug interaction studies with 
esmolol. He confirms the pharmacologic profile of es- 
molol in humans and reports no clinically important 
effects on vital signs, blood chemistry, hematology or 
drug interactions. The clinical electrophysiology of es- 
molol is described by Dr. Greenspan as typical of, and 
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E. of pr rdübls intensity to, er 8 biokos Its unique 


E Pr advantage | is its rapid onset and reversal of electro- 


E physiologic effects, making it particularly suited for 
. acute antiarrhythmic intervention in clinical situations 
A in which the risk of untoward effects of 8 blockade is 
high. Hemodynamic studies by Dr. Iskandrian, who 
H used noninvasive techniques, demonstrate typical 
E B -adrenergic blocking effects with esmolol. Because the 

A _ efficacy of esmolol in supraventricular tachycardia has 
. been established, Dr. Morganroth undertook a study to 


E - compare esmolol to propranolol for treatment of su- 


_ praventricular tachycardia. He concludes that esmolol, 

_ because of its short half-life and efficacy equal to pro- 

. pranolol, has marked advantages i in the control of su- 

. praventricular tachyarrhythmia in patients in the in- 
p [tensive care unit. 

Drs. Kloner, Kirschenbaum and colleagues describe 

the results of the only study to date of esmolol in pa- 

T. E tients with acute ischemia or infarction. They conclude 

. that esmolol is safe and effective in lowering heart rate 

— and arterial pressure (and, hence, rate-pressure prod- 

. uct) in patients with acute myocardial ischemia and 

infarction and that hemodynamic effects are rapidly 

| reversed after termination of the infusion. In patients 

. With acute ischemia in whom oxygen demand should be 

1 enced, but in whom 6 blockade may precipitate heart 
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failure, bronchospasm, conduction abnormalities or 
hypotension, esmolol may be safer to use than conven- 
tional longer-acting 8 blockers. 

In another acute, intensive care setting Dr. Gray 
compared the effects of esmolol and nitroprusside in 
postoperative hypertension in a crossover study. For 
hypertension early after cardiac surgery, he concludes 
that esmolol is safe, effective and rapid in onset, and 
when compared with nitroprusside, results in less un- 
wanted decrease in diastolic blood pressure and oxygen 
saturation. In addition, heart rate and cardiac index are 
decreased with esmolol, as one anticipates from the use 
of 8-adrenergic blocking agents in general. 

Another potential clinical application of esmolol is 
in the control of perioperative tachycardia and hypet- 
tension in surgical patients at high risk of cardiac 
ischemia. This was studied by Dr. Reves, who believes 
that its rapid onset and elimination make esmolol par- 
ticularly well suited for preventing and treating the 
adrenergic responses to intraoperative stresses, which 
may be very intense but are often brief. 

This early experience with esmolol suggests that it 
will provide an important option to therapy in acute 
clinical settings. We look forward eagerly to the results 
of ongoing studies in acute ischemic settings as well as 
other indications for the use of esmolol. 
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Basic Pharmacology of Esmolol 


RICHARD J. GORCZYNSKI, PhD 





Preclinical studies show that esmolol is an ultrashort- 
acting, cardioselective 8 blocker that possesses mini- 
mal partial agonist action or membrane-depressant 
properties. The electrophysiologic and hemodynamic 
actions of esmolol are the result of 8 blockade. 
No direct, 5 receptor-independent cardiovascular 
actions have been identified with 6-blocking doses in 


laboratory experiments. Because esmolol slows - 


atrioventricular conduction, increases atrioventricular 


Beta blockade has become a well-accepted treatment 
for various cardiovascular diseases, including supra- 
ventricular tachyarrhythmias, hypertension and angi- 
na pectoris.!:? Recently 8 blockade has been shown to 
decrease the long-term mortality rate of survivors of 
acute myocardial infarction.?^* Although use of 6 
blockade in reducing ischemic damage and incidence 
of primary ventricular fibrillation during the acute 
phase of myocardial infarction has been supported by 
several recent clinical trials," the efficacy of 8 
blockers in this setting has not been proved?? and 
necessarily depends on how soon after the onset of 


-. symptoms therapy can be instituted. 


The efficacy of 8 blockers in the treatment of supra- 
ventricular tachyarrhythmias hinges on their well- 
known effect of slowing conduction through, and of 
increasing the refractoriness of, the atrioventricular 
(AV) node. These actions are primarily a result of 
inhibition of sympathetic influences via blockade of 8 
receptors.!? 

It is generally accepted that some degree of sympa- 
thetic activation accompanies acute ischemic insults 
to the heart as a result of either physiologic or psycho- 
logic stimuli or both.!!? Moreover, ample evidence 
shows that in the presence of a defect in oxygen deliv- 
ery to the myocardium, increases in sympathetic tone 
can initiate ischemia, infarction and arrhythmia by 
producing an increase in myocardial oxygen demand 
and perhaps in some instances by further reducing 


From the Department of Pharmaceutical Research, American Critical 
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refractoriness and decreases the determinants of myo- 
cardial oxygen demand, it should have use in the treat- 
ment of supraventricular tachycardias and acute myo- 
cardial ischemia. Esmolol, because of its ultrashort — 
duration of action, should be safe for the induction 
of 8 blockade in patients who are critically ill and is ide- 
ally suited for rapidly changing levels of 6 blockade in — 
this clinical situation. 

(Am J Cardiol 1985;56:3F- 13F) 


myocardial oxygen supply. Because the deleterious ef- 
fects of sympathetic activity on the heart are mediated 
primarily via 6-adrenergic receptors, 8 blockade can 
lessen the severity of ischemia by reducing the heart's 
oxygen need and, possibly, by augmenting myocardial . 
oxygen supply.?? 

What is far from clear, however, is the degree to 
which sympathetic support of the normal areas of the 
heart compensates for local dysfunction of hypoper- 
fused areas. Although this undoubtedly occurs in 
acute myocardial ischemia, the degree to which cardi- 
ac function is dependent on the sympathetic nervous 
system is usually unknown at the time of therapy and, 
therefore, the hemodynamic effects of 8 blockade in 
this setting are difficult to predict. Thus, the possibili- 
ty of inducing cardiac failure is always a risk.^* A 
related concern is the risk associated with the use of 
8 blockers in patients with coronary artery disease — 
during anesthesia to blunt the tachycardia and hyper- 
tension response to general surgical stimuli. These 
responses can provoke myocardial ischemia and in- 
farction in such patients during surgery.!?!6 Although 
8 blockers can control the phenomenon, the presence 
of 8 blockade may become problematic during either 
surgery or the postoperative recovery period, when 
cardiac function is usually decreased." 

In 1982, Zaroslinski et al!? described the concept of 
ultrashort-acting 8-adrenergic blockers; they envi- 
sioned a compound that is extensively and rapidly 
metabolized to inactive products much the same as 
catecholamines or nitroglycerin. Such a short-acting 
compound could then be administered by constant 
intravenous infusion to provide for controlled levels of 
8 blockade that could be titrated and rapidly altered if 
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. FIGURE 1. Molecular structure of esmolol (ASL-8052). 


required. An ultrashort-acting 8 blocker was expected 
to be a much safer type of 8 blocker to use in critical 
care situations in which 8-blocker therapy is required, 
such as unstable angina, acute myocardial infarction, 


. and surgically induced tachycardia, tachyarrhythmias 
and hypertension. If deleterious hemodynamic effects 


or cardiac failure occurred as a result of 8 blockade 


. with an ultrashort-acting 8 blocker, rapid recovery of 


function could be attained within minutes by simply 


reducing the infusion rate or ceasing administration 


= completely. 


Recent reports have outlined the molecular ap- 


. proaches to the design and development of ultrashort- 


acting 8 blockers.!?-?? From this work, esmolol, which 


; is a cardioselective 6 blocker that possesses an ex- 
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tremely short duration of action, was subsequently 
identified!? and characterized.19.23-25 


Beta-Blocking Potency and Duration of Action 
Esmolol (ASL-8052) (Fig. 1) is a phenoxypropanola- 


mine, a molecular structure characteristic of conven- 
tional, second-generation 8 blockers. Also, esmolol 
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contains an ester functionality in the para-position of 
the phenyl-ring. The presence and location of this 
ester are of fundamental importance in the determina- 
tion of esmolol’s cardioselectivity as well as its ultra- 
short duration of action.!? 

In initial in vitro experiments (Fig. 2), esmolol 
caused parallel, rightward shifts in isoproterenol con- 
centration-response curves in guinea pig right atria 
and trachea.’ The degree of rightward shift was con- 
centration-dependent and the antagonism was always 
fully surmountable given sufficiently high doses of 
agonist. The Schild plots illustrated in Figure 3 indi- 
cate the linear relation between the concentration of 
esmolol and the degree of rightward shift in both tis- 
sues. The slopes of these relations did not differ signif- 
icantly from 1, indicating that esmolol is indeed a 6- 
receptor antagonist. In atria esmolol had a pA; of 7.0 
indicating that it is about 30-fold less potent than 
propranolol, and about equipotent to metoprolol in 
this tissue. These data also indicate that esmolol was 
approximately 43-fold more potent at 8 receptors in 


atria than in trachea (pA; = 5.3). 


The duration of action of esmolol was determined in 
barbiturate-anesthetized dogs.?? The tachycardia and 
hypotension responses to a submaximal bolus dose of 
isoproterenol were measured before and at 10-minute 
intervals during and after 3 hours of continuous infu- 
sion of esmolol at different doses. Identical experi- 
ments were performed with propranolol for compari- 
son. Esmolol caused a dose-dependent decrease in 
tachycardia responses. Steady-state levels of B block- 
ade were achieved within 10 to 20 minutes of each 
infusion (Fig. 4). In contrast, blockade with proprano- 
lol progressively increased throughout most of the in- 
fusion period. The dose of esmolol that produced 50% 
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FIGURE 2. Isoproterenol concentra- 
tion-response curves in A, isolated 
guinea pig right atria and B, trachea, in 
the absence and the presence of 3 
concentrations of esmolol in separate 
experiments. 
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inhibition of the tachycardia response to isoproterenol 
was 50 ug/kg/min. After termination of the esmolol 
infusion, 8 blockade rapidly and dramatically de- 
creased such that 20 minutes after esmolol no signifi- 
cant 8 blockade was detectable regardless of dose. This 
was in direct contrast to results obtained with pro- 
pranolol, which indicated only minimal recovery from 
8 blockade during the postinfusion observation period 
(up to 1 hour). Subsequent studies in conscious dogs, 
rabbits, rats and humans have confirmed that esmolol 
has a very short duration of action regardless of the 
species in which it is studied. 

Although esmolol caused dose-dependent blockade 
of isoproterenol-induced tachycardia, it had no signifi- 
cant blocking effect on the hypotensive responses to 
isoproterenol (Fig. 5). This was in contrast to a rather 
dramatic blockade of isoproterenol-induced hypoten- 
sion caused by propranolol. Thus, the cardioselective 
nature of 8 blockade with esmolol was clearly in evi- 
dence in this study. 

The cardioselectivity of esmolol observed in vitro 
was further investigated in vivo using a constant flow 
perfused hindlimb preparation in pentobarbital-anes- 
thetized, ganglion-blocked dogs. Tachycardia and 

| hindlimb vasodilator responses to a submaximal dose 
of isoproterenol were measured before and during con- 
tinuous intravenous infusion of esmolol at doses 
that were increased at 10-minute intervals. Similar ex- 
periments were conducted with metoprolol and pro- 
pranolol for comparative purposes. Esmolol caused 
dose-dependent blockade of isoproterenol-induced 
tachycardia, but produced only minimal blockade of 
isoproterenol-induced vasodilation (Fig. 6). These re- 
sults were similar to those obtained with metoprolol, a 
cardioselective 8 blocker, but were different from 
those obtained with propranolol, which produced non- 
selective 8 blockade. When the effects of larger doses 
of esmolol were examined, blockade of vascular 6 re- 
ceptors occurred, but equivalent levels of vascular 8 
blockade required a dose of esmolol that was 100-fold 
greater than that required for cardiac 8 blockade. 
These data, therefore, confirm and extend in vitro 
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FIGURE 3. Schild plots obtained with esmolol in guinea pig right atria 
and trachea with isoproterenol as agonist. 





data that initially suggested that esmolol was a cardio- 


selective B blocker. 


Ancillary Properties 


Esmolol produced slight (<10%) increases in the 
rate of contraction of guinea pig right atria isolated 
from catecholamine-depleted animals at concentra- 
tions of 107? to 10-5 M (Fig. 7). The compound pro- 
duced a concentration-dependent depression in atrial 
rate at concentrations »10-* M. Esmolol had no effect 
on developed tension of left atria isolated from reser- 
pinized guinea pigs at concentrations S10? M. Con- 
centration-dependent depression in force was ob- 
served at higher concentrations. 

Thus, only minimal partial agonist action was ob- 
served in isolated atria; in contrast, direct cardiac de- 
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FIGURE 4. Percent inhibition of isoproterenol-induced tachycardia 
throughout a 3-hour constant intravenous infusion of esmolol (3 infu- 
sion rates) and propranolol, and recovery from B blockade after 
termination of G-blocker infusion. 
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FIGURE 5. Isoproterenol-induced decreases in diastolic arterial pres- 
sure before, during and after a 3-hour constant intravenous infusion of 
esmolol (3 infusion rates) and propranolol. C — control response to 
isoproterenol in the absence of esmolol or propranolol. 
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pression, which is a measure of myocardial membrane 
depression, occurred only at very high concentrations 
with esmolol. This latter finding suggests that esmolol 
possesses only slight membrane-depressant action 
and this has been confirmed by other related studies. 
Esmolol had no effect on conduction in the frog sciatic 
nerve at concentrations 20.1 M and did not af- 
fect corneal sensitivity in conscious rabbits at similar 
concentrations. 

To examine further the direct effects of esmolol on 
cardiac tissue, studies were conducted in catechol- 
amine-depleted, anesthetized dogs pretreated with re- 
serpine.^^ Esmolol had no effect on heart rate, arterial 
blood pressure, left ventricular (LV) dP/dt or right 
ventricular contractile force at an intravenous dose of 
«500 ug/kg/min. Higher doses produced dose-depen- 
dent decreases in heart rate, arterial blood pressure 
and contractility and increases in LV end-diastolic 
pressure (EDP). These effects are likely a result of 
direct membrane depression and are characteristic of 
high doses of many 8 blockers. Of particular interest, 
however, is that in contrast to long-acting 8 blockers, 
direct cardiac depression with esmolol is rapidly re- 
versible, as shown in Figure 8. In the dog whose data 
are shown in this figure, esmolol was infused at as- 
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FIGURE 7. Direct effects of esmolol on developed tension of A, 
isolated paced guinea pig left atria and on spontaneous rate of 
contraction of B, isolated guinea pig right atria from reserpine-treated 
animals. Arrow indicates control values. 





FIGURE 6. Percent inhibition of iso- 
proterenol-induced increases in heart 
rate (HR) and decreases in hindlimb 
perfusion pressure (PP) in ganglion- 
blocked dogs with esmolol (left), me- 
PROPRANOLOL toprolol (middle) and propranolol 
(N-6) (right), plotted as function of dose. 
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cending dosages of 300 to 3,800 ug/kg/min at 10-min- 
ute intervals. At the end of the highest infusion rate, 
mean arterial pressure was approximately 15 mm Hg, 
contractility was severely depressed and LVEDP was 
dramatically increased. Cardiovascular recovery 
began within 1 minute after termination of esmolol 
infusion; essentially complete recovery occurred in ap- 
proximately 10 minutes. Thus, although direct cardio- 
vascular depression can be seen at extremely large 
doses of esmolol that would never be used clinically, 
the ultrashort duration of action of the compound 
provides a reassuring margin of safety in the event of 
an overdose. 
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FIGURE 8. Original polygraph recording showing recovery of hemo- 
dynamic variables after high infusion rates of esmolol in a catechol- 
amine-depleted, vagotomized dog. Left, predrug values. Right, to left 
of arrow, cardiovascular depression induced by large-dose rates of 
esmolol (3.8 ug/kg/min for 10 minutes). Infusion was terminated at 
arrow. BP — blood pressure; HR — heart rate; LVEDP - left ventricu- 
lar end-diastolic pressure; LVP = left ventricular pressure; RVCF = 
right ventricular contractile force. 





= vu M Tw iE TF ate e; cum C F "E xf “te, PE = — 
v.d ` ee ; < M “x f 
" " 


a 
ERE otal 


Hemodynamic Effects of Esmolol 

Brief intravenous infusions of esmolol (20 minutes) 
at doses of 5 to 160 ug/kg/min had no effect on arterial 
pressure, LVEDP, cardiac output, heart rate or pe- 
ripheral vascular resistance in chronically instrument- 
ed, trained, conscious dogs (Figs. 9 and 10). Esmolol, 
however, produced a dose-dependent decrease in max- 
imal LV dP/dt (2396 at the largest dose), which fully 
recovered by 20 minutes after completion of the high- 
est infusion rate of esmolol. Qualitatively similar ef- 
fects were observed with short intravenous infusions 
of metoprolol and propranolol in the same experimen- 
tal animals using doses that produced similar degrees 
of 8 blockade; however, propranolol and metoprolol in 
larger doses also decreased cardiac output and in- 
creased peripheral vascular resistance by about 30%. 
Propranolol also caused a small decrease in heart rate 
at larger doses. 

In contrast to results with esmolol, however, the 
hemodynamic and electrocardiographic effects of me- 
toprolol and propranolol were not diminished 20 min- 
utes after administration of the largest dose. These 
data suggest that although esmolol lowered LV dP/dt 
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FIGURE 9. Hemodynamic effects of esmolol, propranolol and meto- 
prolol in trained, chronically instrumented, conscious dogs. Number 
beneath columns refers to doses administered, expressed as 
ug/kg/min for esmolol and „g/kg, cumulative, for propranolol and 
metoprolol. * p <0.05 vs control. C = predrug control value and R = 
value after 20 minutes of recovery, after infusion of each drug. DBP = 
diastolic blood pressure; HR = heart rate. 
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in a dose-dependent fashion, as did propranolol and 
metoprolol, this effect did not influence cardiac out- 
put, whereas cardiac output decreased with the stan- 
dard 8 blockers. Unlike propranolol and large doses of 
metoprolol, esmolol did not increase peripheral vascu- 
lar resistance. 

In pentobarbital-anesthetized, vagotomized dogs, 
esmolol produced more marked hemodynamic 
changes than were seen in conscious dogs.” Thus, es- 
molol (5 to 160 ug/kg/min) produced dose-dependent 
decreases in heart rate, LV dP/dt and right ventricular 
contractile force, which amounted to 15%, 35% and 
35% reductions, respectively, with the largest dose 
tested. Esmolol also produced a very small decrease in 
diastolic blood pressure, which at maximum for this 
dose range averaged <10%. When autonomic tone was 
eliminated in these dogs by ganglion blockade, the 
same doses of esmolol did not significantly affect these 
variables. 

The direct vascular effects of esmolol were exam- 
ined in constant flow perfused hindlimbs of pentobar- 
bital-anesthetized, ganglion-blocked dogs. Esmolol 
had no effect on hindlimb perfusion pressure at intra- 
venous doses up to and including 1,280 ug/kg/min 
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FIGURE 10. Hemodynamic effects of esmolol, propranolol and meto- 
prolol in trained, chronically instrumented, conscious dogs under 
same conditions as described in Figure 9. * p <0.05 vs control. CO = 
cardiac output; LVEDP = left ventricular end-diastolic pressure; TPR 
= total peripheral vascular resistance. 
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Effect of Esmolol on Hindlimb Perfusion Pressure 
Responses to Norepinephrine in Ganglion- 
Blocked, Propranolol-Treated Dogs (n — 4) 


Norepinephrine Dose 


Hindlimb Perfusion Pressure (mm Hg) 


(ng/kg, i.a.) 28 56 112 
Control 31 d 8 40+ 8 589 
Esmolol* 

100 314018 41:18 5949 
200 33 + 8 44 0-9 6219 
400 35 + 7 44+9 62+8 
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Data are mean + standard error of the mean. 
* In ug/g/min, intravenously. 
i.a. = intraarterial. 


(Fig. 11). It induced slight vasoconstriction upon close 
intraarterial infusion over the range of 45 to 360 


. ug/kg/min. The maximal increase in perfusion pres- 


sure observed with intraarterial dosing was 19 + 6 mm 
Hg at a dose of 180 ug/kg/min. These results indicate 
that esmolol is devoid of direct vascular action at dos- 


ages that are within or above the 8-blocking dosage 


range, but suggest that extremely large dosages may 
cause vasoconstriction. 

To investigate the possibility that esmolol may pos- 
sess some degree of a-adrenergic blocking action, 
hindlimb vasoconstriction responses to norepineph- 


rine were examined before and during infusion of es- 


molol at increasing doses.? Esmolol did not modify 
the norepinephrine dose-response curve (Table I). 


. Also, the drug did not modify hindlimb vasoconstric- 
. tor responses elicited by stimulation of the ipsilateral 
sympathetic chain (Fig. 12). In these studies in the 
neurally intact hindlimb, esmolol had a tendency to 
. produce vasoconstriction, although this was not statis- 
-tically significant. Thus, esmolol does not interfere 


_ with peripheral sympathetic nerve function, is not a 


vasodilator and does not produce a blockade in the 


. canine hindlimb. 
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FIGURE 11. Direct effects of esmolol on vasculature of canine 
hindlimb, perfused at constant flow. Animals were vagotomized and 
pretreated with hexamethonium bromide to produce ganglion block- 
ade before administration of esmolol. 
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The effects of esmolol on cardiac hemodynamics, 
coronary blood flow and myocardial oxygen consump- 
tion were also studied.  Esmolol at 310 ug/kg/min 
produced significant decreases in heart rate and LV 
dP/dt but had no effect on arterial blood pressure or 
myocardial oxygen extraction (Fig. 13). Esmolol re- 
duced myocardial oxygen consumption and slightly 
increased coronary vascular resistance. Esmolol also 
completely eliminated cardiostimulation in response 
to isoproterenol. These effects are well-known charac- 
teristics of 8 blockade and form the basis for the use 
of these agents for the treatment of ischemic heart 
disease. 

Electrophysiologic effects of esmolol: The ef- 
fects of esmolol on cardiac transmembrane potential 
were examined in vitro using a variety of different 
cardiac tissues and conventional microelectrode tech- 
niques. Esmolol had no effect on the frequency or 
character of spontaneous activity in the isolated rabbit 
sinus node, nor did it alter the action potentials of AV 
nodal cells at concentrations of € 107? M. 

The effects of norepinephrine on sinus rate and AV 
nodal conduction, however, were blocked by esmolol 
at concentrations of 107? to 107? M. The compound 
also blocked triggered activity induced by norepineph- 
rine in canine atrial fibers within the same concentra- 
tion range. In canine Purkinje fibers, esmolol at 1077 
and 10~° M slightly increased resting membrane po- 
tential, perhaps indicative of the small degree of par- 
tial agonist activity previously observed in isolated 
atria. The drug had no effect on other measures of the 
Purkinje fiber action potential at concentrations of 
<10- M. Higher concentrations produced a decrease 
in action potential amplitude, maximum rate of depo- 
larization and action potential duration indicative of 
membrane depression. Esmolol also blocked norepi- 
nephrine-induced automaticity and slow responses in 
canine Purkinje fibers within the lower concentration 
range. These results are characteristic of 8 blockers in 
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FIGURE 12. Lack of effect of esmolol (300 ug/kg/min) on perfusion 
pressure responses to isoproterenol, 10 ng/kg, intraarterially, norepi- 
nephrine, 100 ng/kg, intraarterially, and sympathetic chain stimula- 
tion in the constant flow-perfused canine hindlimb. 6 = saline; Il = 
esmolol. 
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TABLE || Effect of Esmolol on Sinus Node Recovery Time 
(SNRT), Conduction Intervals and AV Nodal 
Refractoriness in Anesthetized Dogs (n = 8) 

Control Esmolol* p 
SNRT (ms) 416+ 13 544+ 19 «0.05 
A-H (ms) 65 +6 86 + 6 <0.05 
H-V (ms) 33 + 2 32 £2 
RRP (ms) 243 +6 268 + 5 <0.05 
FRP (ms) 226+ 4 266+ 8 <0.05 
AVN-W (ms) 184 X 9 233 + 11 «0.05 


* Esmolol infused intravenously at 310 ug/kg/min. 
AVN-W = AV nodal-Wenckebach cycle length; FRP = functional 
recovery period; RRP = relative refractory period. 


general and indicate that esmolol lacks direct, phar- 
macologically significant electrophysiologic effects at 
reasonable 8-blocking concentrations. 

The effects of esmolol on intracardiac conduction in 
intact hearts was studied in pentobarbital-anesthe- 
tized, open-chest dogs instrumented for recording of 
right atrial, right ventricular and His bundle electro- 
grams. Conduction intervals, sinus node recovery time 
and AV nodal refractory periods were measured before 
and during constant intravenous infusion of esmolol at 
310 ug/kg/min. The AV nodal Wenckebach cycle 
length was also determined during incremental atrial 
pacing. At the basic cycle length of 300 ms, esmolol 
significantly lengthened the sinus node recovery time 
and the A-H conduction interval (Table II). The H-V 
interval, however, was not affected by the drug. These 
changes were also associated with significant increases 
in the relative and functional refractory periods and 
AV nodal Wenckebach cycle length during esmolol 
infusion. These observations are characteristic of 8 
blockers and form the basis for their use in controlling 
elevated ventricular rate resulting from supraventric- 
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FIGURE 13. Effects of esmolol (310 as 
ug/kg/min) on hemodynamics, coro- + 
nary blood flow (CBF) and myocardial M 
oxygen consumption (MVO;). Asterisk x 
above C indicates that esmolol signifi- 
cantly (p <0.05) reduced the variable. 4a &— —42 
The effect of isoproterenol (ISO) infu- C ISO 
sion (0.25 ug/kg/min for 10 minutes) T 


on these variables was also measured 
in the absence and presence of esmo- 
lol. Asterisk above ISO indicates a sig- 
nificant change in the variable by iso- 
proterenol at the p «0.05 level vs 
control. DBP = diastolic blood pres- 
sure; HR — heart rate; SBP — systol- 
ic blood pressure; 6 — saline; M — 
esmolol. 
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TABLE Ill Effect of Esmolol on the Incidence of 





Ventricular Fibrillation (VF) After Abrupt 
Coronary Artery Occlusion in Anesthetized 
Dogs 
Control Esmolol 
(n = 6) (n = 6) 
No VF 2 6 
p «0.05 
VF 4 0 





ular tachycardia or for interruption of reentrant path- 
ways involving the AV node. Esmolol-induced slowing 
of AV conduction and increased AV refractoriness are 
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likely a result of inhibition of sympathetic tone in - 


these animals, because in vitro the drug had no direct 
effect on the AV node at 8-blocking concentrations. 


Effects of esmolol on manifestations of myocar- | 
dial ischemia: Intravenous infusion of esmolol at 150 — 
ug/kg/min in anesthetized dogs decreased the inci- | 


dence of spontaneous ventricular fibrillation induced — 


by abrupt occlusion of the left anterior descending and 
anterior septal coronary arteries (Table III). In this 
study, esmolol decreased heart rate but had no signifi- 
cant effect on mean arterial blood pressure. 


Pharmacodynamics and pharmacokinetics of - 
esmolol: Because the concept of ultrashort-acting B — 


blockers reflects a pharmacokinetic departure from 
conventional agents and because the primary use of an 
ultrashort-acting 8 blocker is to enable titratable 6 


blockade, the pharmacokinetic and pharmacodynamic 


characteristics of esmolol are of singular importance. 
These properties were characterized in anesthetized 


dogs in which blood levels of esmolol were determined - 
by either gas chromatographic methods or use of car- - 


bon-14-labeled compound. Both methods require im- 
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TABLE IV Effect of Plasma on Red Blood Cell (RBC) 


5 Esmolol Esterase Activity in Dog Blood 
eC CSC 
; Fraction 


d % Whole Blood Activity* 
3 Washed RBCs 
y + boiled plasma 52.4 + 2.4 (2) 

+ 25% plasmat 65.4 

+ 50% plasma 72.3 


+ 100% plasma 92.3 + 10.4 (4) 
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+ <10K plasma fraction? 55.0 + 4.5 (2) 
+ <100K plasma fraction 55.0 + 4.7 (2) 
+ <300K plasma fraction 75.0 + 7.4 (2) 
id + >300K plasma fraction 101.3 + 2.4 (2) 


M 2 


... * The in vitro half-life in dog blood was 12.7 + 4.8 minutes (4). 
. Values are expressed as mean + standard deviation. 
. 1 The percentages refer to the amount of plasma in 1 ml of blood. 
* Plasma fractions were collected using an Amicon Ultra-Filtration 
F system. 
K The numbers in parentheses equal the number of experiments. 


i 
E mediate esterase inhibition because of the rapid me- 
: tabolism of esmolol in blood and subsequent separa- 
_ tion of esmolol from its primary acid metabolite using 
. accepted analytic techniques. 

— Two independent studies in dogs have shown excel- 
. lent correlation between the time course and degree of 
- B blockade and the esmolol concentration in blood. In 
: Istudy,” esmolol was infused at 3 dosages, each main- 
_ tained for 1 hour. The degree of 8 blockade was tested 
_ at 10-minute intervals. Steady-state levels of 8 block- 
_ ade were rapidly induced by esmolol infusion and the 
_ degree of blockade was dose-dependent. Also, 8 block- 
ade rapidly decayed after esmolol infusion ended. 
- These effects closely followed the blood levels of esmo- 
- ]ol. Thus, steady-state levels of esmolol were quickly 
h established and closely followed the infusion rates. 
. Also, the esmolol blood levels rapidly declined after 
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the end of infusion in parallel with the degree of 8 
blockade. An excellent linear relation between the log 
of the steady-state blood level of esmolol and the de- 
gree of 8 blockade was observed. The average concen- 
tration of esmolol, which produced 5096 inhibition of 
isoproterenol-induced tachycardia, was 185 + 40 
ng/ml in this study. 

An additional study examined more closely the on- 
set characteristics of 8 blockade with esmolol.2’ In this 
study a 500 ug/kg/min loading dose of esmolol was 
administered for 1 minute followed by a maintenance 
infusion at varying doses. To examine the onset of 8 
blockade on a moment-to-moment basis, a constant 
intravenous infusion of isoproterenol was used to pro- 
vide a continuous stimulation of 8 receptors. Figure 14 
shows the time course of both 8 blockade and the 
esmolol blood level during and after 3 infusions of 
esmolol. The onset of 8 blockade was extremely rapid, 
following within seconds of initiation of esmolol ad- 
ministration. Peak blockade occurred within 5 min- 
utes at each dose. Good correlation between the level 
of esmolol and the degree of blockade was achieved 
except at the earliest time, at which the degree of 
blockade lagged behind the blood levels of the drug, 
which were changing rapidly during this period. There 
was excellent correlation between the decay of blood 
levels postinfusion and the decay of 8 blockade in 
these experiments. In both this study and the previ- 
ously described studies, the postinfusion esmolol con- 
centration decayed with a disappearance half-life of 
approximately 10 minutes. 

The pharmacokinetic profile of esmolol was deter- 
mined in conscious dogs after a single intravenous 
bolus of 10 mg/kg and after a continuous intravenous 
infusion of 200 ug/kg/min for 2 hours.?? The key phar- 
macokinetic parameters of esmolol were similar after 
bolus and intravenous infusions. A rapid decrease in 
the esmolol blood concentration occurred, in part as a 
result of distribution from blood to tissue but, more 
importantly, due to rapid metabolism of the com- 


FIGURE 14. Relation between the 
time course and magnitude of 9 block- 
ade and the change in blood concen- 
trations of esmolol during and after 
infusion of esmolol. Percent inhibition 
refers to the inhibition of isoprotere- 
nol-induced tachycardia. Esmolol 
doses were 12.5, 25 and 50 ug/ 
kg/min, each preceded by a loading 
dose of 500 ug/kg/min. 
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pound by blood esterases during transport through the 

vascular bed. The latter conclusion is supported by the 

finding that the total body clearance of esmolol (350 

oo is greater than resting cardiac output in 
ogs. 

Metabolism of esmolol: The major pathway of es- 
molol metabolism is hydrolysis of the methyl ester, 
resulting in methanol and the primary acid metabo- 
lite, ASL-8123.? Although the metabolite can be 
shown to produce 8 blockade, it possesses extremely 
low affinity for 8 receptors, with a pA» of 3.8. Thus, 
ASL-8123 is 1,500-fold less potent than esmolol. 

Metabolism of esmolol takes place rapidly and ex- 
tensively in whole blood, and in both dog and human 
blood the esterase is located in red blood cell cytosol. 
Unlike most therapeutic agents containing esters, es- 
molol is totally unaffected by plasma cholinesterase. 
Under standard in vitro conditions the half-life of es- 
molol in dog and human whole blood was 12.5 and 27.1 
minutes, respectively. For full enzymatic activity the 
esmolol esterase in red blood cell cytosol requires a 
heat labile, high-molecular-weight plasma component 
(Table IV). Washed red cells from dogs contain only 
half of the original activity of whole blood. Activity is 
restored by re-addition of plasma or a high-molecular- 
weight plasma fraction. The enzyme is not inhibited to 
any significant degree by cholinesterase inhibitors 
such as physostigmine or echothiophate, but is totally 
inhibited by sodium fluoride. 

No metabolic interactions have been observed be- 
tween esmolol and other ester-containing molecules of 
clinical relevance. These findings are consistent with 
esmolol being metabolized by a blood esterase differ- 
ent from these agents. Also, in anesthetized dogs, es- 
molol infusion of 100, 300 and 500 ug/kg/min did not 
modify the magnitude or duration of neuromuscular 
blockade in response to succinylcholine. 
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Discussion 


1 Dr. Reves (Durham, North Carolina): I was intrigued 
- with your intact dog data that showed dose-dependent ef- 
.. fects in left ventricular dP/dt, right heart contractile force 
. and heart rate. It seemed to me that in decreases in contrac- 
. tility, the slope was steeper than with heart rate, which is 
_ what we have seen, too. How does this compare with other 
. drugs, and do you think this is more of a negative inotrope 
_ drug than a negative chronotrope? 


Dr. Gorezynski (McGaw Park, Illinois): I do not know for 
. sure; the contractility decreases are confounded by the fact 
. that heart rate also decreases. A proper comparison would be 
. to compare the slopes when you pace the animals—compar- 
. Ing the slope of dP/dt under pacing conditions with the slope 
. of heart rate. I think two things are going on: a decrease in 
. heart rate, which by itself is probably going to decrease 
. contractility (i.e., negative staircase), and then there is the 
. added effect of esmolol on top of that. 


s Dr. Reves: But how does esmolol compare with some- 
. thing like propranolol? 

— Dr. Gorczynski: They are very similar, in our hands at 
. least. 

d . Dr. Reves: The slopes look the same? 
—. Dr.Gorczynski: Yes. 


Dr. Sonnenblick (Bronx, New York): I think one thing 
_ ought to be clarified. In terms of reducing contractility, how 
: directly toxic is the drug to the myocardium? In your find- 
ings, there was very little evidence of it. On the other hand, 
the clinical state of the animal and his level of catechol- 
amines is going to be secondary, which is withdrawal of 
. catecholamines—which is not a direct depression of the 
_ heart. Just by withdrawing catecholamines, the heart rate 
. usually will be more affected than the contractility. In most 
_ -blocker preparations, you can lower heart rate with small 
. amounts of 8 blockade, and then it takes more drug to pro- 
duce decreases in contractility. I am not sure why one neces- 

. sarily has to have a parallel between the two. 


| 

Dr. Morganroth (Philadelphia, Pennsylvania): Dr. Son- 
 nenblick, how would you go about comparing esmolol with a 
_ drug such as propranolol in terms of direct negative inotro- 
pic effect? In our supraventricular tachycardia data, esmolol 
had a more profound effect on blood pressure than propran- 
. olol, which, of course, has some theoretical benefits in a 
_ postoperative cardiac surgery patient. But the question is 
_ whether there is a way to isolate, in a model, the negative 

inotropic effects in a comparative manner. 
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Dr. Sonnenblick: In the absence of catecholamines, look- 
ing at the tissue directly reveals no difference. But once you 
have rapid tachycardia with a high catecholamine state, the 
clinical response is not just in the myocardium, and the 

- blood pressure is usually not a function of contractility, 
unless the cardiac output is very limited. I think you may be 


looking at separate effects. I would not equate blood pres- 
sure with contractility. 


Dr. Morganroth: Therefore, the differential effects will 
show later, and apparently with esmolol the differences may 
just be due to an unbalanced group in terms of homogeneity 
of these factors. 


Dr. Gorczynski: Keep in mind also that when you com- 
pare esmolol with propranolol, it is like comparing apples 
and oranges. Reflex vasoconstriction is always greater in the 
presence of propranolol than it is in the presence of a very 
cardioselective 8 blocker. 


Dr. Sonnenblick: I think another thing that will come out 
in the clinical pharmacology section is that all the 8 blockers 
will drop cardiac output acutely. The vascular responses to 
that in the periphery can be somewhat complex, but that 
does not directly mean that the myocardium is depressed; I 
think this points out that it may be a separate issue. 


Dr. Gray (Los Angeles, California): You have shown that 
the half-life is very short and the clearance rate is very rapid. 
Most of your experiments appear to be over a relatively short 
period of infusion. I think there was one where you went up 
to 200 minutes. Have you any experience with longer infu- 
sions, or any reason to believe that if you have longer 
infusions, there would be a different metabolic clearance 
rate or different duration of action? 


Dr. Gorezynski: Yes, we have given it for up to 5 hours to 
determine pharmacologic effects and found a very short 
half-life. We have also, in our toxicity studies, gone up to 14 
days of continuous administration and found blood levels 
fall just as rapidly. 


Dr. Gray: This is in the intact dog? 
Dr. Gorezynski: Yes. Conscious dogs. 


Dr. Morganroth: You should not necessarily limit esmo- 
lol to patients with ischemic heart disease because the use of 
B blockers in patients with cardiomyopathy is an interesting 
problem. This may be an ideal agent to screen patients for 
those who may do well with 8 blockade in general idiopathic 
cardiomyopathy. 

Dr. Sonnenblick: Absolutely. 


Dr. Kirshenbaum (Boston, Massachusetts): We tried to 
answer that question. Every patient in the ischemic 
study—with acute infarct or unstable angina—who tolerat- 
ed esmolol was able to go on to an oral 8 blocker and tolerate 
that with roughly equivalent heart rate reductions. It is hard 
to say exactly equivalent, because the clinical situation in 
the acute ischemic episode versus several days later obvious- 
ly changes. The other way around is the fact that some 
patients failed to tolerate esmolol when they were acutely ill. 
We did not predict that they would not tolerate an oral long- 
acting 8 blocker several days down the line, but, again, their 


clinical hemodynamic state was very different 3 or 4 days 
later. We found it very convenient that if a patient tolerates 
esmolol, we were very comfortable about starting a long- 
acting cardioselective 8 blocker, without concern over pre- 
cipitating significant failure or hypotension. 


Dr. Iskandrian (Philadelphia, Pennsylvania): I think it is 
very important for clinical research to determine that an- 
swer. There are many patients in that group and they are 
facing cost containment pressures plus the hesitation about 
surgery in such patients. Many are resorting to 8 blockers for 
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them, and it would be convenient to be able to tell the 
physician in a couple of hours: Yes, your patient would. 
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tolerate x amount of drug if he can tolerate the infusion of a 


very short-acting 9 blocker. 


Dr. Gorezynski: The only problem with this approach is 
that showing that someone can tolerate 8 blockade with 
esmolol at one point in time really does not have strong 
predictive value in estimating what that patient can tolerate 


at another point in time if autonomic conditions are chang- . 


ing, such as in acute myocardial infarction. 
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Clinical Pharmacology, Pharmacodynamics 
and Interactions with Esmolol 


DAVID T. LOWENTHAL, MD, R. STEPHEN PORTER, PharmD, STEVEN D. SARIS, MD, 
CAROL M. BIES, RN, MARY BETH SLEGOWSKI, BS, 
and ALLISON STAUDACHER, MT, ASCP 


The clinical pharmacology and pharmacodynamic 
data from several clinical trials are summarized. The 
pharmacokinetic profile of esmolol alone and in the 
presence of digoxin, morphine and warfarin was 
studied. Conversely the effect of esmolol on these 
drugs was monitored. No clinically important effects 


Esmolol HCl is an ultrashort-acting, cardioselective 
B-adrenergic blocking agent proposed for use in the 
therapy of supraventricular tachyarrhythmias, peri- 
operative tachycardia and hypertension, postoper- 
ative hypertension and acute myocardial ischemia.! 
Esmolol's short half-life (approximately 9 minutes) 
provides an element of safety in treating critically ill 
patients that is not present in currently available 
8-blocking agents. In animals esmolol has been shown 
to have 1/40 of the 8-blocking potency of propranolol.? 
Esmolol demonstrated no intrinsic sympathomimetic 
activity in animals and no significant membrane stabi- 
lizing activity at therapeutic dosages. Esmolol inhibits 
the 8; receptors located chiefly in cardiac muscle, but 
at 40- to 100-fold higher doses it also inhibits 8» re- 
ceptors located chiefly in the bronchial and vascular 
musculature, respectively. This report summarizes the 
clinical pharmacology data of esmolol from several 
‘studies. 


Metabolism and Pharmacokinetics 


Esmolol is metabolized by esterases that are located 
in red blood cells and not by plasma cholinesterases.? 
The hydrolysis of the esmolol ester results in the for- 
mation of an acid metabolite (ASL-8123 or 3-[4-(2- 
hydroxy-3-(isopropylamino)propoxy)-phenyl]propionic 
acid) and methanol. In vitro and in vivo animal studies 
have shown that the acid metabolite is only 1/320 as 
potent as esmolol as a -adrenergic blocking agent. 
Methanol blood levels, monitored in subjects receiving 
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were observed on vital signs, blood chemistry or 
hematology. The pharmacokinetic interactions as- 
sociated with administration of these drug combi- 
nations were statistically significant in several 
cases, but they were not considered to be of clinical 
importance. (Am J Cardiol 1985;56:14F-18F) 


esmolol for 6 hours at 300 ug/kg/min and 24 hours at 150 
ug/kg/min, were usually within endogenous levels and 
always at least 2 orders of magnitude below levels as- 
sociated with methanol toxicity. 

The fact that esmolol metabolism is based in the 
vascular system makes it inherent that its metabolism 
is both rapid and complete. Less than 296 of the drug is 
excreted unchanged in the urine. Within 24 hours of 
discontinuation of infusion, 73 to 8896 of the dosage has 
been accounted for in the urine as the acid metabolite 
of esmolol. Also consistent with the rapid metabolism 
of esmolol is the finding that it is only moderately pro- 
tein bound (55% to human plasma protein). The acid 
metabolite has an even weaker affinity for protein (10% 
binding to human plasma protein). 

Esmolol has been used clinically in the range of 25 to 
300 ug/kg/min. Blood levels obtained and pharmaco- 
kinetic parameters calculated therefrom have been 
found to be linear in this dosage range. Esmolol has a 
rapid distribution half-life of about 2 minutes and a 
short elimination half-life of about 9 minutes.4 The total 
body clearance of esmolol reflects these short half-lives. 
Total body clearance in man was found to be approxi- 
mately 20 liters/kg/hr. Since this is about 3 times greater 
than cardiac output, the metabolism of esmolol is ob- 
viously not limited by the rate of blood flow to metab- 
olizing tissues such as the liver. This is consistent with 
the data showing that erythrocyte esterases are re- 
sponsible for the hydrolysis of esmolol. 

The kinetics of the acid metabolite have also been 
shown to be linear over the dose ranges studied. The 
elimination half-life of this metabolite is about 3.7 hours 
while the total body clearance is approximately equiv- 
alent to the glomerular filtration rate.4 

Because of esmolol's rapid clearance and short half- 
life, it can be easily titrated to either increased or de- 
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creased blood levels within minutes. Using a loading 
dose, steady-state blood levels of esmolol for dosages of 
50 to 300 ug/kg/min were obtained within 5 minutes.*° 
As previously stated these levels are linearly related to 
the dose administered over this dosage range. Equally 
striking is the fact that blood levels of esmolol are not 
detected approximately 30 minutes after discontinua- 
tion of the infusion. Ten to 20 minutes after discontin- 
uation of esmolol infusion substantial recovery from the 
B blockade is routinely seen in patients. 


Pharmacodynamic Studies with Esmolol 


Clinical pharmacology studies in normal volunteers 
confirm the 8-blocking activity of esmolol; they show 
reduction in heart rate at rest and during exercise and 
inhibition of isoproterenol-induced increases in systolic 
blood pressure, decreases in diastolic blood pressure and 
increases in heart rate.9? 

The relative cardioselectivity of esmolol was dem- 
onstrated in patients with asthma and in patients with 
chronic obstructive pulmonary disease (COPD).5 In 
asthmatic patients, esmolol, 300 ug/kg/min, produced 
a slight decrease in specific airway resistance and 
slightly increased the sensitivity to induced broncho- 
constriction. These effects were not clinically signifi- 
cant, and esmolol was well tolerated by these patients. 
No patients were discontinued from the study. Six of 
the patients also received intravenous propranolol and, 
at 1 mg, 2 of them experienced significant symptomatic 
bronchospasm requiring bronchodilator treatment. In 
addition, propranolol induced bronchospasm in 1 pa- 
tient at the 5-mg dose. In approximately 60 patients 
with COPD, no adverse pulmonary effects were ob- 
served during clinical studies of esmolol for treatment 
of supraventricular tachycardia or in perioperative 
settings. 

In a small study in patients with acute ischemic heart 
disease (unstable angina pectoris or acute myocardial 
infarction), esmolol, 300 ug/kg/min, decreased cardiac 
index and systemic vascular resistance but did not affect 
left ventricular filling pressure. Cardiac index returned 
to baseline levels during continued maintenance infu- 
sions of esmolol; systemic vascular resistance returned 
to baseline levels within 30 minutes after infusion. 

In a trial using patients with chronic atrial fibrilla- 
tion,? esmolol produced a significant dose-dependent 
decrease in ventricular rate. A dose correlation was 
observed between blood concentration of esmolol and 
reductions in heart rate. Furthermore, blood levels of 
the acid metabolite were found for some time after 
discontinuation of esmolol infusion and disappearance 
of esmolol blood levels, but were not associated with 8 
blockade. 

Finally, esmolol, when infused in the dose range of 
100, 200 or 300 ug/kg/min, effectively attenuated 
tachycardia and increases in the rate-pressure product 
induced by endotracheal intubation compared with 
placebo. The response was dose-related.!? 


Study Design 


To study possible drug interactions, clinical trials 
were conducted in which digoxin,’ morphine!! and 
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warfarin!! were coadministered with esmolol. All drugs — 
were studied in healthy normal male volunteers. Each — 
study consisted of 3 study periods: esmolol alone, second | ? 
drug alone and esmolol in combination with the second - 
drug. The pharmacokinetics of each drug were moni- ? 
tored as a sensitive indicator of any changes occurring : 
during concomitant therapy. Thus, the pliarmao 
netics of digoxin, morphine and warfarin were evaluated : 
alone and in the presence of esmolol; furthermore, es- à 
molol was evaluated alone and in the presence of di- | 
goxin, morphine or warfarin. Comparisons were then 
made between periods of treatment to detect differences | 
resulting from concomitant therapy. Digoxin, warfarin 
and esmolol were studied under steady-state conditions. . 
Morphine was studied after a single intravenous 
bolus. 

Studies were carried out at the clinical research unit 
of Hahnemann University. These were all open-label 
studies approved by institutional review committees 1 
and written informed consent was obtained from all | 
volunteers. All subjects were screened to ensure that - 
they were healthy and that their prestudy laboratory 
parameters were within normal ranges. 
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Results and Discussion A 
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Esmolol-digoxin interaction: Interactions with - 
digoxin were studied in 12 normal male subjects." The — 
pharmacokinetics of esmolol alone, during and after a — 
6-hour infusion (300 ug/kg/min) and the pharmacoki- y 
netics of digoxin alone (administered to obtain blood 
levels of 0.8 to 2 ng/ml) at steady state were compared _ 
with the same conditions but administered concur- | 
rently. The steady-state blood levels, total body clear- _ 
ance, half-lives and volume of distribution for esmolol — 
did not show any significant changes between esmolol — 
and esmolol-digoxin treatments. The mean concen- | 
trations for esmolol during the 2 treatments are shown . 
in Figure 1. Additionally, no significant changes in — 
half-lives or maximal blood levels of the acid metabolite — 
of esmolol were seen between esmolol and esmolol- | 
digoxin treatments. The mean concentrations for the - 
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1. Mean of 11 subjects. 


FIGURE 1. Mean esmolol blood levels in 11 normal subjects are shown 
when esmolol was given alone (W) and in the presence of steady-state 
levels of digoxin (6). Esmolol infusion was initiated with a titration period — 
and maintained at 300 ug/kg/min for 6 hours. 





> - acid snstibnlite of esmolol during the 2 treatments are 


shown in Figure 2. A slight influence of esmolol was seen 
on digoxin concentrations at 4 hours after dosing, as 
shown in Figure 3. Serum digoxin levels were increased 
by 9.6 to 19.2% during esmolol-digoxin treatment 
compared with digoxin alone. However, only the 4-hour 


_ digoxin serum levels were significantly elevated when 


the 2 treatments were compared by subject. Two- and 


-. 6-hour samples did not show any significant differences. 
"The total area under the digoxin-concentrations-ver- 
_ sus-time curve during the 6-hour esmolol infusion was 
significantly higher in the presence of esmolol than 
- when digoxin was given alone. No significant change in 
_ peak digoxin levels was observed. The changes in di- 
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 goxin pharmacokinetics are not considered to be of a 
clinically significant magnitude. However, caution 


should be exercised in using the drugs in combination 


_ because digoxin levels may be slightly elevated during 


-esmolol infusion. 
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1. Mean of 11 subjects. 


FIGURE 2. Mean blood levels of the acid metabolite of esmolol (ASL- 
8123) in 11 normal subjects are shown when esmolol was given alone 
_ (@) and in the presence of steady-state levels of digoxin (lil). Esmolol 
infusion was initiated with a titration period and maintained at 300 


- g/kg/min for 6 hours. 
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FIGURE 3. Mean digoxin levels in 11 normal subjects are shown when 
digoxin was given alone (W) and in the presence of esmolol (@); esmolol 
infusion lasted 6 hours. Digoxin had been given to a steady-state ther- 
apeutic level before the study period shown in this figure. 
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Esmolol-morphine interaction: The interactions 
between morphine and esmolol were studied in a similar 
trial. Ten normal men were infused with esmolol alone 
for 4 hours (300 ug/kg/min). The next day each received 
a slow injection of morphine sulfate (3 mg) and on the 
third day similar doses of morphine and esmolol were 
coadministered. The pharmacokinetics of esmolol and 
morphine alone were compared with the pharmacoki- 
netics of the 2 drugs when they were coadministered. 

Steady-state blood levels of esmolol during coad- 
ministration of morphine were generally higher (9 of 10 
subjects) than during esmolol treatment alone. How- 
ever, because of the variability in the individual blood 
level determinations only 2 of the 10 subjects showed 
statistically significant increases in steady-state esmolol 
levels. As shown in Figure 4, the mean steady-state 
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FIGURE 4. Mean esmolol blood levels in 10 normal subjects are shown 
when esmolol was given alone (6) and in the presence of steady-state 
levels of morphine (Wl). Esmolol infusion was initiated with a titration 
period and maintained at 300 ug/kg/min for 4 hours. 
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FIGURE 5. Mean blood levels of the acid metabolite of esmolol (ASL- 
8123) in 10 normal subjects are shown when esmolol was given alone 
(B) and in the presence of steady-state levels of morphine (9). Esmolol 
infusion was initiated with a titration period and maintained at 300 
ug/kg/min for 4 hours. 
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FIGURE 6. Mean morphine levels in 10 normal subjects are shown when 
morphine was given alone (6) and in the presence of esmolol (W); 
esmolol infusion lasted 4 hours. Morphine had been given to a steady- 
state therapeutic level before the study period shown in this figure. 
Morphine was studied after single intravenous infusion of morphine 
sulfate. 


blood level of esmolol was significantly higher (46%, p 
<0.05) during the morphine-esmolol period. Morphine, 
however, had no effect on the half-life of esmolol. It also 
had no effect on the blood levels, total body clearance, 
elimination rate constant and terminal elimination 
half-life of the acid metabolite of esmolol. A plot of 
mean concentrations for the acid metabolite in all 
subjects is summarized in Figure 5. 

Morphine serum levels were similar during both 
morphine and morphine-esmolol treatment periods. 
Thus, neither esmolol nor its acid metabolite had any 
effect on the area under the concentration-time curve 
or the elimination half-life of morphine. The mean 
morphine levels are shown in Figure 6. 

Based on the results of this study, esmolol caused no 
changes in the pharmacokinetics of morphine. Mor- 
phine had no effect on the pharmacokinetics of the acid 
metabolite of esmolol. Morphine, however, may increase 
steady-state blood levels of esmolol. Although caution 
should be exercised when administering esmolol and 


. morphine simultaneously, the short half-life of esmolol 


will allow rapid titration of steady-state levels of esmolol 
by changes in the infusion rate. 

Esmolol-warfarin interaction: Preliminary data 
of a similar interaction study between esmolol and 
warfarin in normal men showed that the concomitant 
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administration of esmolol and warfarin does not influ- — 
ence warfarin plasma levels. There are no differences . 
in area under the curve, Cmax (maximum plasma con- l 
centration) and Tmax (time to reach Cmax) when 
comparing warfarin with warfarin plus esmolol. Esmolol — 
concentrations are equivocally higher when given with - | 
warfarin. 5 
The studies with digoxin, morphine and warfarin . 
show that they are well tolerated when administered - 
alone and in the presence of steady-state levels of 
esmolol. f 
In summary, esmolol is well tolerated when given in . 
the presence of digoxin, morphine or warfarin. Con- - 
versely these drugs were also shown to be well tolerated — 
when given in the presence of steady-state levels of es- — 
molol (300 ug/kg/min dose). No clinically important — 
effects were observed on vital signs, blood chemistry or — 
hematology. The pharmacokinetic interactions asso- | 
ciated with administration of these drug combinations © 
were statistically significant in several cases but they 
are not considered to be of clinical importance. In view © 
of the results of these interaction studies, esmolol should. - 
be administered cautiously to patients being treated - 
concurrently with digoxin, morphine or warfarin. | 
However, the short half-life enhances the safety of es- 
molol use because it allows rapid alteration of blood © 


esmolol levels by changing its infusion rate. 
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A Discussion 
E 
- Dr. Sonnenblick (Bronx, New York): The one thing about Dr. Gray (Los Angeles, California): First a comment, then 
esmolol that does seem a bit different from the usual 8 some questions. I think the diversity of responses that you are 
blockers is the extent of the fall in blood pressure, which one alluding to, and which I believe that we can attest to in our 
- would not predict in the usual B response in which there is a clinical setting, may, in fact, relate to something that Dr. 
fall in cardiac output, an increase in resistance and very little Sonnenblick mentioned. That is, the response to this drug and 
change in blood pressure. What were the ranges of the change other 8 blockers must be very dependent on catecholamines 
in blood pressure and, although on the average they were or the sympathetic state of the patient. I am sure that the 
tolerated, were they tolerated individually? situations in which the drug is tested, whether it is a resting, 
IB Dr. Lowenthal (Philadelphia, Pennsylvania): They were relaxed volunteer ora critically ill patient in an acute care 
tolerated in the total group. Interestingly, in normal volun- setting, are very different situations and will demand different 
teers during the drug interaction studies, there was hardly any responses to the drug. I think the situation is nowhere near 
significant change at all in blood pressure, and even less as clear as when the patient in the operating room is given 
change in heart rate. There were times when we thought we various levels of anesthesia and we are looking at some phys- 
were giving saline or placebo because we clearly did not see iologic response. This response may well bea response to the 
E ooh nodtenmiec effect: severity of anesthesia or to the depth of anesthesia. But I have 
any pharmacodyn . : : 
E. : ? : f two questions. The first question relates to the drug interac- 
. Dr. Iskandrian (Philadelphia, Pennsylvania): Dr. Low- tion with warfarin: did you see a perturbation of the pro- 
enthal, why were these 3 drugs chosen to study for interac- thrombin time when you gave esmolol? 
tions? I ask that because in that clinical setting I can think of 
more commonly used drugs, such as nitrates, dopamine, Dr. Lowenthal: No. 
| dobutamine and heparin, rather than warfarin, morphine or Dr. Gray: So you would not expect an enhancement of the 
digoxin. coumadin effect if esmolol were instituted in a previously 
Et 1: . : 
. Dr. Lowenthal: That is a very valid point. Patients who stabilized, anitoaguiated patient? 
are admitted to a coronary care unit with myocardial infarc- Dr. Lowenthal: That is correct. 
tion and chest pain are frequently given morphine. This was Dr. Gray: The other question relates to the issue of the 
a study to try and mime a true clinical setting in which esmolol metabolic activity of ASL-8123. If I am correct, I believe you 
might be given to such a patient, who is also on morphine. If hinted at some possible physiologic effects of this moiety—I 
:smolol caused a higher availability of morphine in a myo- am not sure if that is correct. In any case, it did look like there 
cardial infarction setting, the results of future research with was quite a prolonged period of elimination. The reason I am 
myocardial infarction patients may be clouded because of asking about this is that when we gave esmolol to patients with 
esmolol's effect on blood levels of morphine. This interaction tachycardia, for instance, over a period of many, many hours, 
study was done to prepare for esmolol studies in patients with the heart rate returned to baseline very slowly when we 
myocardial infarction. Digoxin was studied because many stopped the drug. This implies that there may be either some 
patients who will receive esmolol will also be given digoxin, change in the physiologic basal state of the patient or there 
and the therapeutic window of digoxin is known to be very may be some prolonged effect that is not seen with the brief 
narrow. We tested warfarin because there are a number of infusion and cessation. 
patients who PH anticoagulant therapy. Because warfarin Dr. Lowenthal: I appreciate your comments, Dr. Gray, 
E highly p es tein-bound drug, it was tested as a representa- especially in regard to basal sympathetic tone in “normal” 
Eve of the highly p porem -bound class of dr eee Many drug people versus patients with cardiovascular disease in the in- 
d teractions are a direct result of altered protein binding. tensive care setting. However, although we did not measure 
— Dr. Sonnenblick: Just for the record, I would like Dr. catecholamines, I can tell you that when volunteers are put 
Lowenthal to clarify one thing. In a person without a com- in bed and have various intravenous lines in their arms, and 
promised circulation and with a normal heart rate, what are do not know the effects of this “investigational or experi- 
the limits to how far the drug has been given, and are there any mental drug” and are clearly in a subservient position, that, 
other cardiovascular effects to be seen? You were saying that too, can induce some increase in adrenergic tone. Clearly it is 
there was no change in blood pressure and that heart rate at relative. However, we still did not see any changes in heart rate 
rest does not change. Is that really the result? or blood pressure. 
be Dr. Lowenthal: Yes, when we gave esmolol up to 300 Dr. Gorezynski (McGaw Park, Illinois): I would like to 
1g/kg/min to normal volunteers, no changes were seen in heart respond to the pharmacodynamic activity of the metabolite. 
rate and only small changes in blood pressure. The other thing We tested this in two situations and if one gives extremely high 
that has not been done, and I have discussed this issue with metabolite concentrations, one can demonstrate a reduction 
other investigators, is to really see whether there is 9 blockade in isoproterenol-driven tachycardia. The metabolite requires 
in these normal volunteers. This could be done simply by 350-fold higher concentrations than you need with esmolol 
giving an isoproterenol challenge or administering some ex- to blunt tachycardia, both in intact animals as well as in vitro. 
ercise studies. These are very high millimolar concentrations. 
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Electrophysiology of Esmolol 
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The electrophysiologic characteristics of esmolol 
were studied in 14 patients. Ten men and 4 women, 
mean age 57 years, were electrophysiologically eval- 
uated at baseline, and also at 4 to 8 minutes after the 
administration of a maintenance infusion of esmolol. 
Plasma samples for esmolol blood levels were drawn 
at 10 minutes of the maintenance infusion, at the end 
of the maintenance infusion and 30 minutes after the 
maintenance infusion was discontinued. Results of 
this study showed that esmolol has typical 6-blocker 
electrophysiologic effects. Its major action was on 
sinus node function; it prolonged this basic sinus cycle 


Acute interventions to control atrial tachyarrhyth- 
mias frequently require the parenteral administration 
of 8 blockers to patients with impaired left ventricular 
function, who are further compromised by the toxic or 
metabolic derangements of their acute clinical situa- 
tion.!-? Under these circumstances, patients are par- 
ticularly susceptible to the negative inotropic and 
bronchospastic adverse effects of 8 blockers, which 
can actually worsen the clinical situation.^ Thus the 
development of a very short-acting 8 blocker—whose 
electrophysiologic and hemodynamic effects could be 
rapidly initiated and reversed to adapt to the changing 
requirements of such acute clinical situations—would 
be of major benefit. Esmolol, a newly developed paren- 
teral 8 blocker, has an ultrashort elimination half-time 
(9 minutes) and might satisfy the criterion for a rapid- 
ly acting agent to be used in such acute metabolic 
derangements. We therefore characterized the electro- 
physiologic effects of esmolol in 14 hospitalized pa- 
tients undergoing clinical electrophysiologic studies 
for various indications. 


Methods 


The characteristics of the study population are outlined in 
'Table I. Ten men and 4 women, mean age 57 years, gave 
informed consent for the administration of intravenous es- 
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maticity as reflected by the corrected sinus node - 


1 
3 
length but had no significant effect on intrinsic auto- — 


recovery time and sinoatrial conduction. Direct effects 
on atrioventricular (AV) nodal function were reflected 
by effects on AV nodal conduction and refractoriness. - 
There was no direct effect on atrial function and, as 
expected, no effect on His-Purkinje or ventricular 
function. The intensity of esmolol's electrophysiologic - 
effects on sinus node function, AV nodal conduction. 
and AH interval is comparable to those of other 8 
blockers. 

(Am J Cardiol 1985;56:19F-26F) 


molol after routine clinical electrophysiologic study. Ten of - 


the 14 patients had organic heart disease; most had coronary 
disease with a previous myocardial infarction. As a group, 
left ventricular systolic function was mildly decreased, but 3 
patients had severe dysfunction (with ejection fractions of 
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11, 27 and 33%). The most common indication for electro- | 
physiologic study was syncope and the most common finding — 


at clinical electrophysiologic study was an inducible ventric- 


ular tachyarrhythmia. The study protocol is illustrated sche- 


matically in Figure 1. Patients underwent routine clinical- 
electrophysiologic studies with 3 multipolar electrode cathe- 
ters positioned under local anesthesia in the high right atri- 
um, atrioventricular (AV) junction and right ventricular 


apex. Standard measurements of sinus node, AV node, 


atrial, His-Purkinje and ventricular function were made as 
outlined in Table II. 
After the baseline electrophysiologic study, esmolol was 


administered in a 2-stage infusion. There was an initial load- - 


ing phase of 500 ug/kg/min for 3 to 5 minutes, followed by a 
maintenance infusion of 300 ug/kg/min that was continued 
until completion of the electrophysiologic measurements, 
i.e., 8 to 40 minutes. After the maintenance infusion ended, 
esmolol was allowed to wash out for 30 minutes to achieve 
baseline conditions. Patients 1 to 5 received a 3-minute load- 
ing infusion, while patients 6 to 14 received a 5-minute 
loading infusion. Electrophysiologic measurements were ini- 
tiated at 4 to 8 minutes of the maintenance infusion and 30 
minutes after termination of the infusion. On average, the 
measurements were completed in 18 minutes. 

Plasma samples for esmolol levels were obtained at 10 
minutes of the maintenance infusion, at the end of the main- 






tenance i at 30 minutes after washout. The cuff 
blood /thie sinus cycle length were measured 
every B ni s throughout the course of the experimental 
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TABLE | Patient Characteristics (n = 14) 
Age 57 (28-73) 


.. OHD 10 (6—CAD, 3—VHD, 1—CM) 
=- Ejection fraction 48% (11 to 72%) 
=- Indication for EPS 9—syncope, 3—VTA, 1—SSS 


.. EPS findings 6—inducible VTA, 2—CSH, 1—1HV 


. CAD = coronary artery disease; CM = cardiomyopathy; CSH = 
carotid sinus hypersensitivity; EPS — electrophysiologic study; OHD 
= organic heart disease; SSS = sick sinus syndrome; VHD = valvular 
heart disease; VTA ventricular tachyarrhythmia. 





. Statistical evaluations were performed by analysis of vari- 
ance and all measured values are reported as mean + stan- 
dard deviation. Because there were no significant differ- 
ences by analysis of variance in either the mean plasma 
esmolol levels or the mean values of electrophysiologic pa- 
rameters between the 2 groups with differing loading infu- 
sions, the data from these groups were pooled and analyzed 
together. 

| Results 


L 


^ Electrophysiologic effects during infusion: The 
major electrophysiologic effects of esmolol were on 


PRE-INFUSION 
CONTROL MEASUREMENTS 
| ESM 500mcg/kg/min 


ESM 300mcg/kg/min 


E PEAK ESMOLOL 
| MEASUREMENTS 


^. MAINTENANCE PHASE 
| 10-20 min 


i 
|^ WASHOUT PHASE 
30 min 


. POST WASHOUT 
MEASUREMENTS 


FIGURE 1. Schematic illustration of the experimental protocol. Elec- 
rophysiologic measurements were made before the 2-stage esmolol 
ESM) infusion, beginning at 4 to 8 minutes of the maintenance phase 
and 30 minutes after termination of the maintenance phase. Loading 
lose = 500 ug/kg/min for 3 minutes (5 patients) and 500 ug/kg/min 
or 5 minutes (9 patients). 


LOADING PHASE 
3-5 min 


MAINTENANCE PHASE 
10 min 










TABLE I| Measured Electrophysiologic and 
Electrocardiographic Parameters 





Sinus node function 

Sinus cycle length 

Sinus node recovery time 

Corrected sinus node recovery time 
Atrial function 

Intraatrial conduction time (PCL 600,450) 

Atrial effective refractory period (PCL 600,450) 
AV nodal function 

Shortest PCL 1:1 AV conduction 

AH intervals (NSR, PCL 600) 

AV nodal effective refractory periods (PCL 600,450) 

AV nodal functional refractory periods (PCL 600,450) 

Retrograde (ventriculoatrial) AV nodal conduction time 
His-Purkinje function 

Infranodal conduction times (NSR, PCL 600) 
Ventricular function 

Ventricular effective refractory periods (PCL 600,450) 
Electrocardiographic parameters 

Heart rate 

QRS interval 

PR interval 

QT interval 


sinus node and AV nodal function. As shown in Figure 
2, esmolol significantly prolonged the basic sinus cycle 
length and the sinus node recovery time. However, 
esmolol did not influence the sinoatrial conduction 
time or the corrected sinus node recovery time. Figure 
3 illustrates the direct effects of esmolol on AV nodal 


æ = significant difference from control 
(p< 005) 
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* - significant difference from control 
* (p« 05) 


SNRT 
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FIGURE 2. Effects of esmolol (ESM) on sinus cycle length (SCL) top, 
and on sinus node recovery time (SNRT) bottom, during the mainte- 
nance infusion. Esmolol significantly prolonged both SCL and SNRT 
compared with control values. 
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TABLE Ill Esmolol Effects: Blood Pressure and Electrocardiographic Parameters 





Infusion Time 

Control (n) Peak Esmolol (n) Post Esmolol (n) y 
SBP NSR (mm Hg) 1256+ 3.9(14) 118.6 + 4.0 (14) 120.143 6.1 (14) : 
DBP NSR (mm Hg) 73.64 2.9(14) 74.024 2.2 (14) 724+ 3.5 (14) e 
SBP 600 (mm Hg) 129.7 i 6.7 (6) 120.8+ 3.7 (13) 119.8+ 6.1 (13) B. 
DBP 600 (mm Hg) 76.324 6.0 (6) 80.14 2.9 (13) 73.7 + 3.4 (13) i: 
PR interval (ms) 179.6 + 7.5(14) 181.6 + 8.9 (14) 174.624 8.7 (14) 
QRS interval (ms) 113.2 + 11.1 (14) 112.14 9.8 (14) 110.4+ 9.9 (14) 4 
QT interval (ms) 384.4 + 11.0 (14) 379.6 + 11.6 (14) 71.4 + 12.4 (14) | 
Heart rate (beats/min) 78.5 + 3.1(14) 70.7 + 3.5* (14) 84.8 + 3.2* (14) i 


* significant change from control, p «0.05. 


DBP = diastolic blood pressure; NSR = normal sinus rhythm; SBP = systolic blood pressure. 


+ =ggnficont difference from control 
(p« 05) 
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* =sgnificant difference from control 
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FIGURE 3. Effects of esmolol (ESM) on parameters of AV nodal 
function during the maintenance infusion. Esmolol significantly pro- 
longed the cycle length to Wenckebach, top, the AH interval mea- 
sured during sinus rhythm, middle, and the AH interval at an atrially 
paced cycle length of 600 milliseconds, bottom. 
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function. Esmolol significantly increased the cycle - 
length at which Wenckebach periodicity developed — 
and the AH interval measured during sinus rhythm © 
and at a paced atrial cycle length of 600 ms. Esmolol, — 
however, did not alter AV nodal refractoriness or ret- - 
rograde AV nodal conduction time. Esmolol also — 
showed no direct effects on atrial, His-Purkinje or - 
ventricular function. a! 
Electrophysiologic effects after termination of - 
the infusion: All electrophysiologic parameters were - 
remeasured 30 minutes after termination of the infu- — 
sion when plasma drug levels were projected to be 
negligible. At this time, most parameters had reverted — 
to predrug control levels, although some parameters - 
fell significantly below control levels, reflecting an — 
overshoot. E. 
Effects on electrocardiographic intervals and 
blood pressure: Figure 4 illustrates the effects of es- _ 
molol during and after the infusion on systolic blood 
pressure; Table III lists the responses of electrocardio- 
graphic intervals to esmolol. There were no significant — 
changes in blood pressure or any of the electrocardio- | 
graphic intervals during either phase of the protocol. 
Time course of the beta-blocking effect: Using | 
the change in sinus cycle length as an index of electro- - 
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FIGURE 4. Effect of esmolol (ESM) on systolic blood pressure (BP) 
during, middle, and after, right, the maintenance infusion. Esmolol did 
not significantly lower systolic BP during either circumstance. 
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T TABLE IV Esmolol Plasma Levels 


| ES Laiotosi: B-blocking action, the time course of esmo- 





Infusion Time Plasma Level (ug/ml) 
Control «0.05 
MP 10 min 0.90 + 0.54 
MP end 1.05 + 0.42 
MP 10 min (300 ug/kg/min X 3 min load) 0.84 + 0.68 
MP 10 min (500 ug/kg/min X 5 min load) 0.97 + 0.39 


MP — maintenance phase. 


lol's 8-blocking effect is shown in Figure 5. Esmolol 
_ significantly prolonged the sinus cycle length within 5 
— minutes of initiating the infusion. The effect was re- 
versed within 5 minutes of terminating the infusion. 

Plasma esmolol levels: Table IV lists the plasma 
esmolol levels present before the infusion and at 10 
minutes of the infusion for the total study population 
and for the 2 subgroups with differing loading doses. 
There were no detectable esmolol levels before the 
infusion, and the infusion did produce significant 
. plasma concentrations. There was no significant dif- 
_ ference in the plasma levels achieved by the 2 loading 
. doses. 


Discussion 
General electrophysiologic profile: Esmolol is a 
newly developed 8 blocker with rapid pharmacody- 
namics that might be useful in acute antiarrhythmic 


interventions to control arrhythmias influenced by al- 
terations in adrenergic tone. A number of studies have 
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. FIGURE 5. Plot of the mean heart rate (ordinate) for the 14 patients 


versus time (abscissa), before, during and after esmolol infusion. The 
mean heart rate was significantly reduced compared with control 
within 5 minutes of initiating the infusion; it increased to control levels 
within 5 minutes of terminating the infusion. bpm = beats/min. 





examined the electrophysiologic actions of various 8 
blockers administered intravenously and with only 
minor variation, they have a common electrophysio- 
logic profile. These intravenous 8 blockers mainly al- 
ter sinoatrial nodal and AV nodal function, variably 
influence atrial function and the corrected QT interval 
and have no effect on His-Purkinje and ventricular 
function.5-!! 

The present study demonstrates that esmolol has 
typical 8-blocking electrophysiologic effects. Its major 
action was on sinus node function; it prolonged the 
basic sinus cycle length, but had no significant effect 
on intrinsic automaticity as reflected by corrected si- 
nus node recovery time or sinoatrial conduction. Di- 
rect effects on AV nodal function were reflected by 
effects on AV nodal conduction and refractoriness. 
There was no direct effect on atrial function and, as 
expected, no effect on His-Purkinje or ventricular 
function. 

Comparative time course of electrophysiologic 
effects: Although the onset of esmolol’s electrophysi- 
ologic effect is no more rapid than other intravenous 8 
blockers, its regression of this action is much faster. 
Using sinus cycle length as an index, significant elec- 
trophysiologic changes were detectable within 5 min- 
utes of initiating the esmolol infusion, as it was for 
intravenous metoprolol’ and acebutolol.? However, 
the reversal of esmolol’s electrophysiologic effect oc- 
curred within 5 minutes of terminating the infusion; in 
contrast, these effects persisted with the other 6 
blockers for 30 to 45 minutes (Fig. 6). 

The rapidity of the reversal of esmolol’s electro- 
physiologic effects compared with other 8 blockers is 
paralleled by its comparatively rapid pharmacody- 
namics. Esmolol's elimination half-time (9 minutes) is 
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FIGURE 6. Time course of esmolol's electrophysiologic effects that 
prolong sinus cycle length is compared with those of metoprolol and 
acebutolol. The onset of esmolol's electrophysiologic effect does not 
differ from that of the other 2 8 blockers; however, its time of 
regression is quite different. 
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much shorter than the others, which range from 2 to 3 
hours for acebutolol to 6 to 9 hours for atenolol. 

Comparative intensity of esmolol’s electro- 
physiologic effects: The intensity of esmolol’s elec- 
trophysiologic effects on sinus node function is compa- 
rable to those of other 8 blockers. As shown in Figure 7, 
esmolol prolonged the sinus cycle length to the same 
degree as metoprolol’ and acebutolol.® Similarly, es- 
molol's effect on AV nodal conduction characteristics 
was of similar intensity to those of other 8 blockers. 
Esmolol increased the AH interval to an extent similar 
to metoprolol,’ timolol!? and propranolol.! In con- 
trast, the electrophysiologic action of esmolol on AV 
nodal refractoriness was less intense than that of the 
other 8 blockers. 


Clinical Applications 


The efficacy of 8-blocking drugs in the control of 
supraventricular tachyarrhythmias and ventricular 
ectopy is established.!?.? In this regard, 8 blockers are 
particularly useful in the therapy of supraventricular 
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FIGURE 7. Effects of esmolol (ESM) are compared with those of other 
B blockers on sinus cycle length (SCL) top, AH interval middle, and 
AV nodal effective refractory period (AVNERP) bottom, as percent- 
age increased with respect to control. Esmolol's effect on SCL and 
AH interval is generally comparable to those of the other B blockers, 
but its effect on AV nodal refractoriness is less pronounced. ACET — 
acebutolol; METOP = metoprolol; PROP = propranolol; SOT = sota- 
lol; TIM = timolol. : 
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tachyarrhythmias arising from cardiac structures rich 
in sympathetic innervation, i.e., sinoatrial and AV 
nodes, arrhythmias dependent on elevated sympa- 
thetic tone or catecholamine levels that occur in acute, 


toxic metabolic derangements and ventricular ar- | 


rhythmias associated with inhomogeneous repolariza- 
tion secondary to inhomogeneous sympathetic neural 
influences. The specific clinical utility of esmolol 
would be in the treatment of arrhythmias usually re- 
sponsive to 8 blockers but occurring in patients with a 


high risk for untoward effects of 8 blockade. In pa- — 
tients with underlying left ventricular dysfunction, 


obstructive pulmonary disease or myocardial depres- 


sant effects of the toxic condition, esmolol provides a — 


measure of safety unavailable with other 8 blockers, 


because of the capability for rapid reversal of its 8- - 
blocking action if congestive heart failure or broncho- — 


spasm supervene. Thus, esmolol would be very useful 
for the treatment of supraventricular tachyarrhyth- 
mias, i.e., PSVT or atrial fibrillation, that occur post- 
operatively, particularly after cardiac surgery. In par- 
oxysmal atrial fibrillation or automatic atrial tachy- 
cardia that occurs in the setting of acute respiratory 
failure secondary to chronic obstructive pulmonary 
disease, esmolol could provide rate control or suppres- 
sion of the arrhythmia while its plasma concentration 
could be titrated to minimize bronchospasm. Similar- 
ly, esmolol could be very useful in controlling paroxys- 
mal atrial fibrillation or automatic atrial tachycardia 
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associated with sepsis or an acute myocardial infarc- | 


tion in patients in whom myocardial depressant ef- 
fects of 8 blockade are a concern. Finally, esmolol 
could be helpful in the therapy of Torsades des pointe 
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secondary to drug or metabolically induced long QT : 


syndrome. 

Esmolol could also be particularly useful when 
short-term 8-blocker intervention is indicated. Specif- 
ically, esmolol would be useful for acute drug testing in 
the clinical electrophysiologic laboratory when testing 
the efficacy of 8 blockers to control reentrant SVT. 
Esmolol would also be appropriate in the therapy of 
intraoperative supraventricular tachyarrhythmias as- 
sociated with induction of anesthesia. 

In summary, esmolol is a 6-adrenergic blocking 
agent with typical electrophysiologic actions on sinus 
node and AV nodal function. Its intensity is compara- 
ble to that of other intravenous 8 blockers. Unlike the 
other 8 blockers, however, esmolol has a very rapid 
onset and reversal of its electrophysiologic effects, 
which makes it particularly suited for acute antiar- 
rhythmic interventions to control arrhythmias in clin- 
ical situations where the risk of untoward effects of 8 
blockade is high. 
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Discussion 


Dr. Reves (Durham, North Carolina): Were any of the 
patients on digoxin or propranolol and, if so, have you any 
information about the interactions in terms of electrophysi- 
ologic effects of those 2 drugs? 


Dr. Greenspan (Philadelphia, Pennsylvania): No, the pa- 
tients were specifically not on digoxin or propranolol at the 
time, because we were going to be giving a 8 blocker and we 
were particularly careful about that. Only a few patients had 
some degree of left ventricular dysfunction, but they were 
not on either digoxin or propranolol. 


Dr. Lowenthal (Philadelphia, Pennsylvania): Would you 
know whether there was any effect of esmolol on sinoatrial 
and atrioventricular function that mimes that of verapamil? 


Dr. Greenspan: I have not specifically seen any data on 
this, but we know that verapamil has significant effects on 
atrioventricular nodal conduction time and atrioventricular 
nodal refractoriness, and it can have effects on sinus node 
function because of its calcium-blocking effect. In terms of 
comparable intensity, I think verapamil is probably signifi- 
cantly more effective in suppressing atrioventricular nodal 
conduction than are most of the 8 blockers. If one is going to 
address the question of the drug of choice in treating a 
patient who has paroxsymal supraventricular tachycardia 
and walks into the emergency room, I think there would be 
no doubt that, assuming there was no significant degree of 
left ventricular dysfunction, you would reach for verapamil 
first. However, in a patient in the hospital, where high cate- 
cholamine tone is going to be an important inciting factor in 
these arrhythmias, one should give consideration to esmolol. 
I have seen 8 blockers work better for postoperative atrial 
fibrillation, particularly after cardiac surgery, than digoxin 
or other interventions that might have more intense atrio- 
ventricular nodal blocking effect, because of the specific 
effects of 8 blockers on sympathetic tone. 


Dr. Iskandrian (Philadelphia, Pennsylvania): What was 
the duration of the infusion? In atrial fibrillation, does es- 
molol slow the rate, or does it convert it to sinus rhythm? 


Dr. Greenspan: The second question probably should be 
directed to Dr. Morganroth, who is going to be presenting 
data specifically on that. Esmolol does convert atrial fibrilla- 
tion in some cases, although the major effect was that esmo- 
lol slows the heart rate rather significantly and in a fashion 
comparable to propranolol. As far as the duration of our 
infusion, it varied depending upon the duration of time it 
took to make the electrophysiologic measurements, but on 
average we started making the measurements at 10 minutes 
of the maintenance infusion, and it took about 18 to 20 
minutes. So the total duration of the maintenance infusion 
was about 30 minutes. There is some degree of variability in 
making these electrophysiologic measurements if the pa- 
tient does not cooperate in terms of showing us a good His 
potential. We have to reposition catheters and so on and that 
can create some problems with the duration of the measure- 
ments. 


Dr. Laddu (McGaw Park, Illinois): In the figure showing 
the heart rate effect over baseline, clearly there was a signifi- 
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cant decrease in the heart rate in the esmolol infusion. Then | 
when esmolol was discontinued, the heart rate slipped back 
so much that there was an overshoot beyond baseline. I find 
that very interesting because in some of our studies where we 
gave the drug for half an hour, 4 hours or even 24 hours. 
continuously in patients with supraventricular tachycardia, | 
we did not see that feature. There was no overshoot, and 

heart rates at the end of the infusion were at the level of the 
baseline or slightly lower. How would you account for that 
difference? o 


Dr. Greenspan: I would invoke Dr. Gray's caveat that we - 
have to consider what the clinical situation is when we are - 
talking about the response of this drug. Patients with supra- - 
ventricular tachycardia have their catecholamine levels sig- - 
nificantly raised because they have to combat the rather — 
rapid rate and shortened filling time to maintain normal | 
cardiac output. When you stop the drug, there may be differ- _ 
ences in the response time than if you have a patient in. 
whom you have just been doing some pacing and has not 
necessarily been in supraventricular tachycardia for a long - 
time. Again, our study patients were in the electrophysiolog- 
ic laboratory, being instrumented in a relatively unphysiolog- - 
ic situation compared with normal volunteers who just have - 
intravenous lines in place. That might make a difference in - 
the general level of their sympathetic tone. Also, of course, : 
their underlying left ventricular function would make a- 
difference. So, I am not sure that we should expect to see exactly - 
the same kind of responses in our patient group as in either > 
of the other 2 treatment groups that you have talked 
about. 


Dr. Laddu: One possibility is that your patients who are 
going for electrophysiologic testing are on sedatives, and 
perhaps by the time you are going for the post-esmolol ef- 
fect, the sedative is wearing off. | 


Dr. Greenspan: I think that is a very good point and it- 
bears looking into. There are two things we can do. We can go 
back and look at our patients to determine what additional 
medications were given, and when. We can look to see where. 
the diazepam was given and whether or not it was discontin- 
ued later in the study. We can also get an idea of how the 
patients were responding as there were comments made in 
those charts about how comfortable a patient was. The other 
thing we can do is to look at that prospectively in a new 
group of patients, i.e., just look at cycle length and heart rate 
at the beginning and the end of the electrophysiologic study, 
and see if there is a significant effect there. Clearly, the 
patients are more uncomfortable at the end of the procedure 
after lying flat for 2 to 3 hours. ; 


Dr. Sonnenblick (Bronx, New York): But the effects. 
were relatively small and you did not have a masked tachy- 
cardia occurring on anybody. I think it is important not 
to worry just about the averages, but also the extent and 
whether there were exceptions. Did you find anybody with 
the type of overshoot that might be detrimental? 


Dr. Greenspan: No, actually not. It was pretty uniform. 
The standard deviations are not large and virtually all of the 
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patients showed small reversal of the effect. I would not be 
concerned about that clinically. 


Dr. Sonnenblick: The other thing you might consider is 
that it is probably unfair to say that the onset of action 
is 5 minutes when the first measurement was made at 5 
minutes. 


Dr. Greenspan: Absolutely. That point is very well taken. 
I think if I were to do the study over again I would start 
sampling much earlier on because the onset appears to be 
sooner than 5 minutes. 


Dr. Lee (McGaw Park, Illinois): Your comparative figure 
with esmolol and the other 6 blockers showed that the effects 
of esmolol were comparable, with the exception of the atrio- 
ventricular nodal effective refractoriness. Given the fact 
that in atrial flutter and fibrillation, you get comparable 
lowering of ventricular rate, do you see any clinical signifi- 
cance in the fact that esmolol doesn’t lower atrioventricular 
nodal effective refractory period? 
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Dr. Greenspan: It is sometimes very, very hard to extrap- 
olate from the changes that one sees in the electrophysiology 
laboratory when making static measurements of the atrio- 
ventricular nodal function in one clinical situation to situa- 
tions of arrhythmias. Here, you are looking at the AH inter- 
val during sinus rhythm and then at a rate of 100 beats/ 
min. If one then looks at the effect of that drug in someone 
who is in paroxysmal atrial fibrillation or supraventricular 
tachycardia at 160 or 180 beats/min, I think we might un- 
mask more intense effects. One could look at that effect by 
pacing faster and seeing if one uncovers a stronger effect. I 
think that is one of the reasons why we do not see much of an 
effect in the static measurement of atrioventricular nodal 
refractoriness, and yet it can have significant effects on the 
clinical situation. Therefore, if one looks at measurements of 
other antiarrhythmic effects, such as those of the mem- 
brane-active antiarrhythmic agents on ventricular refrac- 
toriness or conduction, one would be hard pressed to see a 
correlation between that and some of the very intense effects 
in terms of suppressing ventricular tachyarrhythmias. 
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Evaluation by Noninvasive Techniques 
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In a double-blind, randomized, crossover study, the 
effects of esmolol and propranolol were examined at 
rest and during peak upright exercise in 15 patients. 
At rest, both esmolol and propranolol significantly 
decreased heart rate, systolic blood pressure, rate- 
pressure product, left ventricular ejection fraction, 
cardiac index and right ventricular ejection fraction. 
During exercise, significant decreases were also 
found in heart rate, systolic blood pressure and cardi- 
ac index in both treatment groups. No significant dif- 
ferences were found between mean esmolol and 


mean propranolol measurements at rest and during. 
exercise, except for the exercise systolic blood pres- 
sure, which was lower during esmolol infusion. Blood 
levels of esmolol decreased markedly by 30 minutes 
postinfusion, as did its 6-blocking action. Esmolol was. 
well tolerated with no important local, systemic or 
laboratory abnormalities. Thus, the effects of esmolol 
on cardiovascular performance at rest and during 
exercise are similar to those of propranolol. 


(Am J Cardiol 1985;56:27F-32F) 
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Beta-adrenoceptor blocking drugs differ considerably 
in pharmacodynamic and pharmacokinetic proper- 
ties. In recent years considerable attention has been 
given to such properties as cardioselectivity and in- 
trinsic sympathomimetic activity. Propranolol, a non- 
selective 6-adrenergic blocking agent without intrinsic 
agonistic activity, has been shown to decrease heart 
rate, systolic blood pressure and cardiac output, and to 
increase left ventricular (LV) filling pressure and sys- 
temic vascular resistance.! Its effects on LV ejection 
fraction (EF) have been evaluated in normal subjects 
both at rest and during exercise. These reports indi- 
cate that propranolol decreases LVEF at rest and 
blunts the exercise-induced increase in EF expected in 
normal subjects.?-* In patients with coronary artery 
disease, propranolol at rest produced either no change 
or a decrease in LVEF.? However, in these patients 
during exercise, propranolol has been shown to either 
increase? or produce no change?? in EF. Therefore, in 
patients who have exercise-induced myocardial isch- 
emia, 8-adrenergic blockers may, by decreasing myo- 
cardial oxygen demand, decrease or prevent the devel- 
opment of ischemia and, hence, improve the EF. 
Currently available 8 blockers have a relatively long 
duration of action and thus must be used with caution 
in patients who cannot tolerate 8 blockade due to the 
presence of such contraindications as history of con- 
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gestive heart failure and chronic obstructive lung dis- 
ease. Ideally, a 8 blocker with an ultrashort half-life 
whose action could be terminated rapidly if needed is 
desirable in these patients. Esmolol, a cardioselective 
8 blocker with no intrinsic sympathomimetic activity, 
has been shown to be ultrashort-acting with a 9 minute 
half-life.!? 

This report compares the effects of esmolol with 
those of propranolol, at equipotent 8-blocking doses, 
on cardiovascular performance in patients evaluated 
by noninvasive techniques. 


Materials and Methods 


The hemodynamic effects of esmolol were compared with 
those of propranolol in a double-blind, randomized, cross- 
over study. The study drug sequence was determined using a 
computerized randomization schedule. The investigator re- 
mained blinded throughout the study as to which study drug 
was administered on the 2 drug study days. Blinding was 
achieved by having concurrent infusions and injections on 
the drug days. Esmolol was administered using an infusion 
schedule and propranolol was administered by an injection 
schedule. However, on each drug study day, only 1 of the 
treatments contained an assigned study drug while the other 
contained a matching placebo. The study consisted of 3 
study days, each separated by at least 48 hours from the 
preceding study day. The first day was for the baseline 
study. On the remaining 2 study days, the patients received 
an esmolol infusion on 1 day and propranolol on the other 
according to the order specified in the randomization sched- 
ule. On the baseline study day, each patient underwent a 30- 
to 45-minute stabilization period followed by radionuclide 
angiography at rest and during peak upright exercise. 
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TABLE! Summary of Hemodynamic Data Obtained in 15 Patients 
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HR (beats/min) 


7044 12645 64 +2 
SBP (mm Hg) 139 45 1914 7 127 X4 
DBP (mm Hg) 9043 94 +4 873 
RPP 1041 2441 840 
LVEF (%) 5145 53104 42 14 
RVEF (96) 44 2 5042 36 + 1 
LVEDV index (ml/m?) 95+11 112+ 11 102+1 
LVESV index (ml/m?) 52+ 11 59+ 11 64+ 1 
Cl (liter/min/m?) 2.9+0.2 6.6+0.3 2.4+0. 
PTT (s) 6+ 0.3 3.2+0.2 6.8+ 0. 
PBV (liter) 0.6 + 0.0 0.7 0.0 0.540 
SBP/ESV index 1.1 0.2 1.2 0.2 0.7 0. 
WMS 1041 941 8+1 
Ex WI 430 + 30 
Ex duration 72+1 





Significance 


a “ee 
| Baseline (B) Esmolol (E) Propranolol (P) . Among Treatments 
| Rest Ex Rest Ex Rest Ex Rest Ex / 





106 + 3 62+ 2 1064 B>E,P B>E,P 
155 + 6 130 + 5 16317  B>E,P B>P>E 
93 +3 87+3 933 NS NS 
16+ 1 8+ 0 We B>E,P B>EP 
49244 45 t4 51:14 B>E,P NS 
4342 37+2 45+2 B>E,P B>E,P 
111+ 10 97+9 TT 01 "NS NS 
63 + 11 58 +9 60 +11 E>B NS 
5.2 + 0.3 2.4 0.1 5.3 + 0.3 B>E,P B>E,P 
4.6 + 0.3 7.7 X 0.4 4.40.4 P>B E,P>B 
0.8+ 0.1 0.6 + 0.1 0.7+0.1 NS NS 
0.9 € 0.1 0.9 t 0.1 1140.2 B>E,P B>E 
921 9 X 1 10+ 1 B>E NS 
430 + 30 430 + 30 NS 
TEI TE NS 


. Results are expressed as mean + standard error of the mean. # probability value (p) < 0.05 was considered significant. 

__Cl= cardiac index; DBP = diastolic blood pressure; Ex = exercise; HR = heart rate: LVEDV = left ventricular end-diastolic volume; LVEF = left. 
ventricular ejection fraction; LVESV = left ventricular end-systolic volume; NS = no significant difference between treatments (p >0.5); PBV = 
pulmonary blood volume; PTT = pulmonary transit time; RPP = rate-pressure product; RVEF = right ventricular ejection fraction: SBP = systolic 


blood pressure; WI = workload; WMS = wall motion score. 


On drug treatment days, study drugs were administered 
after a 30- to 35-minute stabilization period. The esmolol 
infusion schedule required a 2-minute loading infusion at a 
rate of 500 ug/kg/min, followed by a constant infusion rate of 
200 ug/kg/min (esmolol was diluted in normal saline to 
achieve a final concentration of 10 mg/ml), which was con- 
tinued until both the rest and exercise radionuclide angio- 
grams were completed. Propranolol was administered as 
four 1-mg injections, each of which was administered over 1 
minute. At approximately 12 minutes after initiation of 
study drug, each patient underwent radionuclide angiogra- 
phy at rest and during peak exercise. The heart rate and 
blood pressure were recorded every 2 minutes during infu- 
sion and every 5 minutes for 30 minutes after the end of 
infusion on both study days. Blood samples for esmolol lev- 
els were collected at rest approximately 12 minutes after the 
start of infusion, during peak exercise and at 30 minutes 
postinfusion. Safety data consisting of blood chemistry, he- 
matology and urinalysis were evaluated on the baseline day 
and 30 minutes postinfusion on both drug study days. 

There were 15 patients in this study, 12 men and 3 women 
between the ages of 45 and 66 years. These patients were 
being evaluated by exercise testing for anginal symptoms. 








o9 200 
E 
fa 130 1 E 
e ~ 180 
E 3 
— 
£ HO A 
2 a !60 
ved v 
® 90 o 
T o 
c 
t - 140 
S 70 »—« Propranolol] = 
I assem Esmolol £ 
@-e Baseline > 
50 0 i20 
Rest Exercise Rest 


GURE 1. Effects of propranolol and esmolol on heart rate, systolic blood 





The radionuclide angiograms were performed with the 
first-pass method using a computerized multicrystal camera 
(Baird-Atomic, System-77). The resting studies were per- 
formed while the patient was seated in the upright position 
on the bicycle ergometer and the exercise studies were per- 
formed during peak upright exercise. On the baseline day a 
symptom-limited, upright exercise was performed and exer- 
cise was terminated when the patient had excessive fatigue, 
leg weakness or chest pain. From the exercise data on the 
baseline day, workload and exercise duration were deter- 
mined for each patient, and during the subsequent 2 drug 
study days, the exercise was terminated at precisely the 
same exercise workload and duration that was achieved dur- 
ing the baseline day. During exercise and recovery, 3 electro- 
cardiographic leads (II, V; and aVF) were constantly moni- 
tored. The radionuclide angiograms were processed with the 
software incorporated into the multicrystal camera. The fol- 
lowing data were obtained from the radionuclide angio- 
grams: LVEF, LV end-diastolic volume, end-systolic vol- 
ume, stroke volume, cardiac output, mean pulmonary tran- 
sit time, pulmonary blood volume and right ventricular (RV) 
EF. LV wall motion was assessed in 3 segments—anterior, 
apical and inferior—and each segment was assessed on a 
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Rate Pressure Product 
(mmHg: beats/min - 103) 
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Exercise Rest Exercise 


pressure and double (rate pressure) product at rest and during exercise. 


?sults are expressed as mean + standard error of the mean for 15 patients. Both esmolol and propranolol significantly lowered the heart rate, sys- 


lic blood pressure and double product at rest and during exercise. 
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scale of 0 to 4: 4 = normal motion, 3 = mild hypokinesia, 2 = 
moderate hypokinesia, 1 = severe hypokinesia and 0 = akin- 
esia or dyskinesia. The methods of measuring the various 
radionuclide descriptors and their reproducibility and corre- 
lation with other measurements obtained during cardiac 
catheterization have been described in detail from this and 
other laboratories.!.!? 


Results 


Eight patients received esmolol on the first drug 
study day and propranolol on the crossover day; 7 
patients received propranolol on the first drug study 
day and esmolol on the crossover day. There were no 
adverse local or systemic reactions and no clinically 
important laboratory changes. 

'The hemodynamic data at rest and during exercise 
in the baseline study day and the 2 drug study days are 
shown in Table I and in Figures 1, 2 and 3. At rest, 
significant drug effects were found in a number of 
these measurements; the most important were the 
heart rate, systolic blood pressure, rate-pressure prod- 
uct, LVEF, RVEF, cardiac index and systolic blood 
pressure to end-systolic volume ratio. The control 
measurements were significantly higher than esmolol 
and propranolol measurements, but no significant dif- 
ferences were found between the average esmolol and 
the average propranolol effects. 

Similarly, during peak exercise, significant treat- 
ment effects were found for the heart rate, systolic 
blood pressure, rate-pressure product, cardiac index, 
RVEF and mean pulmonary transit time. It should be 
noted that the RVEF was measured in only 12 pa- 
tients. In the remaining 3 patients, the RV images 
were not totally contained in the gamma camera’s field 
of view and therefore the RVEF could not be mea- 
sured reliably. The average baseline measurements 
were significantly higher than both the average esmo- 
lol and the average propranolol measurements except 
in pulmonary transit time. Also, with the exception of 
the exercise systolic blood pressure (esmolol, 155 mm 
Hg; propranolol, 163 mm Hg), no significant differ- 
ences were found between esmolol and propranolol in 
the measurements just described (Table I). There was 
no significant treatment effect on exercise LVEF, end- 
diastolic or end-systolic volumes. The hemodynamic 
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TABLE | Blood Levels of Esmolol and Its Inactive 
Metabolite ASL-8123* (mean + standard 
error of the mean) 


Pts 30 Minutes 

Study (n) Infusion Postinfusion 
Esmolol 7 0.59 + 0.07 0.01 + 0.01 
ASL-8123 (ug/ml) 7 2.20 + 0.20 8.55 + 0.50 


*Blood levels were not available on all patients. The relative 
potency of metabolite is 1/320th of the parent compound. 


changes at rest and exercise were similar among 
patients with resting baseline LVEF 250% (n = 10) 
and among patients with resting baseline EF of <50% 
(n = 5). 

This study was not designed to compare the effect of 
esmolol and propranolol on exercise-induced ischemic 
changes. However, the data show that the incidence of 
ST-segment changes and arrhythmias was greatly re- 
duced in both treatment groups compared with the 
baseline period. These changes did not reach signifi- 
cance, probably owing to the small sample size. 

Because of its rapid metabolism, esmolol blood lev- 
els decreased from 0.59 + 0.07 ug/ml during infusion to 
0.01 + 0.01 ug/ml at 30 minutes postinfusion. The 
blood level of the inactive metabolite ASL-8123 
(1/320th the potency of esmolol) continued to increase 
up through the final sampling time. These results are 
comparable to those obtained in the open-label study 
with invasive hemodynamic monitoring (Table II). 
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FIGURE 2. Effects of esmolol and propranolol on rest and exercise 
left ventricular ejection fraction (LVEF) and right ventricular ejection 
fraction (RVEF). 
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FIGURE 3. Effects of esmolol and propranolol on rest and exercise left ventricular end-diastolic volume index (LVEDVI), end-systolic volume index 
(LVESVI) and systolic blood pressure-to-end-systolic volume index ratio (SBP/ESVI). Results are shown as mean + standard error of the mean. 
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- Discussion 

. Esmolol, when given intravenously, produces hemo- 
dynamic changes typical of 6-adrenergic blockade.! 
These changes are rapidly reversed upon discontinua- 
tion of infusion consistent with the short half-life of 
esmolol.19/? In this double-blind, randomized, cross- 
over study, the hemodynamic effects of esmolol were 
very similar in magnitude and direction to those of 
intravenous propranolol.? At rest, esmolol, like pro- 
pranolol, produced a decrease in heart rate, systemic 
pressure, cardiac index and stroke work index. There 
was a modest but statistically significant depression in 
LV function characterized by a decrease in EF and an 
increase in LV filling pressure and end-systolic vol- 
ume. Esmolol and propranolol also decreased the rest- 
ing RVEF. During exercise, esmolol produced a de- 
crease in heart rate, systemic pressure, cardiac index 
and RVEF. Once again, the changes during exercise 
were similar to those produced by propranolol. Nei- 
ther esmolol nor propranolol had significant effects on 
exercise LVEF, end-diastolic volume and end-systolic 
volume.!? Esmolol up to a dose of 300 ug/kg/min was 
well tolerated with no adverse local or systemic effects. 
. The hemodynamic effects of 8-blocking agents (de- 
sreased heart rate, blood pressure, cardiac index and 
stroke work index) typically result in decreased oxy- 
ren consumption by the myocardium, and thereby 
ave a beneficial effect in the therapy of ischemic 
1eart disease.'+-!© The accompanying modest depres- 
sion of LV function characterized by a decrease in 
LVEF could become a problem in treating the sensi- 
ive patient with acute ischemic heart disease (acute 
nyocardial infarction or unstable angina pectoris). 
?smolol, because of its short half-life, may offer a safer 
dternative to such long-acting 8 blockers as proprano- 
ol in these acute settings. Should dangerous adverse 
'ffects occur, they could be readily reversed by termi- 
yation of the infusion. Further studies are in progress 
o evaluate the hemodynamics and safety of esmolol in 
atients with depressed LV performance. Pending the 
»utcome of those studies, esmolol may be the 8-block- 
ng agent of choice in the treatment of patients with 
icute myocardial infarction. 
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Discussion 


Dr. Gray (Los Angeles, California): To better understand 
the type of patients in your radionuclide study, I assume 
they were being evaluated prospectively for ischemic heart 
disease. I would gather from their ejection fraction response 
that this was not the ultimate diagnosis in all patients. Their 
resting ejection fractions were in the borderline-to-normal 
range, but the response to exercise was, by and large, about 
the same as control measurements. It did not look like there 
was a significant drop in ejection fraction with exercise in the 
control state. I would like to understand better the substrate 
upon which the 2 6 blockers were used. 


Dr. Iskandrian (Philadelphia, Pennsylvania): By and 
large, they were patients who had typical or atypical angina 
pectoris. Ten of the 15 patients had resting ejection fractions 
within the normal range for our laboratory—that is, about 
50%. The other 5 had abnormal resting ejection fractions; all 
but 1 were in the low 40% range. Our second patient had an 
ejection fraction of 18% at rest, and he tolerated esmolol 
well. The response, by and large, is typical of patients with 
coronary artery disease; the ejection fraction did not in- 
crease with exercise, their end-systolic volume increased and 
they had either rest or exercise wall motion abnormalities. 
Diagnosis of 6 patients was confirmed either by infarction or 
by coronary angiogram, but the remaining 9 patients were 
clinically determined to have coronary heart disease. 


Dr. Sonnenblick (Bronx, New York): I think it would be 
advantageous to show all the data. Without the discrete data 
points, it is like the 3 fellows who go hunting and one shoots 
high and the other shoots low and the third fellow says, “You 
got him." One would like to know if the averages reflect or 
mask variations in the data. 


Dr. Morganroth (Philadelphia, Pennsylvania): In that 
regard, was there a difference between the response you 
observed in the single patient with 18% versus the patients 
with lower than normal ejection fractions? 


Dr. Iskandrian: Actually we did analyze them. Let me 
answer Dr. Sonnenblick's question first. The whole of the 
individual data points are in the May 1985 issue of The 
American Journal of Cardiology and you can see them. All 
the data are there: patient by patient and what happened to 
them during both studies at rest and during exercise. We 
analyzed the studies in the 10 patients who had normal 
ejection fractions at rest and the 5 who were abnormal, and 
there was no significant change between the response in the 
2 groups. But, mind you, of the patients with the abnormal 
ejection fraction, 4 of the 5 were mildly abnormal. In pa- 
tients with a severe dysfunction, it may be a different issue. 
We are now in the process of looking at such patients, and it 
indeed looks like the responses might be different from the 
mild dysfunction. 


Dr. Morganroth: In what regard? 


Dr. Iskandrian: We are seeing more left ventricular dila- 
tion with the infusion of esmolol, which is something of 
concern if you start thinking of the myocardial oxygen de- 
mand in relation to wall stress and so on. 
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Dr. Morganroth: Those changes might also be different, 
of course, with the underlying etiology. For example, when 
you exercise the patient with ischemic heart disease, the 8- 
blocking effect in ischemia may be different than if there is 


no coronary ischemia, such as in a patient with idiopathic il 


cardiomyopathy. You do not have a large enough number, 


obviously, to look at the etiologic, mechanistic and absolute | 


levels of ejection fraction. 
Dr. Iskandrian: That is a very important point. Any 


evaluation of a 8 blocker during exercise is dependent on the © 


patient population and the exercise protocol. It is complete- 
ly different if you exercise a patient with coronary disease 
and during peak exercise that patient becomes ischemic, 
because you hope that the 8 blocker will decrease the double 
product and at the same workload he won't be ischemic. If 


the patient wasn't ischemic, then 8-blocker response is going - 


to be different. Mean differences sometimes hide a lot of 
variance beween individuals. 


Dr. Gray: Is it your feeling that, in the patients with 


documented ischemic heart disease, esmolol or propranolol — 


is protective of exercise-induced ischemia based on hemody- 
namic, clinical or electrocardiographic response? 


Dr. Iskandrian: I think there is no question that 8 block- 
ade is protective if that patient develops ischemia during the 
control measurement and if that patient is going to do the 
same exercise with the medication. However, if you exercise 


patients longer while they are on a 8 blocker, they may © 


become just as ischemic as without medication. 


Dr. Sonnenblick: I think what Dr. Iskandrian is saying is 
that with the limitation of cardiac output that they have, 
they may be limited in their exercise performance for non- 
cardiac reasons. So, the problem is much more complex than 
the usual simple picture that was once presented. 


Dr. Lowenthal (Philadelphia, Pennsylvania): Often, peo- 
ple on the conventional oral 8 blockers developed skeletal 
muscle fatigue during exercise, possibly related to some 
blunting of lipolysis and also to the decrease in cardiac out- 


put. Did you notice if this effect was also present during the 


esmolol component? Did they develop any lower extremity 
fatigue? 


Dr. Iskandrian: Not really. Clinically, they tolerated it, 


and with most patients we stopped them when they were on 
the drug because we had reached our predetermined end- 
point with no symptoms related to muscle fatigue. 


Dr. Laddu (McGaw Park, Illinois): Esmolol was given 
only for a short period. Isn't the onset of fatigue a RR term 
effect of 8 blockade? 


Dr. Iskandrian: That may be true, but at rest I think I 


suggested it in something I wrote about 5 years ago. I said - 


that if you put patients with sick hearts on chronic 8-blocker 
care, and they exercise, the ejection fraction is not going to 
be better. If the heart rate is also limited, then the cardiac 
output will be limited and this is why they feel so tired and 
have some noncardiac symptoms. 
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E Dr. Greenspan (Philadelphia, Pennsylvania): Dr. Iskan- 
. drian, I am very fascinated by the observation that there 
. were some differential responses in the right ventricle and 
the left ventricle, in terms of ejection fraction, to the 8 
- blockade. You say you have some thoughts about it and I 
a would like to hear them. Do you think there may be geomet- 
E ric factors that play a role in terms of differences in the right 
. ventricular and left ventricular response? 


» Dr. Iskandrian: I think that might be, but it might also be 
i that the 8 receptors in the right ventricle are different in 
- quality or quantity from those in the left ventricle. It might 
also be that you are dealing with an afterloading tendency. 
. We saw from the hemodynamic changes, despite no change 
_ in end-diastolic volume, that wedge pressure and pulmonary 
_ artery pressure are increased. I think that even with exercise, 
these changes might not be due primarily to changing 
_ contractility of the right ventricle but to an afterload-depen- 
dent phenomenon secondary to decreased left ventricular 
. contractility. 


L i 
Dr. Gray: Actually, we did look at this somewhat tangen- 
tially, if you will, in a hypertensive study in the postcardiac 
‘surgical patient. We found the left ventricular stroke work 
index did decrease somewhat with esmolol. Although not 
| Hiremendous, statistically significant decreases were seen 
with esmolol. The right ventricular stroke work index, by 
. contrast, decreases minimally and nonsignificantly, and the 
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main difference seems to be in the afterload effects. In other 
words, the work demand on the right heart is still greater. 
The effect of giving esmolol in contrast to, say, nitroprus- 
side, is that the pulmonary artery systolic pressure does go 
up a bit more than, say, the afterload on the left side. 


Dr. Sonnenblick: I agree with that. 


Dr. Gray: So what is demanded of the left heart is differ- 
ent, and I presume catecholamines or some other hemody- 
namic response, reflex or otherwise, are going to be different 
from right to left. 


Dr. Sonnenblick: I think the bottom line is how well 
esmolol is tolerated in this broad group of patients. I think it 
is very easy to make a great deal out of the changes in the 
ejection fraction, but there is sympathetic withdrawal there. 
Also, if the cardiac output and the stroke volume are de- 
creasing, or just the stroke volume is, the ejection fraction 
will tend to decline on its own. In other words, ejection 
fraction will fall as cardiac output falls. Ejection fraction 
does not remain a direct indicator of contractility in that 
circumstance—directionally, it is probably correct, but it is 
not directly proportional and it is remarkably well tolerated. 
What you are also pointing out is there were no broad excep- 
tions. 


Dr. Iskandrian: Yes, that is true. 


Comparative Efficacy and Tolerance 
of Esmolol to Propranolol 
for Control of Supraventricular Tachyarrhythmia 


JOEL MORGANROTH, MD, LEONARD N. HOROWITZ, MD, JEFFREY ANDERSON, MD, 
PRASAD TURLAPATY, PhD, and the ESMOLOL RESEARCH GROUP" 


This multicenter, double-blind, randomized, parallel 
study compared the effectiveness and tolerance of 
intravenous esmolol with intravenous propranolol in 
patients with supraventricular tachyarrhythmia (heart 
rate [HR] >120 beats/min). Efficacy was evaluated 
in 53 patients receiving esmolol and in 57 patients 
receiving propranolol. Patients randomized to esmolol 
received infusions of various doses of esmolol ranging 
from 50 to 300 ug/kg/min (each dose infused for 5 
minutes) over a 30-minute titration period with inter- 
mittent placebo boluses of propranolol. Those ran- 
domized for propranolol received 1 mg/min for the 
first 3 minutes, and then another 3 mg from minutes 5 
to 8 with continuous placebo esmolol infusion during 
the 30-minute titration period. A therapeutic response, 
defined by 20% or greater reduction in HR, HR «100 
beats/min or conversion to normal sinus rhythm, was 
achieved in 7296 of patients on esmolol compared 
with 6996 of patients on propranolol (difference not 
significant). The therapeutic response was main- 
tained in 67% of patients on esmolol and 58% of 
patients on propranolol (difference not significant) 
during a 4-hour maintenance period. Conversion to 


normal sinus rhythm occurred in 14% of esmolol 
patients and 1696 of propranolol patients during titra- 
tion and 1096 of esmolol and 896 of propranolol 
patients during maintenance. After discontinuation of 
study drugs, a more rapid reversal of the reduction in 
HR was observed in esmolol patients compared with 
those patients receiving propranolol. Adverse reac- 
tions were seen in 29 (4596) patients on esmolol and 
11 (18926) patients on propranolol. The principle ad- 
verse reaction was hypotension, which was predomi- 
nantly asymptomatic and found in 23 patients receiv- 
ing esmolol and 4 receiving propranolol. Hypotension 
resolved quickly after discontinuation of esmolol and 
did not cause any significant consequences. . 

This study demonstrates that esmolol is compara- 
ble in safety and efficacy to propranolol, and unlike 
propranolol, it has a much faster termination of 6 
blocking because of its short half-life. Esmolol, there- 
fore, has marked theoretical advantages in its use in 
the intensive care unit for the control of supraventricu- 
lar tachyarrhythmia. 


(Am J Cardiol 1985;56:33F-39F) 





Beta-adrenergic blocking drugs have been standard 
therapy for the treatment of acute ischemic, hyperten- 
sive and tachyarrhythmic states.! In the intensive care 
unit, intravenous 8 blockers can provide for a rapid 
correction of unstable cardiovascular conditions; how- 
ever, their use also involves such potential risks as 
serious adverse reactions including excessive brady- 
cardia, heart block and worsening of left ventricular 
dysfunction. These adverse reactions usually dissipate 
slowly, which may restrict the use of currently avail- 
able 8 blockers whose elimination half-lives range 
from 2 to 6 hours.? Ideally, a 8 blocker with an ultra- 
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short half-life whose action could be terminated rapid- 
ly if needed is desirable in acute settings. 

Esmolol, a cardioselective 8 blocker with no intrin- 
sic sympathomimetic activity, has been shown to be 
ultrashort-acting with a 9.2-minute half-life.? This re- 
port details a double-blind, randomized, controlled 
trial that compared the efficacy and tolerance of esmo- 
lol with propranolol, both administered intravenously, 


* J. Abrams, MD, J. Allen, MD, F. Cerra, MD, K. Chadda, MD, P.A.N. 
Chandraratna, MD, G. Das, MD, D. Davis, MD, P. Deedwania, MD, N. 
DePace, MD, R. DiBianco, MD, R. Engler, MD, L. Favrot, MD, R. Gray, 
MD, W. Groh, MD, J. Hochman, MD, K. Kaplan, MD, R. Lester, MD, J. 
McBride, MD, V. S. Murthy, MD, P. Nahormek, MD, O. Narula, MD, S. 
Raifer, MD, M. Ryan, MD, H. Sawin, MD, J. Schroeder, MD, B. Singh, 
MD, J. B. Singh, MD, T. Srivastava, MD, R. Sung, MD, C. Swerdlow, 
MD, V. Thadani, MD, J. Thomsen, MD, V. Tschida, MD, A. Waldo, MD, 
D. Williams, MD, G. Wilner, MD, P. Yu, MD, and R. Zoble, MD. 
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TABLE!  Prestudy Variables in Baseline Comparative 
Patients Used for Efficacy Analysis 


Esmolol Propranolol 
(n = 53) (n = 57) 
Age (years) 65 + 11 63 + 10 
Men 33 (62%) 35 (61%) 
Heart rate (beats/min) 147 + 16 146 + 18 
Systolic blood pressure (mm Hg) 126 + 22 118 + 15 
Diastolic blood pressure (mm Hg) 78+ 11 73 t 11 
Postoperative 27 (5196) 28 (4996) 
Coronary artery disease 16 (3096) 18 (3296) 
Type of SVT 
Atrial fibrillation 40 (7596) 48 (8496) 
Atrial flutter 9 (1796) 8 (1496) 
Automatic atrial tachycardia 3 (696) 0 
Sinus tachycardia 1 (296) 1 (296) 


SVT = supraventricular tachyarrhythmia. 


. to control excessive tachycardia in patients with su- 


~ 


a 
ut» 


praventricular tachyarrhythmias (SVTs). 
Methods 


This study was conducted in 12 centers in the U.S. using a 
common protocol. Patients’ inclusion criteria were age older 
than 18 years and heart rate (HR) >120 beats/min owing to 
SVT. Supraventricular tachyarrhythmias were defined as 
the presence of atrial fibrillation, atrial flutter, ectopic atrial 
tachycardia or sinus tachycardia of cardiac origin. Patients 
with preexcitation syndromes were excluded. Other exclu- 
sions included uncontrolled congestive heart failure or hypo- 


tension («100/70 mm Hg), ventricular arrhythmias requir- 


ing acute therapy, severe disorders of impulse conduction, 
such as sick sinus syndrome, atrioventricular block and 


tachycardia due to an external condition, such as anemia or 
infection. Patients with electrolyte imbalance, chronic ob- 
structive pulmonary disease, asthma that precluded 8 block- 
ade or prior allergy to a 8 blocker were also excluded. 
Patients who had been on monoamine oxidase inhibitors or 


. catecholamine-depleting agents, such as reserpine, within 6 


weeks or those who had taken a 8- or calcium-channel 


_ blocker within 2 half-lives of entry to the study were also 
excluded. Women were permitted entry if they were not 


pregnant. 
Protocol: If patients demonstrated SVT with HR »120 


_ beats/min for a minimum of 30 minutes (baseline period), 
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FIGURE 1. Percentage of efficacy patients achieving a therapeutic 
response during the titration period, by esmolol dosage. Cumulative 
percent is the number of responders at a given dosage or lower 
divided by the number of efficacy patients (n = 50). Relative percent 
is the number of responders at a given dosage divided by the number 
of efficacy patients treated with that dosage. 
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TABLE || Types of Therapeutic Response in Patients Used 
for Efficacy Analysis 
Efficacy Patients 
Study Period Response Esmolo! Propranolol 

Entered titration period 50 55 
Achieved therapeutic response* ! 36 (7296) 38 (6996) 
Type of therapeutic response! 

> 20% HR reduction 32 (6496) 38 (69%) 

HR < 100 beats/min 16 (3296) 19 (3496) 

Conversion to NSR 7 (1496) 9 (1696) 
Entered maintenance period 30 36 
Maintained therapeutic response * ! 20 (67 96) 21 (58%) 
Type of therapeutic response! 

> 20% HR reduction 20 (67 96) 18 (5096) 

HR « 100 beats/min 13 (4396) 15 (4296) 

Maintained NSR 5 (1796) 8 (2296) 

Converted to NSR 3 (1096) 3 (896) 


HR = heart rate; NSR = normal sinus rhythm. 

* A patient may achieve more than 1 type of therapeutic response. 

' Denominator for percentage response equals number of efficacy 
patients who had entered titration period. 

* Denominator for percentage response equals number of efficacy 
patients who had a therapeutic response during titration and entered 
the maintenance period. 


they were randomly assigned to either an infusion of esmolol 
with placebo injections of propranolol or propranolol injec- 
tion with placebo esmolol infusion. Esmolol was titrated 
upward according to patient response over 30 minutes dur- 
ing the titration period. Six different levels of esmolol dosing 
were used, each over 5 minutes. During the first minute of 
each of the 5-minute periods, esmolol was infused with a 
loading dose (500 ug/kg/min) and then for the succeeding 4 
minutes, esmolol was titrated from 50, 100, 150, 200, 250 and 
finally to 300 ug/kg/min. Intravenous boluses of active pro- 
pranolol were administered depending on patient response, 
in 1-mg doses over 1 minute for the first 3 minutes and then 
from minutes 5 to 8, thus providing 6 boluses or 6 mg of 
active propranolol. 

During the titration period, all patients simultaneously 
received either active esmolol infusion and placebo propran- 
olol injection or active propranolol injections with placebo 
esmolol infusion to ensure the double-blind status. Infusions 
were controlled with the use of a volumetric pump, which 
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FIGURE 2. Percentage of efficacy patients achieving a therapeutic 
response during the titration period, by propranolol dosage. Cumula- 
tive percent is the number of responders at a given dosage or lower 
divided by the number of efficacy patients (n — 55). Relative percent 
is the number of responders at a given dosage divided by the number 
of efficacy patients treated with that dosage. 








was standardized and calibrated at each of the 12 clinical 
study centers. 

The therapeutic endpoints used in this study were a >20% 
reduction in ventricular rate compared with the average 
initial 30-minute baseline HR, a reduction in absolute ven- 
tricular rate to <100/min or a conversion to normal sinus 
rhythm. 

Upon reaching a therapeutic endpoint, the patient then 
entered a 4-hour maintenance period using the dose infusion 
level at the time that the therapeutic endpoint was achieved. 
At the discretion of the investigator, patients not responding 
during titration were either entered into the 4-hour mainte- 
nance period or terminated from the study. After the main- 
tenance period, the patients had their infusions discontin- 
ued and a 20-minute follow-up period was used to profile 
clinical evaluations. 

Before study, data from the patient’s history, physical 
examination, 12-lead electrocardiogram and routine labora- 
tory analyses were recorded and these were repeated within 
24 hours of the follow-up period. Blood pressure and HR 
were obtained every 10 minutes during the baseline period, 
every 5 minutes during titration, every 20 minutes during 
the maintenance and every 10 minutes during the follow-up 
period. Heart rates were determined by hand counting a 1- 
minute electrocardiogram rhythm strip (lead II) at each of 
these intervals. 

Statistical analysis: A 2-way analysis of variance was 
used to test for differences among centers for all variables as 
well as differences in recruitment. Tests for center and treat- 
ment interaction effects were performed using a standard 
log-linear model for proportions. Two-way analysis of vari- 
ance for continuous variables and a log-linear model for 
categorical data were used for response variables and within 
group comparisons were performed using the paired t test. 
Significance was defined at the 0.05 level before 2-tailed 
hypothesis. 


Results 


Enrollment and demographics: Of the 127 pa- 
tients who were entered into the protocol and received 
1 of the study drugs, 11 patients on esmolol and 6 on 
propranolol were disqualified from the efficacy analy- 
sis because of protocol deviations. Safety data will be, 
therefore, reported on 64 esmolol and 63 propranolol 
patients, whereas efficacy data will be reported on 53 
esmolol and 57 propranolol patients. Efficacy data in 
regard to HR reduction will be reported on 50 esmolol 
and 55 propranolol patients because 3 patients receiv- 
ing esmolol and 2 patients receiving propranolol were 
excluded because of investigator error in judging ther- 
apeutic endpoint. 

There was no difference among the demographic 
and clinical characteristics of the patients randomized 
to esmolol and propranolol except that the diastolic 
blood pressure was 5 mm Hg higher among the esmolol 
efficacy patients (Table I). There was no significant 
interaction between the treatment assignment and 
study centers. 

Efficacy: During titration, 72% (36 of 50) of pa- 
tients had a therapeutic response to esmolol compared 
with 69% (38 of 55) of patients randomized to propran- 
olol (NS). During the 4-hour maintenance period, 6740 
(20 of 30) on esmolol and 58% (21 of 36) on propranolol 
maintained therapeutic response. Table II details the 
specific types of therapeutic response during each of 
. these 2 periods. The therapeutic response rate within 
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each treatment group did not differ with regard to ! 


those patients younger than or over 65 years of age, 
gender, postoperative status or type of heart disease. 
There was also no difference in response rates among 


types of SVT between esmolol and propranolol. Ther- - 
apeutic response in patients with atrial fibrillation was 


similar in both treatment groups: esmolol, 28 of 38 
(74%) and propranolol, 34 of 46 (74%). Figure 1 details 
the cumulative and relative therapeutic response rates 


among efficacy patients randomized to esmolol during 
the titration period. In the esmolol group 70% (35 of - 
50) of patients responded to an infusion rate of s200 - 
ug/kg/min. One additional patient responded at 250 — 
ug/kg/min, while no additional patients responded to $ 


the 300 ug/kg/min dose. The average dose of esmolol in 
responders was 115 + 11 g/kg/min. Figure 2 illus- 
trates the cumulative and relative therapeutic re- 
sponse rates among propranolol efficacy patients. Cu- 


mulative therapeutic response at 3 mg of propranolol — 
was 31% (17 of 55) and at 6 mg of propranolol or less, it _ 


was 69% (38 of 55). 


Response to propranolol or esmolol could not be 


predicted by any of the demographic characteristics 
except that in the propranolol treatment group, non- 


responders had a higher mean HR (155 beats/min) - 
than the responders (141 beats/min). Baseline systolic . 


blood pressure was slightly higher among responders 
than nonresponders within each of the treatment 
groups. Concurrent digoxin therapy was also associat- 
ed with a higher therapeutic response in both treat- 
ment groups. For example, 85% (22 of 26) of patients in 
the esmolol group who were receiving digoxin were 
therapeutic responders compared with 58% (14 of 24) 
of patients not taking digoxin who were therapeutic 
responders. Similarly, 75% (21 of 28) of patients in the 


propranolol group on digoxin were therapeutic re- 


sponders compared with 63% (17 of 27) of those with- 

out concurrent digoxin were therapeutic responders. 
As shown in Figure 3, during the follow-up period, 

the HR more rapidly reversed itself among the esmolol 


Post-Infusion 


Baseline End of Infusion 10 Min. 20 Min. 





@ ESMOLOL (N=29) 
A PROPRANOLOL (N=23) 





-10 











% 
Reduction from Baseline HR 
(Mean + S.E.M.) 


FIGURE 3. Recovery of heart rate during the follow-up period (after 
discontinuation of study drugs) in efficacy patients who were therapeutic 
responders. In esmolol-treated patients, study drug was discontinued 
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after 4-hour maintenance period. In propranolol-treated patients, study d 


drug was discontinued after 10 minutes in the titration period (4 hours, 10 
minutes after boluses). These patients were infused with placebo esmo- 
lol throughout the 4-hour maintenance period. 
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TABLE Ill Adverse Reactions Noted During the Study 


No. of Patients* 





Adverse Reaction Esmolol Propranolol 


Hypotension 23 
Asymptomatic 19 
Symptomatic 4 

Ventricular ectopy 

Excessive bradycardia 

Congestive heart failure 

Diaphoresis 

Dyspnea, rales, cyanosis 

Dizzy, weakness, headaches 

Nausea, vomiting, dyspnea 

Intravenous site irritations 
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* A patient may have more than 1 adverse reaction. 


patients (within 10 minutes after discontinuation of 
esmolol) compared with those on active propranolol 
(approximately 4 hours after discontinuation of active 
propranolol). 

Safety results: A total of 29 (45%) esmolol patients 
and 11 (18%) propranolol patients developed adverse 
reactions during the study (Table IIT). The most fre- 
quently reported adverse reaction was hypotension, 
which was symptomatic in 4 patients receiving esmolol 
and 1 receiving propranolol. These 4 patients received 
doses 2150 ug/kg/min and hypotension resolved with- 
in 20 to 90 minutes after discontinuation of esmolol. 
Most patients in whom hypotension developed in the 
esmolol group were postoperative, had atrial fibrilla- 
tion or were over 65 years of age. Premature discontin- 
uation from the study because of adverse reactions 
occurred in 15 patients receiving esmolol and in 6 
receiving propranolol. All esmolol patients were dis- 
continued due to hypotension. Adverse reactions, 
which necessitated discontinuation among 6 propran- 
olol patients, were: increasing heart failure (n = 1), 
dyspnea and cyanosis (n = 1), bradycardia and hypo- 
tension (n = 1), nausea (n = 1), nausea and hypoten- 
sion (n = 1) and nausea, vomiting and headache (n = 
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FIGURE 4. Percentage of efficacy patients achieving a therapeutic 
response during the initial and crossover esmolol titration periods, by 
esmolol dosage, in a multicenter, placebo-controlled, double-blind 
study. Cumulative percent is the number of responders at a given 
dosage or lower, divided by the number of efficacy patients (n = 61). 
Relative percent is the number of responders at a given dosage 
divided by the number of efficacy patients treated with that dosage. 
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1). One patient died in each treatment group because 
of development of ventricular fibrillation within 24 
hours of discontinuing the 8 blocker and in neither 
case was death considered to be related to the study 
drug administration. The incidence of adverse reac- 
tions was higher in esmolol patients receiving > 200 
ug/kg/min (21 events) compared with those receiving 
less than this dose (13 events). Of the 17 adverse 
events in the propranolol group, 9 occurred in patients 
receiving <3 mg and 8 in those who received between 
the 3- to 6-mg dose. No significant differences were 
noted among any of the laboratory variables in pa- 
tients in this study. 


Discussion 


Beta-blocker therapy has proved to be particularly 
effective in treating patients in the intensive care unit 
with unstable ischemic, hypertensive and arrhythmic 
disorders.! Intravenous use of metoprolol has recently 
been shown to be effective in decreasing the preva- 
lence of serious ventricular arrhythmias and mortality 
from acute myocardial infarction.4 The elimination 
half-life of 8 blockers, however, when used in this 
setting typically ranges from 2 to 6 hours.? Because 8 
blockers may cause a deterioration or worsening of left 
ventricular dysfunction, excessive bradycardia, ad- 
vanced degrees of conduction disturbances and bron- 
chospasm, the potential use of an ultrashort-acting 6 
blocker, particularly in the intensive care unit, would 
provide enhanced safety in these high-risk patients. 
Esmolol was recently developed and shown in animal 
and human studies to be a cardioselective 8 blocker 
with no intrinsic sympathomimetic activity. 9 The 
electrophysiologic data of esmolol demonstrate its 
rapid onset and offset of 8-blocker effects on the sinus 
and atrioventricular node.’ 

This multicenter study demonstrated that esmolol, 
when infused in the dosage range of 50 to 300 
ug/kg/min, was as effective as propranolol given from 
3 to 6 mg over a 30-minute titration period to patients 
with SVT by producing a reduction in HR or conver- 
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FIGURE 5. Percentage of efficacy patients achieving a therapeutic 
response during the titration period, by esmolol dosage, in an open- 
label, multicenter study. Cumulative percent is the number of re- 
sponders at a given dosage or lower, divided by the number of 
efficacy patients (n = 136). Relative percent is the number of re- 
sponders at a given dosage divided by the number of efficacy patients 
treated with that dosage. 
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TABLE IV Adverse Reactions Observed Among SVT 
Patients Treated with Esmolol (Infusion up to 
24 Hours) 


Body System/Adverse Reaction (n)* 9o! 





Cardiovascular 
Hypotension 70 44 
Symptomatic (21) (13) 
Asymptomatic (49) (31) 
Diaphoresis 16 10 
Other 19 12 
Total* 8T 


Central nervous system 
Somnolence 11 
Agitation 7 
Headache 6 
Dizziness 6 
Confusion 5 
Other 12 

Total* 


39 
Gastrointestinal 
Nausea 20 
Other 10 
Totalt 76 


Respiratory 
Dyspnea, bronchospasm 
rhonchi or wheezing E 
Other 4 
Total* px. 
Skin 
Inflammation (IV site) 8 
Induration (IV site) 7 
Infiltration (IV site) 7 
Other 5 
Total* 24 


* Number of patients reported to have the respective adverse 
reaction. 

t Total number of patients treated with esmolol = 160. 

t Frequently, a single patient was reported to have more than 1 
adverse reaction. 
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sion to normal sinus rhythm. In addition, esmolol ex- 
hibited a more rapid attenuation of its negative chrono- 
tropic effect after its termination compared with 
propranolol, which is a finding consistent with its 
ultrashort-acting pharmacokinetics. Therapeutic re- 
sponse in the 2 treatment groups was not influenced 
by differences in age (<65 vs 265 years), gender, type 
of SVT, primary diagnosis and postoperative status. 

Although more esmolol patients developed asymp- 
tomatic hypotension (systolic blood pressure <90 mm 
Hg) than patients on propranolol, this hypotension 
largely caused no symptoms and no lasting adverse 
consequences. Hypotension occurred more frequently 
in the elderly and postoperative patient group with 
atrial fibrillation. In most patients (16 of 23), hypoten- 
sion resolved within 30 minutes after discontinuation 
of esmolol. The fact that most patients responded to 
50 to 150 ug/kg/min but were then advanced to higher 
doses (>200 ug/kg/min), which resulted in hypoten- 
sion, suggests that hypotension might be avoided with 
more careful esmolol titration. 

In a multicenter, double-blind, randomized, partial 
crossover study, esmolol (64%) was found to be more 
effective than placebo (8%) in the treatment of pa- 
tients with SVT (Fig. 4).!? In this study, most respond- 
ers achieved response at doses of 50 to 150 ug/kg/min 
of esmolol. Further, it has been shown that in these 
patients, after discontinuation of esmolol, HR re- 
turned to preinfusion level within 30 minutes. This indi- 
cates that esmolol as used in the present study is simi- 


lar to findings observed in a placebo-controlled study. 
In a multicenter, open-label study, esmolol infused for 
durations up to 24 hours was found to be effective and 
well tolerated in patients with SVT (Fig. 5).!! The 
average dose of esmolol among responders was 97.2 + 
5.5 ug/kg/min. In most responders (90%), therapeutic 
response was sustained during the maintenance peri- 
od and the response rate was similar among patients 
with atrial fibrillation, atrial flutter, sinus tachycardia 
and other types of SVT. Although the incidence of 
hypotension (symptomatic, 1376 and asymptomatic, 
31%) was more frequent than other adverse reactions 
among patients infused for durations of up to 24 hours 
(Table IV), in most of these patients (9270) hypoten- 
sion resolved either during esmolol infusion or 30 min- 
utes after discontinuation of esmolol. Thus these re- 
sults are similar to the findings of the present study. 
Esmolol has other potential applications that have 


been studied to date, including its effect on decreasing © 


ischemic necrosis as shown by a reperfusion myocardi- 
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al infarction study in dogs.!2 Its use in anesthesia to 


decrease HR acceleration and to control postoperative 
tachycardia has also been reported.!?!^ Its potential 


role in the treatment of acute hypertensive emergen- — 


cies and in the management of ventricular arrhyth- 
mias is yet to be fully explored. These data suggest 
that esmolol deserves further trial in patients with 
unstable cardiovascular states, particularly because of 
its potency and the fast elimination of the 8-blocking 
effects when its infusion is discontinued. 


References 


1. Frishman WH. Beta-adrenergic antagonists: new drugs and new indica- - 


tions. N Engl J Med 1981;305:500-506. 

2. Ritshcel WA. Compilation of pharmacokinetic parameters of beta-adren- 
ergic blocking agents. Drug Intell Clin Pharm 1980;14:746-756. 

3. Sum CY, Yacobi A, Kartzinel R, Stampfli H, Davis CS, Lai CM. Kinetics 
of esmolol, an ultra-short acting beta-blocker, and of its major metabolite. 
Clin Pharmacol Ther 1983;34:427-434. 

4. Hjalmarson A, Herlitz J, Holmberg L, Rydén L, Swedberg G, Vedin A, 
Waagstein F, Waldenstróm A, Waldenstrom J, Wedel H, Wilhelmsen L, 
Wilhelmsson C. The Goteborg Metoprolol Trial: effects on mortality and 
morbidity in acute myocardial infarction. Circulation 1983;67: suppl:l- 
26-1-32. 

5. Erhardt PW, Woo Cm, Gorczynski RJ, Anderson WG. Ultra-short acting 
B-adrenergic receptor blocking agents: 1. (Aryloxy)propranolamines con- 
taining esters in the nitrogen substituent. J Med Chem 1982; 
25:1402- 1407. 

6. Erhardt PW, Woo CM, Anderson WG, Gorczynski RJ. Ultra-short acting 
B-adrenergic receptor blocking agents. 2. (Aryloxy)propranolamines con- 
taining esters on the aryl function. J Med Chem 1982;25:1408- 1412. 

7. Gorczynski RJ, Shaffer JE, Lee RL. Pharmacology of ASL-8052, a novel 
beta-adrenergic receptor antagonist with an ultra-short duration of action. 
J Cardiovasc Pharmacol 1983;5:668-677. 

8. Sum SY, Stampfli HF, Lai CM, Kam ST, Erhardt PW, Woo CM, Yacobi A. 
Species difference in the hydrolysis of ester-containing beta-blockers by 
plasma esterases. Proceedings of the 33rd National Meeting of the Acad- 
emy of Pharmaceutical Sciences, San Diego, 1982. 

9. Greenspan AM, Senior S, Webb CR, Rae AP, Sokoloff NM, Speilman SR. 
Electrophysiologic effects of esmolol: an ultra-short acting beta-blocker 
(abstr). Circulation 1984;70: suppl:Il-44 1. 

10. Byrd C, Sung RJ, Marks J, Parmley WW. Safety and efficacy of esmolol 
(ASL-8052): an ultra short-acting beta-adrenergic blocking agent) for 
control of ventricular rate in supraventricular tachycardias. JACC 
1984;3:394-399. 

11. MacCosbe PE, Gray R, Sawin H, Lester R, Tschida V, Hoff J, Brehm J, 
Allin D, Turlapaty P, Laddu AR. Antiarrhythmic efficacy and safety of 
esmolol in supraventricular tachycardia (abstr). Drug Intell Clin Pharm 
1985;19:446. 

12. Lange R, Kloner R, Baunwald E. First ultra-short acting beta-adrenergic 
blocking agent: its effect on size and segmental wall dynamics of reper- 
fused myocardial infarcts in dogs. Am J Cardiol 1983;51:1759- 1767. 


13. Menkhaus PG, Reves JG, Alvis JM, Kirklin JK, Zorn GL, Kap RB, Pacifico 


AD, McGiffin DC, Govier AV, Henling CE, Lell WA, Samuelson PN, Harris 
CK. Attenuation of heart rate response to intubation by a new beta- 
adrenergic blocking drug, esmolol. Anesthesiology 1984;61:A20. 


14. Gray R, Bateman T, Czer L, Conklin C, Matloff J. Esmolol—4A new ultra- - 


short acting beta-blocking agent for rapid control of heart rate in postop- 
pee T tachyarrhythmias (abstr). Circulation 1984;70: 
suppl:ll-385. 


Dr. Iskandrian (Philadelphia, Pennsylvania): Dr. Mor- 
. ganroth, hypotension in the postoperative patient is always 
|a problem by itself. These patients have several IV lines 
running and their fluid balance is generally not good. I would 
- like to know: Was there anything unusual about these pa- 
tients who had hypotension? Were they postoperative pa- 
| tients? Was their left ventricular function compromised? 
Was an attempt made to titrate the dose down and continue 
the infusion at the lower rate? Was the hypotension ob- 
| served without an effect on the rate, or was it a concomitant 


_ effect with the rate changes? 


.— Dr. Morganroth (Philadelphia, Pennsylvania): One of 
_ the deficits of doing a controlled study, particularly a dou- 
 ble-blind study involving many centers, is that one doesn't 
have the flexibility of acting in an open fashion. So the 
answers to most of your questions are no, because we didn't 
have the luxury of being able to have the patients' doses of 
esmolol titrated down or up, depending on a clinical re- 
sponse. It was all rigidly controlled by protocol by a study 
nurse in order to justify the pooling of multicenter data. I do 
. not have any information regarding the data in this study 
relative to what percentage of the patients with asymptom- 
atic hyotension would have had just as good an efficacy 
endpoint at, say, a 50 ug/kg/min decrease of their infusion, 
which is what you suggest. I have no doubt that would occur, 
which is suggested from just looking at the distribution of 
patients in the various groups where adverse effects occur. In 
terms of whether there was anything special about that 
group—were they closer to being right out of the operating 
room or were there any other factors that could be identi- 
fied—the answer is no. Unfortunately, we do not have very 
precise measurements. For example, ejection fraction data 
per se on these patients are not available, so we could not 
identify any specific factor. 


. Dr. Gray (Los Angeles, California): I might be able to 
provide a partial answer to your question. We participated in 
an open-label supraventricular tachyarrhythmia study, in 
which all our patients were postoperative. The results were 
published in the June 1985 Journal of the American College 
of Cardiology. There were 24 patients and we used a similar 
protocol, except that it was an open-label, 1-drug study with 
no comparison. We had virtually the same incidence of hy- 
potension as an adverse effect in which the substrate was the 
same—atrial fibrillation and some sinus tachycardia. Of our 
12 patients who experienced hypotension, all but 2 could be 
continued on the drug by lowering the dose. In other words, 
we could wean back the dosage, maintain heart rate control 
to a reasonable extent and avoid the hypotension. In 2 pa- 
tients we did have to discontinue the drug because of hypo- 
tension. In this particular study population, on average, the 
ejection fraction was in the low-normal range. There were 
patients who were in the decidedly abnormal range and some 
were in the clearly normal range. So, like all the other clinical 
work here, it is a mixture of things. My impression is that in 
patients who are fluid-depleted, or who have potential for 
subclinical fluid depletion, that is a factor related to hypo- 
tension. For instance, giving concomitant intravenous fluid 
challenge will sometimes raise the blood pressure and allow 


Discussion 


you to continue the dose of esmolol at the same level. But, by 
and large, we would first titrate back the dose of esmolol. 


Dr. Morganroth: I think what we have learned this morn- 
ing from the clinical pharmacology data was that peripheral 
vascular resistance does not increase on esmolol; therefore, 
esmolol is not a vasodilator. At least esmolol does not in- 
crease peripheral resistance; therefore, volume is going to be 
an important issue in these patients versus propranolol, in 
which one would expect some peripheral resistance to help 
compensate for a lowering of blood pressure. With esmolol, 
one won't have that compensation, and a fluid challenge may 
be the best first treatment, perhaps with some simultaneous 
decrease in the esmolol dose. 


Dr. Kirshenbaum (Boston, Massachusetts): Thirty per- 
cent of the patients had coronary artery disease, at least as a 
label, presumably because they had a history of angina or a 
history of prior infarctions. Were any of them actively isch- 
emic at the time they received the drug and had the tachy- 
cardia? 


Dr. Morganroth: No, that would be an exclusion criteri- 
on for a protocol such as this, because one would want to 
treat active ischemia, particularly in an intensive care unit. I 
can only speak for my own patients, but it presumably holds 
for all the other investigators that none of the patients would 
have had either any obvious ischemia by any criteria, or, in 
fact, anything that would require immediate treatment, 
such as ventricular arrhythmias—nonsustained ventricular 
tachycardia, for example. 


Dr. Kirshenbaum: In your off-drug heart rate response, 
at 20 minutes the esmolol population was still roughly 20% 
below their baseline heart rate. Is this because some of them 
had converted to a sinus rhythm and, therefore, would not 
return to the tachycardia? Or was it that, if you had waited 
40 minutes or an hour, you would have seen them return to 
their baseline tachyarrhythmia? 


Dr. Morganroth: I think there are multifactorial reasons 
why the esmolol patients' heart rates were still not back to 
baseline, after a few half-lives had passed. The reason is that 
after their acute arrhythmia is identified and IV lines are 
begun, they are asked to sign a consent form and they are 
watched by several people. I would postulate that their cate- 
cholamine levels are relatively high because they are fright- 
ened. After 1 or 2 hours—or actually up to 4 hours in most 
patients—they settle down and, therefore, their heart rate is 
as if they had been on placebo the entire time. If we had a 
placebo group, I would suspect that the esmolol group at 20 
minutes would be identical to a placebo group. 


Dr. Reves (Durham, North Carolina): Was there any dif- 
ference in the degree of hypotension among centers? This 
gets at the point again about sympathetic tone; postopera- 
tively, I know there is a lot of differene in the emergence 
from various anesthetic regimens that, I doubt, were con- 
trolled in this. 


Dr. Morganroth: No, anesthetic regimens were not con- 
trolled among the centers. 
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Dr. Lee (McGaw Park, Illinois): A point of clarification: 
You mentioned you had 4 patients with symptomatic hypo- 
tension that had to be discontinued from study. You also 
mentioned 15 patients that were prematurely terminated 
because of hypotension. Could you clarify this? 


Dr. Morganroth: Those 15 included the 4 who were termi- 
nated early because of symptomatic hypotension. They also 
included many of the patients who were terminated because of 
reaching a blood pressure of 90 mm Hg, and the physician said, 
well, that’s good enough, let’s stop the patient at this point. 
Obviously, in the clinical setting there would be no reason not 
to have continued many of these patients on esmolol and, 
whether given fluid or not, they would have done perfectly well. 
So, premature discontinuation of esmolol does not necessarily 
mean it was done for medically necessary reasons. It was more 
for study protocol reasons. 


Dr. Lee: As you know, we are doing a study now compar- 
ing esmolol with verapamil in supraventricular tachyar- 
rhythmia, and this is a hypothetical question because I don’t 
know the answer yet as to how the study is going. But, if we 
assume that esmolol was as effective as verapamil in this 
study in terms of lowering ventricular rate, would you view 


esmolol as a possible agent to use before verapamil because 
of its short half-life? Would you use esmolol first, for exam- 
ple, and then if it didn’t work, use verapamil? 


Dr. Morganroth: This is a very good question. I think it 
was addressed a little bit by Allan Greenspan this morning. 
The question is, if as a physician I have a patient with 
supraventricular tachycardia and I have 2 drugs I could 
reach for on the shelf, one being esmolol and one being 
verapamil, which would I choose first? I think in this kind of 
population, I would have no hesitancy to argue that esmolol 
should be reached for first, for a very simple reason. I suspect 
verapamil is more potent compared with esmolol in terms of 
suppressing atrioventricular nodal conduction. Therefore, if 
I have a patient and I am not quite sure of how the left 
ventricle is going to react to the 2 drugs, I would much 
rather pick a drug with a very short half-life, such as esmolol, 
rather than verapamil, which has a much longer half-life. 
Then, if esmolol doesn’t work, I would probably have no 
reason to hesitate using a smaller dose of verapamil to add to 
esmolol. The combination of these 2 drugs in the refracto- 
ry patient—which should be uncommon—might be very 
useful, but the dose of verapamil would have to be kept 
very small. 
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Experimental and Clinical Observations 
on the Efficacy of Esmolol in Myocardial Ischemia 
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Beta blockers reduce myocardial oxygen demand and 
are therefore useful in ischemic states. They reduce 
angina pectoris and reduce the risk of death when 
administered long-term after acute myocardial infarc- 
tion. Some studies suggest that when administered 
early after coronary occlusion they can reduce myo- 
cardial infarct size. Relative contraindications to 6 
blockers, such as a history of congestive heart failure, 
. chronic obstructive lung disease, atrioventricular con- 
duction defects and low blood pressure, limit their use. 
Conventional 8 blockers have a relatively long dura- 
tion of action and are either contraindicated or must 
be used with particular caution in patients with these 
contraindications. Esmolol is an ultrashort-acting 6 


Experimental and clinical studies confirm that B8-ad- 
renergic blockers have beneficial effects during myo- 
cardial ischemia.! Beta blockers are useful in treating 
angina pectoris?-^ and have been shown to reduce mor- 
tality when administered long-term to patients who 
have recovered from myocardial infarction.>-? Whether 
the acute administration of 8 blockers is capable of 
reducing myocardial infarct size remains controver- 
.sial. Some experimental and clinical studies have 
shown that 8 blockers do reduce myocardial infarct 
size, while others have failed to show this effect. 
Nevertheless, 8 blockade remains an important means 
by which to reduce myocardial oxygen demand and 
thereby diminish ischemia in the setting of unstable 
angina, chronic stable angina and angina pectoris oc- 
curring after myocardial infarction. However, because 
B blockers have the potential for exacerbating conges- 
tive heart failure, for impairing conduction, for reduc- 
ing blood pressure and for precipitating broncho- 
spasm, they are not used in some patients, especially 
during the periinfarction period. 
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blocker with a biologic half-life of 9 minutes. There- 
fore, such an agent may be useful in patients with 
ischemic heart disease in whom reducing heart rate 
would be beneficial but in whom there is concern that 
B blockers might not be tolerated. Esmolol reduced 
myocardial infarct size in 2 experimental studies of 
coronary occlusion followed by reperfusion, and im- 
proved the recovery of the stunned myocardium when 
administered during experimental myocardial isch- 
emia. Esmoiol's brief duration of action may make it 
safer than conventional 5 blockers for the manage- 
ment of patients with unstable angina or myocardial 
infarction. 

(Am J Cardiol 1985;56:40F-48F) 


In recent studies, 18 to 28% of postinfarct patients 
could not receive 8 blockade because of the presence of 
absolute or relative contraindications.5-? The poten- 
tial advantage of an ultrashort-acting B-blocking 
agent is that it can be administered to patients who 
could potentially benefit from a reduction in myocar- 
dial oxygen demand, but who may not be able to toler- 
ate 8 blockade. The short biologic half-life (9 minutes) 
of esmolol allows this drug to be administered to such 
patients, with the knowledge that if they cannot toler- 
ate § blockade, the effects of the drug are rapidly 
reversed by simply discontinuing the infusion.!? 


Experimental Studies of Conventional Beta Blockade 
in Ischemic Heart Disease 


There is substantial experimental evidence that 8 
blockers protect ischemic myocardium.! The ability of 
these agents to reduce actual ischemic cell death, how- 
ever, remains controversial. Dog studies showed that 
propranolol and practolol reduced epicardial and pre- 
cordial ST-segment elevation consequent to occlusion 
of the left anterior descending coronary artery.!!-14 
Hillis et al? showed that pretreatment with proprano- 
lol significantly blunted the rise in intramyocardial 
PCO» (a measure of myocardial ischemia!9) after coro- 
nary occlusion, suggesting that 8 blockade reduced the 
severity of ischemia. Goodlet et al!" demonstrated that 
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propranolol infused directly into an ischemic area of 
myocardium preserves high-energy phosphate levels. 
In addition, propranolol has been shown to reduce the 
ultrastructural changes that occur during the first few 
hours of coronary occlusion, including the extent of 
mitochondrial swelling,!? and extent of microvascular 
injury.!? Possible mechanisms of action are shown in 
Table I. 

Studies that have assessed the ability of 8 blockers 
to reduce the extent of ischemic cell death after coro- 
nary artery occlusion have shown mixed results. Mar- 
oko et al!? showed that for similar degrees of epicardial 
ST-segment elevation 15 minutes after occlusion but 
before treatment, animals receiving propranolol had 
less depletion of creatine kinase activity at 24 hours. In 
other experimental studies, propranolol was shown to 
reduce the extent of necrosis estimated from loss of 
electrocardiographic R waves and development of Q 
waves,?? and in others to reduce infarct size as assessed 
by pathology.?! Miura et al?? suggested that the ability 
of a 8 blocker to reduce infarct size was highly depen- 
dent on the time at which the agent was administered 
in relation to coronary occlusion. Thus, while pretreat- 
ment with 6 blockade reduced infarct size by 53%, 
when 8 blockade was administered 3 hours after occlu- 
sion, the reduction of infarct size was 28%, and when 
administered 6 hours after coronary occlusion, no ef- 
fects were observed.?? 

However, there have been a number of studies in 
which 8 blockade was shown to have no beneficial 
effect on myocardial infarct size. For example, Cheng 
et al? showed that pretreatment with propranolol had 
no effect on infarct size in primates with 2 hours of 
coronary occlusion and reperfusion, while Reimer and 
Jennings observed that propranolol failed to reduce 
the extent of necrosis in dogs when the coronary occlu- 
sion was maintained for 3 hours followed by reperfu- 
sion.?4 Peter et al? also showed no benefit of propran- 
olol on experimentally produced infarcts. Lange et al? 
showed that metoprolol and pindolol failed to reduce 
infarct size in a permanent coronary artery occlusion 
model in which the “area at risk" of developing necro- 
sis was measured with radioactive microspheres. 
Reynolds et al?’ also showed that 8 blockade was inef- 
fective in reducing the size of experimentally induced 
myocardial infarcts in the dog with permanent coro- 
nary artery occlusion, but was effective in reducing 
infarct size when 1 hour of coronary occlusion was 
followed by reperfusion. 

The reason for the discrepancies in the results 
among the various studies showing a beneficial effect 
versus those showing no effect of 8 blockers on infarct 
size remains to be elucidated. One possibility is that 8 
blockers, by reducing the myocardial oxygen demand, 
only delay the death of ischemic cells. If reperfusion is 
carried out early enough, at a time when treated cells 
are still viable (because the drugs have delayed cell 
death), then 8 blockers may reduce infarct size. If on 
the other hand, reperfusion is not instituted at all or is 
initiated too late, then eventually all cells destined to 
undergo ischemic cell death do so, and 8 blockers fail 
to reduce infarct size. 


TABLE! Possible Mechanisms of Action by Which Beta 


Blockers Reduce Ischemic Injury 


Reduction of myocardial oxygen consumption by blockade of 
B-adrenergic receptors (decreased heart rate and contractility) 

Decreased lipolysis and myocardial free fatty acid uptake shifting 
utilization of myocardial substrate to glucose 

Redistribution of coronary collateral flow toward the more 
ischemic subendocardium 

Shifting the O.-hemoglobin dissociation curve to the right 

t Direct membrane-stabilizing effect 

t Alteration of platelet function 


E 


* Principal mechanism of action. 
t Mechanism of little or no importance. 


Experimental Observations on the Effects of Esmolol 


Effect of esmolol on experimental myocardial 
infarct size: Lange?? studied the ultrashort-acting 6 
blocker esmolol in dogs subjected to a 3-hour experi- 
mental occlusion of the left anterior descending artery 
followed by 3 hours of coronary reperfusion. Treated 
dogs received a continuous infusion of esmolol, begun 
15 minutes after coronary occlusion, with the dose 
titrated to reduce heart rate by 20% (100 to 150 
ug/kg/min). The “area at risk" determined in vivo was 
similar in both groups. In control animals, 73 + 6% of 
the ischemic area at risk became necrotic, while in 
treated animals only 48 + 7% became necrotic (p 
<0.025). While untreated animals showed a deteriora- 
tion in cardiac function in the early phases of reperfu- 
sion, no such deterioration of function occurred in the 
esmolol-treated group. Lange’s investigation con- 
firmed and extended a study by Zaroslinski et al,'° 


which showed that esmolol reduced infarct size when. 


coronary occlusion was maintained for 1 hour followed 
by 1 day of coronary reperfusion. 

Therefore, in a coronary reperfusion model, esmolol 
reduced myocardial infarct size and prevented early 
functional deterioration after coronary artery reper- 
fusion. 

Effect of esmolol on stunned myocardium in ex- 
perimentally induced myocardial ischemia: Re- 
cent experimental studies have shown that brief peri- 
ods of transient coronary occlusion followed by reper- 
fusion, in which no necrosis develops, can result in 
relatively prolonged depression of regional function, 
cardiac ultrastructure and high-energy phosphate lev- 
els. This phenomenon has been referred to as stunning 
of the myocardium.” It occurs not only in experimen- 
tal models of acute ischemia,??-3? but may also occur in 
patients with unstable angina?? and in those with mul- 
tivessel coronary artery disease who develop exercise- 
induced angina.*4 Postischemic depression of ventric- 
ular function, i.e., myocardial stunning, may also occur 
in some patients who receive thrombolytic therapy for 
acute myocardial infarction in whom there is little or 
no immediate return of cardiac function following re- 
perfusion, but in whom function is improved 10 to 14 
days after reperfusion.?? 

Three of the coauthors carried out an investigation 
(presented in part at the annual meeting of the Ameri- 
can College of Cardiology, 198338) designed to deter- 
mine whether esmolol enhances functional recovery 
when given before and during brief coronary occlu- 
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- sion. Sodium pentobarbital-anesthetized open-chest 


dogs were intubated and mechanically ventilated. 


. Heart rate and arterial pressure were recorded and the 


left ventricle was instrumented with ultrasonic crys- 


tals in order to measure the percent systolic shorten- 


ing of regional myocardial segments. The proximal left 
anterior descending coronary artery was occluded with 
a Schwartz atraumatic vascular clamp for 15 minutes, 


. followed by 4 hours of reperfusion induced by abruptly 


removing the clamp. This period of ischemia has been 
shown to be too brief to induce tissue necrosis, but 
does mimic severe coronary spasm in man. Twelve 


. dogs received esmolol (100 to 150 ug/kg/min) com- 


mencing 1 hour before the occlusion and ending at the 


onset of reperfusion, while 12 control dogs received 
. saline. Regional myocardial blood flow was measured 


10 minutes after coronary occlusion. 

With coronary occlusion, there was an increase in 
left ventricular (LV) end-diastolic pressure in both 
groups (Fig. 1). With esmolol infusion, heart rate fell 
from 147 to 122 beats/min (p «0.001) and remained 
significantly lower than in the control dogs during the 


. coronary occlusion. Following reperfusion, heart rate 
. in control and treated groups was similar, confirming 
. that 8 blockade is rapidly terminated after esmolol 
— infusion is discontinued. 


LV end-diastolic pressure tended to be lower during 


. the reperfusion phase in the dogs that had received 
. esmolol, although this difference was not significant. 
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FIGURE 1. Hemodynamics in esmolol-treated vs control animals. 
After termination of esmolol infusion at reperfusion, heart rate (HR) 
and dP/dt come back to baseline during the remainder of the experi- 
ment. LVSP = left ventricular systolic pressure; LVEDP = LV end- 


diastolic pressure; dP/dt = change in pressure over change in time. 


Pre = pre-drug therapy; Post = post-drug; OCC = occlusion. 
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There was a significant fall in dP/dt during the infu- 
sion of esmolol and the fall in dP/dt during coronary 
occlusion was greater in the treated than in the control 
group (Fig. 1). Upon coronary reperfusion and termi- 
nation of esmolol infusion, dP/dt in the control and 
treated groups was similar, confirming esmolol’s short 
half-life. 

Typical waveforms of subendocardial segmental 
wall motion from a control animal and an esmolol- 
treated animal are shown in Figure 2. In both groups, 
preocclusion waveform morphology showed active 
contraction (segment shortening) as demonstrated by 
a reduction in the distance between crystals during 
systole (downward deflection on the tracing). After 15 
minutes of coronary occlusion the ischemic myocardi- 
al segments bulged paradoxically during systole. After 
4 hours of reperfusion, systolic bulging was less in- 
tense, but was still present in the control dog. In con- 
trast, the dog that had been treated with esmolol dur- 
ing occlusion showed active contraction during the 
reperfusion phase. 

The extent of systolic shortening of the subendocar- 
dium in control and esmolol-treated animals is com- 
pared in Figure 3. Before coronary occlusion, systolic 
shortening was positive, reflecting active contraction. 
During coronary occlusion, systolic shortening became 
negative; i.e., paradoxical bulging occurred. Upon re- 
perfusion, there was some recovery in both groups; but 
after 4 hours of reperfusion in controls there was, on 
the average, still no active contraction, indicating se- 
vere stunning of the myocardium. In contrast, systolic 
shortening did occur in animals that had received es- 
molol. In control animals, recovery of subendocardial 
wall motion was only 8% of preocclusion value, while in 
esmolol-treated animals recovery was 4896 (p «0.05). 
Although improved recovery was observed with esmo- 
lol in the subendocardium, the degree of recovery in 
the subepicardial tissue did not differ between groups. 

There was a trend, which was not statistically signif- 
icant, for regional myocardial blood flow to be lower in 
the esmolol-treated group in both ischemic and non- 
ischemic subepicardium and subendocardium (Fig. 4). 
These findings suggest that the beneficial hemody- 
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FIGURE 2. Waveform tracings show segment length between a pair 
of ultrasonic crystals within the ischemic zone of a control vs esmo- 
lol-treated animal. Vertical markings represent end-diastole (ED) and 
end-systole (ES). Preocclusion (PRE-OCC.), the left ventricular seg- 
ment shortens during systole in both animals; during coronary occlu- 
Sion (OCC.) there is paradoxical systolic bulging in both animals. With 
reperfusion (REP) there is active shortening in the esmolol-treated 
animal; paradoxical bulging persists in the control animal (stunned 
myocardium). 
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namic effects of esmolol during the reperfusion phase 
were not due to greater blood flow during coronary 
occlusion. 

Thus, in the anesthetized open-chest dog with tran- 
sient myocardial ischemia, esmolol reduced heart rate 
significantly, an action that was rapidly reversed upon 
termination of esmolol infusion. Esmolol also accel- 
erated postischemic recovery of reperfused, stunned 
subendocardium. 


Clinical Studies of Beta Blockers 
in Ischemic Heart Disease 


Beta blockers are now widely used for the treatment 
of angina pectoris, and several studies have shown that 
they reduce the frequency of angina and increase the 
threshold for the development of angina.?-* In addi- 
tion, 8 blockade increases the threshold for developing 
angina pectoris, even in those patients whose heart 
rate is maintained constant by atrial pacing.?' 

When administered to patients with acute myocar- 
dial infarction, 8 blockers have been shown to reduce 
heart rate, arterial pressure and cardiac output with 
small and variable changes in LV filling pressures;?5-4? 
in addition they narrow the arterial-coronary sinus 
oxygen difference and lessen myocardial lactate pro- 
duction.?? Mueller et al^? showed that in patients with- 
out contraindications to 8 blockade, propranolol re- 
duces myocardial oxygen consumption and does not 


cause large increases in pulmonary capillary wedge 


pressure. Propranolol reduces plasma catecholamine 
concentrations during evolution of infarction and 
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FIGURE 3. Percentage of systolic shortening (% SS) of left ventricu- 
lar segments as assessed by ultrasonic crystals. 





shifts the metabolism from that of free fatty acids to 
carbohydrates.?54! 

Several clinical studies have shown that 8 blockade 
is capable of reducing ST-segment elevation during 
myocardial infarction;?4243 in addition, Waagstein 
and Hjalmarson demonstrated that these agents re- 
duce ischemic chest pain during infarction.“ 

Clinical studies that have assessed the ability of 8 
blockers to reduce myocardial infarct size have provid- 
ed mixed results, not dissimilar to experimental re- 
sults. Yusef et al4&? reported that intravenous atenolol 
administered during the early phase of infarction re- 
duced MB-CK release. Early administration of meto- 
prolol, alprenolol or timolol has been shown to reduce 
infarct size, estimated by enzymatic techniques or 


QRS analysis.546-4? Peter et al“ reported that patients | 


treated with propranolol within 4 hours of onset of 
symptoms had lower peak CK values and less cumula- 


tive CK appearance. Norris et al? showed that pro- — 


pranolol reduced the incidence of threatened myocar- 
dial infarction. 
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On the other hand, there have been several studies 


in which 8 blockers had no effect on myocardial infarct 


size in humans. A large multicenter study to assess the | 


effect of propranolol on infarct size, measured by both 
enzymatic technique and electrocardiographic QRS 
mapping, showed no beneficial effect;? however, in this 


study, patients did not receive the 8 blocker until an — 


average of more than 8 hours after symptoms—a time 


at which it may have been too late for propranolol to . 


have either delayed cell death or salvaged tissue. Jo- 


hansonn?! studied the effects of 1 dose of intravenous ` - 


practolol followed by oral atenolol in patients with 
acute myocardial infarction and found no difference in 
peak CK elevations or ST elevations. 


There is less dispute about the efficacy of 8 blockers - 


in the post-myocardial infarction patient. There have 
been several recent well-controlled clinical trials that 
have shown that when 8 blockers are administered 
chronically after acute myocardial infarction, long- 
term mortality is reduced.5" Results from 3 of these 
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FIGURE 4. Regional myocardial blood flow (RMBF) in nonischemic 
and ischemic myocardium in control and esmolol-treated animals. 
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TABLE I| Recent Controlled Trials of Beta Blockade After Acute Myocardial Infarction (AMI)? 


Beta 
Blocker No. of 
Studied Pts 


Timolol 1,884 
(vs placebo) 


Study Country 


Norwegian 
Multicenter study 
Group, 19795 


Norway 


Metoprolol 1,395 
(vs placebo) 


Hjalmarson Sweden 


et al, 19819 


Beta-Blocker U.S. 
Heart Attack Trial 
Research Group, 

1982" 


Propranolol 3,837 
(vs placebo) 


*p € 0.05; p < 0.001; p < 0.005. 
Reprinted with permission from Hjalmarson.54 


studies are summarized in Table II. The mechanism of 


action by which 8 blockers reduce long-term mortality | 


is under investigation. In the Beta-Blocker Heart At- 
tack Trial, propranolol was begun 5 to 21 days after 
infarction. Hence, reduced mortality in this study 
could not have been related to any beneficial effect on 
myocardial infarct size. It appears that 8 blockers may 
reduce incidence of ventricular arrhythmias in the 
chronic phase of infarction;? they reduce the inci- 
dence of sudden death and of reinfarction, and it is 
- also possible that they protect the myocardium 
against further episodes of ischemia or infarction. The 
results of these clinical studies are clear enough to 
warrant treatment with 8 blockers of patients who 
have suffered acute myocardial infarction and who 
have no contraindications to this type of therapy. 

In summary, 8 blockers are useful for the treatment 
of angina pectoris and appear to exert beneficial ef- 
fects in patients with acute myocardial infarction—in- 
cluding reduced oxygen demand, reduced mortality 
and, in some studies, reduced infarct size as well. 


Effect of Esmolol in Patients 
with Acute Myocardial Ischemic Syndromes 


The relatively long durations of actions of currently 
available 8 blockers raise concern about the use of 
these agents in certain subgroups of patients with 
acute ischemia or infarction. These include patients 
with LV dysfunction in whom there is concern that 
severe heart failure may be precipitated; patients with 
slightly prolonged PR intervals in whom there is con- 
cern of precipitating further atrioventricular block; 
patients with a history of smoking or chronic obstruc- 
tive lung disease in whom there is concern of precipi- 
tating bronchospasm; and patients whose blood pres- 
sure is on the low side of normal in whom there is 
concern of precipitating hypotension. The risk of de- 


Treatment Dose 
Instituted 


1-4 weeks 20 
after AMI 


Immediately 15 IV, 


after AMI 


1-3 weeks 
after AMI 


Effect on Follow-up 
Mortality Time (months) 


Sudden deaths: 12-36 
Timolol: 471 
(n — 945) 
Placebo: 95 
(n = 939) 
Other cardiac deaths: 
Timolol: 11* 
Placebo: 18 
Mortality: 3 
Metoprolol: 
40* (n — 698) 
Placebo: 62 
(n = 697) 
Sudden deaths: 36 
Propranolol: 64* 
(n — 1,916) 
Placebo: 89 
(n = 1,912) 
Total mortality: 
Propranolol: 138 
Placebo: 188 


(mg/day) 


then 200 


180-240 


veloping these complications may limit the use of 8 
blockers in the very patients in whom reduction of 
oxygen demand would be most useful. Because the 
duration of action of esmolol is only minutes, patients 
may receive this drug with relative safety; if adverse 
effects develop, the drug can simply be stopped and 
the adverse effects rapidly reversed. This is not the 
case with conventional 8 blockers, which require sev- 
eral hours to dissipate. Kirshenbaum et al®° recently 
reported the results of a study in which the safety and 
efficacy of esmolol in lowering the ventricular rate was 
determined in patients with myocardial ischemia. The 
study group consisted of 5 patients with acute myocar- 
dial infarction, 10 patients with post-myocardial in- 
farct angina and 4 patients with unstable angina, all of 
whom had a heart rate >60 beats/min. After baseline 
hemodynamic measurements, esmolol was adminis- 
tered in maximum doses of 300 ug/kg/min and infused 
for up to 420 min. Heart rate fell from 92 + 11 (mean + 
standard deviation) to 77 + 13 beats/min (p «0.01), 
and systolic arterial pressure fell from 120 + 13 to 97 + 
11 mm Hg (p <0.01) during the initial 30-minute infu- 
sion period, and these parameters remained signifi- 
cantly reduced throughout the infusion. Thirty min- 
utes after terminating the infusion of esmolol, heart 
rate returned to within 4% of baseline values and mean 
arterial pressure to within 6% of baseline values. Dur- 
ing esmolol infusion, there was no statistically signifi- 
cant increase of pulmonary capillary wedge pressure 
or PR interval. All 5 patients who required early termi- 
nation of infusion because of systolic blood pressure 
falling below 90 mm Hg recovered within 30 minutes of 
stopping esmolol. 

No patient developed symptomatic bronchospasm 
or initiation or exacerbation of congestive heart fail- 
ure. No patient developed atrioventricular conduction 
abnormalities while on esmolol. Fourteen patients 
who completed the maintenance infusion of esmolol 


were started on conventional oral 8 blockers. All pa- 
tients tolerated oral 8 blockers without developing 
symptomatic adverse reactions. 

The results of this study suggest that esmolol is safe 
and effective in lowering heart rate and arterial pres- 
sure (and hence rate-pressure product) in patients 
with acute myocardial ischemia and infarction and 
that the hemodynamic effects are rapidly reversed 
after termination of the infusion. In patients with 
acute ischemia in whom there is a desire to reduce 
oxygen demand, but concern that 8 blockade may pre- 
cipitate heart failure, bronchospasm, conduction ab- 
normalities or hypotension, esmolol may be safer to 
use than conventional longer-acting 8 blockers. 

Insummary, 8 blockers have been shown to be bene- 
ficial in the treatment of acute myocardial ischemia 
and have been shown to reduce mortality when admin- 
istered long-term after acute myocardial infarction. 
Their effect on myocardial infarct size remains contro- 
versial. The ultrashort-acting 8 blocker esmolol may 
be an ideal drug to use in patients with myocardial 
ischemia in whom a reduction of heart rate is desirable 
but in whom there is concern that 8 blockers might not 
be tolerated. This agent has been shown to reduce 
experimental myocardial infarct size in reperfusion 
protocols and to improve recovery of the stunned myo- 
cardium. Clinical studies suggest that esmolol is effec- 
tive in reducing heart rate of patients with ischemia 
and that its effect on heart rate is rapidly reversed 
after termination of drug infusion. 
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Discussion 


Dr. Sonnenblick (Bronx, New York): I might ask you the 
first question. Might you be mixing 2 endpoints? One is 
infarct size and the other is whether one can subdue active 
ongoing ischemia, such as unstable angina? The MILIS 
study was quite negative and I think very disappointing, and 
even the metoprolol repeat MIAMI study came out negative. 
In the face of that, one has to worry about being able to 
reduce infarct size metabolically. On the other hand, I do not 
think there is much argument among most people that un- 
stable angina, when stabilized, has probably saved some 
myocardium basically by avoiding an impending infarction. 
With that in mind, did you see a clinical benefit in that 
patients had less chest pain and electrocardiographic 
changes than occurred during an unstable state? In other 
words, it is nice to have a decrease in heart rate and blood 
pressure, and if it is tolerated safely, I think that is a very 
nice benefit. However, was there a clinical benefit of esmolol 
that you could say was easily demonstrable either by chest 
pain, electrocardiographic changes or your clinical assess- 
ment of the patient? 


Dr. Kirshenbaum (Boston, Massachusetts): In this pre- 
liminary study, clinical efficacy as determined by either a 
reduction in infarct size or a decrease in frequency or sever- 
ity of ischemic episodes was not specifically measured. How- 
ever, our impression was that esmolol did in fact provide a 
clinical benefit to the patients. We had 8 patients on intrave- 
nous nitroglycerin at the initiation of the 8 blockade because 
they had episodes of chest pain during the preceding 24 
hours. In 6 of those 8 we had to terminate the intravenous 
nitroglycerin during the esmolol infusion because of the 
blood pressure response. None of these 6 patients had subse- 
quent ischemic events during the esmolol infusion. At the 
end of the study when we turned the esmolol off, only 1 of 
those patients went on to have another episode of chest pain 
requiring reinstitution of intravenous nitroglycerin. All of 
these 8 patients were started on oral 8 blockers. In all 19 
patients, only 2 had esmolol discontinued because of hypo- 
tension associated with an acute ischemic event. One patient 
had an evolving acute anterior myocardial infarction; the 
other patient developed a postprandial vagal eqisode associ- 
ated with a fall in blood pressure and angina. I have no data 
on the frequency of ischemic events in the hours immediate- 
ly before esmolol infusion and so I cannot comment on 
whether esmolol actually caused a reduction in the number 
of ischemic events. But at least in the 19 patients, the vast 
majority had no ischemic episodes during their esmolol infu- 
sion. In 1 patient, in fact, who had the esmolol terminated 
according to protocol and metoprolol started, there was a 
delay in starting the metoprolol between the house officer 
writing the order and the nurse fulfilling it. During that 
time, the patient had an ischemic episode with acceleration 
of her heart rate. She had clear angina during that time. So it 
is clinically suggested that during esmolol we are preventing 
the increase in oxygen demand and that minimizes the epi- 
sodes of ischemia. Thus, it is clinically suggested that esmo- 
lol’s ability to lower myocardial oxygen demand via reduc- 
tion in heart rate-blood pressure product has the potential 
for reducing angina. 


Dr. Morganroth (Philadelphia, Pennsylvania): Because 
of this experience, do you now, or would you if you could, 
routinely use esmolol in every patient in the coronary care 





unit who has active ischemia? If not, in whom would you be < 


more cautious with the agent except for the obvious issues of 
heart block or overt heart failure? 


Dr. Kirshenbaum: If I had a patient with symptomatic 
ischemia with a resting heart rate >75 beats/min and systol- 
ic pressure >110 mm Hg in whom I felt augmented myocar- 
dial oxygen demand was contributing to angina, I think it 
would be prudent to begin esmolol. 


Dr. Morganroth: Do you place all patients with asymp- 


tomatic infarction or uncomplicated infarction in their first 
day on intravenous ĝ blockers? 


Dr. Kirshenbaum: No. 


Dr. Morganroth: None of them, or if some, which pa- 
tients? 


Dr. Kirshenbaum: The initiation of 8 blockade in the 
acute infarct setting where patients are asymptomatic is 
presumably going to be done to reduce infarct size or to 
prevent against further eqisodes of ischemia. The data sup- 
porting 8 blockers for infarct reduction are not yet firm; 
thus, we do not aggressively initiate such medication in an 
asymptomatic patient. On the other hand, the available evi- 
dence certainly supports the use of 8 blockers in post-myo- 


cardial infarction patients for prevention of subsequent . 


myocardial infarctions or sudden death. Thus, we routinely 
place patients without contraindications during their early 
post-myocardial infarction recovery period on oral 8 
blockers. 


Dr. Morganroth: But, you know, the intravenous meto- 
prolol data are such that those patients received the drug on 
admission, or as close to admission as possible, and they had 
a 90-day mortality rate that was clearly less than those who 
received placebo on admission. 


Dr. Kirshenbaum: Yes, but that was not confirmed in the 
MIAMI data and their long-term mortality was no different 
whether the drug was given at the start or at the end of 
admission. I am not by any means trying to claim that esmo- 
lol or any of the 8 blockers are infarct-limiting. What is im- 


portant in the metoprolol study is that 47% of the patients 


who came in were excluded by the study's entry criteria. In 


the 3 large post-myocardial infarction 8-blocker trials, 18 to _ 


20% of patients were excluded at the onset because of poten- 
tial adverse reactions to 6 blockers. Now some of those peo- 
ple were excluded because their heart rates and blood pres- 
sures were already low; in others there was a fear of produc- 


ing bronchospasm, atrioventricular block, etc. It is in this — 


subset of patients that esmolol may be particularly useful in 
defining a cohort that could safely tolerate 8 blockers, de- 


spite a prior history of bronchospasm, conduction system - 


disease, etc. The ability to tolerate esmolol could then select — 


patients who could be safely started on longer acting 8. 


blockers. This would add 8 blockers’ proven long-term pre- 


ventive benefit to post-myocardial infarction patients who - 


currently are routinely excluded from $6 blockers. If they 


y: g 
_ tolerate esmolol, they should tolerate an oral agent, and that 
. hopefully is where esmolol is special. 
. Dr. Sonnenblick: In patients with unstable angina, with 
M a large amount of myocardium at risk, do you think there is a 
.. subgroup in whom you could show that when giving the 8 
Le blocker, you will find the end-diastolic pressure rising and 
_ the output decreasing, which indicates perhaps that the 
= tachycardia is due to a huge infarct—as opposed to another 
-. group where if the filling pressure falls, you have showed a 
_ benefit on the ischemia and that you ought to press ahead 
.. more vigorously with a 8 blocker? Have you seen that differ- 
.. ential? 
» . Dr. Kirshenbaum: Our patient population was too small 
7 to prove this very logical assumption. I suspect most patients 
. with severe unstable angina at rest have markedly dimin- 
. ished myocardial blood supply, secondary to fixed coronary 
. obstruction, with concomitant coronary spasm or thrombo- 
. Sis, rather than acute increase in myocardial oxygen de- 
mand. However, if their instability is accompanied by persis- 
tent elevations in heart rate or blood pressure, then I strong- 
_ly suspect that a reduction of myocardial oxygen demand 
. would help alleviate angina. 
.. Dr. Lowenthal (Philadelphia, Pennsylvania): In the clin- 
-  ically stable patient who has had a myocardial infarction and 
_ who has had a good response to esmolol, would you consider 
. starting an oral 8 blocker during the maintenance period so 
. that when the infusion has been discontinued, there will not 
be any risk of rebound and the patient will be adequately 
. covered? Have you had that experience? 
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Dr. Kirshenbaum: We did not have that experience be- 
cause all of our patients were started on oral agents following 
the termination of the esmolol. One patient had delay in 
receiving oral metoprolol after esmolol infusion and experi- 
enced an ischemic episode in the interim associated with 
tachycardia. 


Dr. Lee (McGaw Park, Illinois): In the patients who be- 
came hypotensive, did the peripheral resistance decrease? 


Dr. Kirshenbaum: While we did not calculate the periph- 
eral resistance during the hypotensive episodes, I suspect it 
was lower. However, the relative contributions to the hypo- 
tension from a reduction in cardiac output versus a reduced 
peripheral resistance are unknown. 


Dr. Lee: I think that's an important issue— whether they 
were hypotensive because of vasodilation or because of re- 
duced cardiac output. 


Dr. Sonnenblick: In the data that he showed, the cardiac 
output, if anything, with time was rising at the time the 
blood pressure was falling. That leaves you the resistance to 
work with, so that would imply that the resistance had fallen 
somewhat further. But you also have volume problems in 
these patients that are on nitroglycerin as well, so it is a 
complex problem. If there are no further questions, I want to 
thank Dr. Kirshenbaum. These are difficult experiments to 
do and he has opened a whole area— both infarct reduction 
and also the safe and effective way to acutely test the prob- 
lem. Thank you. 
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Use of Esmolol in Hypertension After Cardiac Surgery 


RICHARD J. GRAY, MD, TIMOTHY M. BATEMAN, MD, LAWRENCE S. C. CZER, MD, 
CAROLYN CONKLIN, BSN, and JACK M. MATLOFF, MD 





Systolic hypertension, which is common soon after 
cardiac surgery, increases cardiac work and may 
threaten fresh vascular anastomoses. Because post- 
operative hypertension is often associated with ele- 
vated catecholamines and preoperative use of ĝ- 
blocking agents, esmolol, an ultrashort-acting Ó- 
blocking agent, was compared with nitroprusside in a 
crossover study in this setting. Twelve patients, 18 to 
28 hours after cardiac surgery (coronary artery by- 
pass graft in 9, aortic valve replacement in 2 and 
valved aortic conduit with reimplantation of coronary 
arteries in 1 patient) received controlled infusions of 
esmolol (mean dosage 142 + 100 ug/kg/min, range 
50 to 300 ug/kg/min) and nitroprusside (mean dose 
1.6 + 1.3 ug/kg/min, range 0.5 to 2.75 ug/kg/min). 
In this open-label study, choice of the first drug was 
randomized, after which patients were then crossed 
over to the other study drug. Therapeutic response 


(21596 systolic blood pressure reduction) was 
achieved in 11 of 12 esmolol patients and 12 of 12 
nitroprusside patients. Both drugs significantly low- 
ered systolic and diastolic blood pressure, as well as 
left ventricular stroke work index. While the cardiac 
index was decreased by esmolol and increased by 
nitroprusside, neither drug significantly changed 
stroke volume index. Systemic vascular resistance, 
unchanged by esmolol, was decreased significantly 
by nitroprusside. Oxygen saturation and Pao;, un- 
changed with esmolol, were both significantly re- 
duced with nitroprusside. Thus, for hypertension early 
after cardiac surgery, esmolol is safe, effective and 
rapid and, compared with nitroprusside, results in less 
unwanted decrease in diastolic blood pressure and 
oxygen saturation, but there is more decrease in heart | 
rate and cardiac index. 

(Am J Cardiol 1985;56:49F-56F) 





Hypertension, occurring in the early hours after open 
heart surgery, is common and may be quite trouble- 
some. Its occurrence is particularly untimely as fresh 
vascular anastomoses may be threatened, and increas- 
ing demands are placed on a myocardium just begin- 
ning to recover from ischemic insult. Even more seri- 
ous complications may arise in the patient recognized 
at surgery to have an atherosclerotic, thin-walled, ten- 
uous aorta or a recently repaired or coexistent aortic 
dissection. The clinical situation in these patients may 
be one of hyperdynamic circulation with increased 
heart rate and cardiac output. Very often systolic 
blood pressure elevations predominate with normal or 
even subnormal diastolic levels. 

Patients rapidly and completely withdrawn from 
preoperative 8-blocking agents, as well as those previ- 
ously hypertensive, are particularly subject to this oc- 
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currence. The documentation of elevated circulating 
catecholamine levels early after open heart surgery 
has figured prominently in the proposed mechanism 
of this complication.!-> Many investigators have dem- 
onstrated a several-fold increase over preoperative 
levels of epinephrine, which may last for 2 to 3 days. 
Elevations of serum norepinephrine levels are less 
striking but may persist for several days postopera- 
tively. It has also been suggested that extracardiac 
sympathetic activity may contribute to vasoconstric- 
tion or release of norephinephrine from postsynaptic 
junctions.® Alterations in serum renin and aldosterone 
levels have also been implicated but have been less 
completely studied. 

Various definitions of postoperative hypertension 
have been used. Flaherty et al’? suggested that a sud- 
den and persistent increase in mean arterial pressure 
of 20 mm Hg or more, with a mean arterial blood ~ 
pressure of at least 95 mm Hg, was indicative of this 
phenomenon, and found that 61% of patients undergo- 
ing coronary bypass surgery at their institution met 
this criterion. Fremes et al? proposed a mean arterial 
pressure of at least 105 mm Hg and 42% of their coro- 
nary bypass patients met this definition. Considering 







. that an estimated 191,000 bypass surgeries were per- 
. formed in 1983,° one can appreciate the magnitude of 
= this clinical problem. 

. Except in previously hypertensive persons, the nat- 
ural history is usually a benign one, with gradual reso- 
. lution of hypertension over the first 2 to 3 postopera- 
. tive days. Because of its limited duration and the fact 
. that, initially, patients requiring therapy are anesthe- 
. tized, often intubated and unable to take oral medica- 
tions, therapy is almost always intravenous. Some, but 
not all, patients must then be weaned to oral medica- 
. tions, which may be prescribed for several postopera- 
_ tive days. Initial therapy is most commonly sodium 
nitroprusside,? with recent interest in nitroglycerin.’ 
Other intravenous antihypertensives, such as hydral- 
azine, methyldopa and even chlorpromazine, are often 
used as well. Unfortunately, these agents are not well 
suited for treatment of systolic hypertension; in some 
. cases they add to the tachycardia and hyperdynamic 
) circulatory state and may produce hypoxemia. Beta- 
_ blocking agents have potential value, but have been 
. used infrequently because of the traditional nonavail- 
. ability of intravenous infusion and the relatively slow 
. onset and offset of action, should adverse effects arise. 
. . For these reasons, we compared esmolol, an ultra- 
_ short-acting 8-blocking agent, and nitroprusside, 
i the standard form of therapy for postoperative hyper- 
i 
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Methods 


Patient selection: Systolic blood pressure of at least 140 
. mm Hg was required. We chose a systolic blood pressure 
_ criterion because systolic hypertension appears to predomi- 
= nate in this condition, and also because of inaccuracies 
_ known to exist in algorithms for determination of mean 

arterial blood pressure from analog signals. Additionally, 
_ patients had to be between 18 and 75 years old and able to 
- give informed consent. All patients had to have a functioning 

balloon flotation catheter with pulmonary capillary wedge 
pressure «18 mm Hg. Heart rate had to be >70 beats/min 

and the cardiac index >2.2 liters/min/m?, with a stroke vol- 
. ume index >25 ml/beat/m?. Criteria for exclusion included 
pregnancy, atrioventricular block greater than first degree, 
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FIGURE 1. Comparative drug effects on blood pressure atu heart 
rate. 
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sick sinus syndrome without a functioning pacemaker, 
chronic obstructive pulmonary disease severe enough to pre- 
clude the use of a 8-blocking agent or active bronchospasm. 
In addition, patients receiving other experimental drugs 
within the past 2 weeks and those with significant impair- 
ment of renal or hepatic function were excluded. 

Patient description: Twelve hypertensive patients, 5 
men and 7 women, were studied. The mean arterial pressure 
before esmolol treatment was 103 mm Hg; before nitroprus- 
side, it was 106 mm Hg. Average age was 65 + 10 years (range 
43 to 74). The cardiac surgical procedure consisted of isolat- 
ed coronary bypass grafting in 9 patients, with aortic valve 
replacement in 2 patients, and insertion of a valved conduit 
replacement of the aortic root with reimplantation of the 
coronary arteries (the Bental procedure) in 1 patient. 

Preoperatively, 6 patients had received 8-blocking medi- 
cations, and 6 had a history of preoperative hypertension. 
Preoperative left ventricular angiographic ejection fraction 
was 70 + 22% and left ventricular end-diastolic pressure was 
16 + 3 mm Hg. The number of hours in the intensive care 
unit before study was 23 + 3 hours. 

Operative procedure: Anesthetic medications included 
intravenous Fentanyl and diazepam, with supplemental ni- 
trous oxide and halothane as needed. Cardiopulmonary by- 
pass was performed using a bubble oxygenator, and myocar- 
dial preservation used the technique of hypothermic, hyper- 
kalemic cardioplegia. Mean cardiopulmonary bypass time 
was 140 + 51 minutes, ischemic aortic cross-clamp time was 
90 + 43 minutes and the lowest esophogeal temperature 
achieved was 22 + 2°C. The number of grafts inserted per 
patient was 3.5 + 0.9. 

Protocol: After identification of the patient and procure- 
ment of informed consent, a prestudy period was entered 
during which physical examination, medical history, blood 
and urinalysis as well as an electrocardiogram were ob- 
tained. If previously treated for postoperative hypertension, 
as was the case in all patients, medication was weaned and 
discontinued 20 minutes before beginning the study. Pa- 
tients were then randomized to receive either esmolol or 
nitroprusside as their first treatment drug. After randomiza- 
tion, baseline hemodynamic and laboratory data were ob- 
tained. If randomized to esmolol, the first titration began 
with a loading infusion of 500 ug/kg/min for one-half min- 
ute. Following this, 25 ug/kg/min was administered for 4 
minutes. Subsequent increases in titration dosage were at 50 
ug/kg increments and were preceded by 1 full minute load- 
ing infusion. The maximum dosage allowed under this pro- 
tocol was 300 ug/kg/min. If randomized to nitroprusside, the 
first titration began at a dosage of 0.5 ug/kg/min for 2 min- 
utes. The second titration was at 0.75 ug/kg/min, but all 
subsequent increases in dosage were at 0.5 ug/kg/min incre- 
ments. The maximal allowable dosage was 10 ug/kg/min. 
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FIGURE 2. Dose response with esmolol (= 1596 systolic blood pres- 
sure reduction). 
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TABLE! Postoperative Hypertension Study Results 


Esmolol Nitroprusside 





Baseline Drug A% Baseline Drug A% 


Blood pressure 
Systolic (mm Hg) 170 + 12° 136 + 14 —20% 1732411" 141+ 15 — 1896 
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Diastolic (mm Hg) 69 + 14° 63 + 14 — 8% 72 x 15^ 50+ 15 —31% 

Heart rate (beats/min) — 95 € 9* 82 t 11 — 1496 97 + 14* 104+ 15 T? 96 

Responders 
>15% SAP 11/12 12/12 
SAP €120 mm Hg 1/12 3/12 I 
DAP <50 mm Hg 1/12 7/12 A 


* p «0.05 baseline vs drug. 
DAP = diastolic arterial pressure; SAP = systolic arterial pressure. 


The titration period for each drug was ended when certain sure reduction criterion, and therefore were respond- 
criteria had been met. Reaching either a 15% decrease in ers. One of 12 esmolol patients and 3 of 12 nitroprus- 
systolic arterial pressure or a systolic pressure of 120 mm side patients achieved a systolic arterial pressure «120 
Hg constituted efficacy criteria. Heart rate «60 beats/min, mm Hg. Diastolic arterial pressure «50, possibly an is 


systolic arterial pressure <90 mm Hg or reaching the maxi- 
mal allowable dosage of either drug constituted safety end- 
points. After the treatment endpoints had been reached, 
repeat hemodynamic measurements were obtained after 20 
minutes of steady-state infusion. A 20-minute washout peri- 


adverse effect, was seen in 1 esmolol patient and 7 of 12 . 

nitroprusside patients. The blood pressure and heart _ 

rate data are illustrated in Figure 1. E 
Figure 2 illustrates the dose-response relation with 


od followed, and the patients were then crossed over to the esmolol. At 25 ug/kg/min, 4 of 12 patients (33%) 
other drug for a repeat of the titration sequence. achieved the desired blood pressure response. At 100 
Data analysis: All data are reported as mean + standard ug/kg/min, 8 of 12 patients (66%) were cumulative 
deviation. A paired t test analysis was performed to deter- responders. Two additional individual patients, 1 at 
mine significant differences, which were deemed present 150 and the other at 200 ug/kg/min, respectively, were 
when p values were «0.05. added to the cumulative responders, and at the maxi- — 
Results mal dosage level of 300 ug/kg/min, the last additional 
patient became a responder. These data suggest that — 
A summary of results is listed in Table I. Systolic control of hypertension with esmolol may require . 
arterial pressure was decreased with esmolol from 170 higher dosage levels. This is in contrast to the experi- 
+ 12 to 136 + 14 mm Hg, representing a 20% decrease. ence with esmolol in the treatment of supraventricular . 
With nitroprusside, systolic pressure was decreased tachyarrhythmias, where most potential responders 
from 173 + 11 to 141 + 15 mm Hg, an 18% decrease. do so at the dosage of X150 ug/kg/min.!? ] 
Both of these changes are statistically significant. Dia- Figure 3 illustrates the individual systolic blood - 
stolic pressure with esmolol-was reduced from 69 + 14 pressure responses to various dosages of esmolol. Vir- 
to 63 + 14 mm Hg, an 8% decrease, and with nitroprus- tually all patient responses are consistent and predict- — 
side from 72 + 15 to 50 + 15, a 31% decrease, both of able and further reductions in blood pressure occur ~ 
which are statistically significant. Heart rate with es- with progressively higher esmolol dosage. Patient no. 
molol was reduced from 95 + 9 to 82 + 11 beats/min, a 11, at the top of the figure, was the only nonresponder ~ 
14% decrease; in contrast, nitroprusside resulted in a to esmolol and appears to be identifiable because of | 
7% increase, from 97 + 14 to 104 + 15 beats/min. the uniquely high blood pressure before therapy. 3 
Eleven of 12 patients with esmolol, and all of the nitro- The effects of the 2 study drugs upon cardiac filling 
prusside patients, met the 15% systolic arterial pres- pressures are shown in Figure 4. In the left panel, right - 
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FIGURE 3. Individual systolic blood pressure response to esmolol. FIGURE 4. Comparative drug effects on cardiac filling pressures. 
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Discussion 


Dr. Lowenthal (Philadelphia, Pennsylvania): Dr. Gray, 
what was your mean level of PaO% reduction with the nitro- 
prusside? 


Dr. Gray (Los Angeles, California): The mean Pao» level 
went from 118 to 72 mm Hg. 


Dr. Lowenthal: Would you postulate the mechanism to 
be shunting? 


Dr. Gray: That's the general feeling. This finding has 
been demonstrated by many people, and the basic idea is 
that there is paralysis of the usual hemostatic control areas, 
so there is general paralysis of local precapillary regulation 
of blood flow. 


Dr. Lowenthal: Do you think that is augmented at all 
through bypass and the various hookups during coronary 
artery bypass grafts? 


Dr. Gray: I don't know whether there is the same degree 
of change, but this PaO» decrease has also been demonstrat- 
ed in the intensive care setting with both medical intensive 
care unit patients and post-myocardial infarction patients 
who have been monitored hemodynamically. The decrease 

we showed may be more dramatic than in the intensive care 

unit patient, but is something that we encounter very often 
in the management of these patients. It is a reasonably 
serious and frequently noted phenomenon. 


Dr. Lowenthal: Usually during the routine hypertensive 
encephalopathy, with no extracorporeal hookup, a substan- 
tial fall in PaOo—say, from 100 to 70—is unusual. I don't 
know whether it is caused by the conversion to cyanide and 
thiocyanate. But, one of the hemodynamic spin-offs of this is 
whether or not the fall in PaO» could in part be related to the 
higher heart rate response that you see, and that it's not all a 
vascular effect of nitroprusside. 


Dr. Gray: We measured oxygen delivery per pulse, and it 
also diminishes with nitroprusside so I don't think that's the 
explanation. I think we have to keep in mind that all the 
patient groups in which nitroprusside-induced hypoxemia 
has been documented have some element of cardiopulmo- 
nary/physiologic derangement. These are not people off the 
street with, as you say, a hypertensive encephalopathy or 
some noncardiopulmonary reaction. 


Dr. Lowenthal: This is fascinating. Let me direct the 
next question to you, Dr. Reves, and we can discuss it. It is 
possible that this fall in PaO» could be due to blunting by the 
concomitant administration of trimethaphan with nitro- 
prusside? That’s been advocated in an attempt to block 
formation of the cyanide and thiocyanate. 


Dr. Reves (Durham, North Carolina): Let me answer your 
first question about whether or not the drop in PaO; is 
related to cardiopulmonary bypass. I don't think it is. We 
just finished a study looking at shunt fractions immediately 
after bypass. We looked at the duration of bypass and all 
sorts of vasoactive compounds, and, in fact, sometimes a 
shunt fractioning improved after cardiopulmonary bypass. I 
think it's a real effect of sodium nitroprusside in this group 
of patients, the etiology of which I do not know. But I don't 
think the drop in PaO» is affected by cardiopulmonary by- 


might plot it as stroke volume versus pulmonary capillary : 


SSF 


pass per se. Trimethaphan used to be the number 1 drug for — 
postoperative hypertension, but I don’t remember what 
happens to shunt data in those patients. 

Dr. Sonnenblick (Bronx, New York): One of the ques- 
tions I would ask is the problem of interpreting contractility 
or stroke work when you have the blood pressure falling. You | 
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wedge, because the fall in stroke work is going to be so 
dominated by the change in blood pressure that it doesn’t | 
really reflect the Starling-type curve that you're trying to — 
plot. It would probably look somewhat the same, but it - 
would be interesting to see what it looks like as a stroke 
volume plot. 


Dr. Gray: It is obviously a question similar to the problem 
of the chicken and the egg—as the heart has less demand 
placed upon it because of the lower blood pressure, it’s doing 
less work—but is it doing less work because it has been 
paralyzed in some way, or is it simply because the afterload is 
reduced? 


Dr. Sonnenblick: I think the problem there is that you — 
can change the work all over the lot by changing the blood 
pressure, independent of anything else, so it complicates the 
interpretation. You have got to remember the Sarnoff curves 
really were only stroke work curves, because blood pres- 
sure was held constant, so it's really a stroke volume curve © 
with a constant blood pressure. As soon as you change the - 
blood pressure, you can really make the curves move around - 
significantly. 


Dr. Gray: One can construct it here, just simply using the | 
available data. The stroke volume with nitroprusside has 
absolutely no change. The wedge pressure falls from 14 to 10, 
so you would see a downward movement or one suggesting an - 
improved functional status with nitroprusside, the tradi} 
tional vasodilator response shifting to a new curve. The 
stroke volume index with esmolol has no statistically signifi- 
cant change, the number goes from 28 to 27 and the wedge 
pressure goes up a very small amount, from 13 to 14, so we ] 
would see a more or less static situation with regard E 
inotropic influence. 


Dr. Sonnenblick: I would just like to extend anota 
interpretation. Everything that you have shown says postby- | 
pass hypertension is a somewhat unique form of hyertension - 
in that you really seem to have a cardiac-caused hyperten- l 
sion. In other words, you've got an increase in blood pressure © 
that seems to be related to your cardiac output independent - j 
of the peripheral resistance. Is that perhaps related to the | 
postperfusion hypothermia recovery period? 


Dr. Gray: Well, I think the implication of your question is j 
that we don’t know what causes this hypertension. From 
interpreting our data, I would urge others to look at their 
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‘own data in this regard; we don't normally expect to see a 


marked increase in systemic vascular resistance. In some 1 
patients, of course, it is quite high, there is no doubt about it. 4 
I don’t want to imply that this drug is the only answer to this | 
type of problem, because nitroprusside is better in some - 
other patients. However, esmolol does seem to have kind ofa - 


mixed hemodynamic profile with very normal systemic re- - 
. ^ 
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E pose slightly elevated cardiac index, moderately high 
/stolic blood pressure and relatively normal diastolic blood 
pressure. 


n Dr. Lowenthal: To support your contention, I think the 
act that systemic resistance is basically normal and diastol- 
ic pressure is likewise normal, would tend to negate the 
contention that the renin angiotensin system is playing a 


" 


major role here. Even though catecholamines may be elevat- 
ed and innervention into the juxta-glomerular apparatus 
can stimulate renin production, it's probably not playing a 
major role. 

_ Dr. Sonnenblick: So it rather supports the contention 
initially that the postoperative hypertension was caused by a 
catecholamine surge that was cardiac stimulating. It looks 
very much like the type of hypertension you get from stellate 
stimulation. 


i Dr. Gray: I don’t have the results yet, but renin and epi- 
T: ephrine/norephinephrine levels were sent to the laboratory. 


= Dr. Iskandrian (Philadelphia, Pennsylvania): Was the 
pericardium left open, I assume, after the operation? 


_ Dr. Gray: Our surgeons generally just open the pericardi- 
um in the inverted T and leave it open. 


d Dr. Iskandrian: That's fascinating; that's the first time 
we will see the effect on the intracardiac hemodynamics with 
an open pericardium. All the studies so far have been with 
ntact pericardium. It is interesting that, even when the 
pericardium i is open, you still see a slight elevation of the 
wedge pressure. One can only postulate that if the pericardi- 
um was not open, whether the elevation in wedge pressure 
E" have been higher. 
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Dr. Lee (McGaw Park, Illinois): I am interested in your 
observation that the hypertension occurs within 1 or 2 hours 
after surgery. What is the time course of postbypass hyper- 
tension? Is it fairly stable and how long can one expect it to 
last? 


Dr. Gray: This particular group of patients usually 
emerges from the operating room hypertensive, and all of 
our study patients were on some antihypertensive agent 
initially. However, because we have to get an informed con- 
sent, we did wait until the patient could give it to us. It might 
be argued that 24 hours later is still not a proper time to 
obtain a real informed consent on a patient, but that is the 
reality. So we have certain constraints. The patients were all 
studied on the average of 23 hours after the surgery, and the 
range is rather narrow—18 to 26, I think. At the end of the 
titration period, we made our recordings. We made a clinical 
decision at the end of the comparison as to what drug the 
patient should be put on, and in some patients it was esmo- 
lol, and in a few patients it was nitroprusside; mostly it was 
esmolol. We did treat the patients for anywhere from an 
hour and 10 minutes to 23 hours with esmolol—an average of 
just over 6 hours. 


Dr. Morganroth (Philadelphia, Pennsylvania): What prob- 
lems do you see with designing a protocol to clear up the 
confusion about the first 23 hours by actually having obtained 
informed consent before operation on all patients, and then 
allowing the anesthesiologist to start the drip of either nitro- 
prusside or esmolol in the operating room? It seems to me that 
would be a more rigorous design to answer this question. 


Dr. Gray: I see many problems. It would be very difficult 
to design such a protocol. 
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Perioperative Use of Esmolol 


J. G. REVES, MD, and PAOLO FLEZZANI, MD 





Stressful surgical stimuli, such as endotracheal intu- 


bation, surgical incision, organ manipulation and - 


emergence from anesthesia, elicit adrenergic re- 
sponses that precipitate transient but intense in- 
creases in heart rate and blood pressure. Although this 
response is well tolerated in healthy patients, patients 
with ischemic heart disease are at significant risk of 
myocardial ischemia and infarction owing to the sud- 
den increase in myocardial oxygen demand. Paren- 
teral 8 blockers are effective in blunting this adrener- 
gic response, but the duration of action of these agents 
is long-lasting and the degree of 6 blockade is often 
difficult to predict. Further, long-acting parenteral 6 
blockers may cause adverse effects, the reversal of 
which presents a difficult clinical problem in patients 
with ischemic heart disease. The availability of esmo- 
lol, an ultrashort-acting parenteral 6-adrenergic an- 
tagonist with a half-life of 9 minutes, brings obvious 
advantages to the perioperative management of hy- 


pertension and tachycardia. With esmolol treatment, 


the difficulties of therapy with long-lasting 6 blockers 


are avoided. Also, to blunt the adrenergic response, 
the anesthesiologist will have an alternative to in- 
creasing the depth of anesthesia, which can accentu- 


ate cardiovascular depression and prolong awakening _ 


and postoperative respiratory depression. Clinical 
studies performed during the perioperative period re- 
veal that esmolol is safe and effective in this setting. 
Esmolol has been shown to be safe and efficacious in 
patients in ASA classifications | through IV and pa- 
tients undergoing carotid endarterectomy and coro- 
nary artery bypass surgery. The pharmacokinetic pro- 
file, rapid onset and elimination half-life make this 
agent particularly well suited to treat the very intense 
but transient adrenergic responses to surgical stress in 
patients undergoing cardiac and noncardiac surgery. 


(Am J Cardiol 1985;56:57F -62F) 





Esmolol is a fast-acting and ultrashort-lasting 6,-ad- 
renergic antagonist! that has potential for use in the 
perioperative period. A drug that can quickly control 
tachycardia and minimize hypertension without pro- 
longed negative chronotropic and inotropic effects is 
ideal for the treatment of transient episodes of hemo- 
dynamic hyperactivity that occur during anesthesia. 
Stressful stimuli such as endotracheal intubation, sur- 
gical incision and manipulation, cardiopulmonary by- 
pass and emergence from anesthesia elicit adrenergic 
responses that cause transient increases in heart rate 
and blood pressure.? Although tachycardia and hyper- 
tension are well tolerated in most patients, they can 
lead to myocardial ischemia and myocardial damage 
in patients with ischemic heart disease undergoing 
cardiac surgery.? 

The safe use of 8-adrenergic antagonist drugs in the 
perioperative period is well established.* The contin- 
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ued administration of propranolol and other 6-adren- 
ergic antagonists is associated with less severe intra- 
operative hemodynamic instability- and continued 
administration avoids the potential hazards of abrupt 
withdrawal? However, 8-adrenergic antagonists can 
add to the effects of some anesthetics that also pro- 
duce vasodilation, cardiac depression and decreased 
heart rate and interfere with normal homeostatic re- 
flexes.!°-22 The availability of an effective but short- 
lasting 8-adrenergic antagonist brings an obvious ad- 
vantage in anesthetic management because it obviates 
the need to use either long-lasting 8-adrenergic antag- 
onists or the requirement to increase depth of anesthe- 
sia, which can accentuate cardiovascular depression 
and prolong awakening and postoperative respiratory 
depression. This is particularly a concern in short op- 
erations and when the stressful stimuli are brief. Ad- 
vantages of esmolol compared with other parenteral 8 
antagonists (propranolol and metoprolol) are predict- 
ability, rapid onset and short duration of action. Com- 
pared with the noncardioselective drug propranolol, a 
lower likelihood of development of postoperative hy- 
pertension secondary to unopposed a-receptor stimu- 
lation?? is another potential advantage of esmolol. 


. Carotid endarterectomy 


.. Coronary artery surgery 


. TABLE! Esmolol During Anesthesia: Multicenter Studies 
_ ASA class I-IV 





185 patients Safe, effective; 
attenuates tachycardia 
and hypertension during 
intubation 

74 patients Safe, effective; 
attenuates tachycardia 
and hypertension during 
intubation 

Safe, effective; 
attenuates tachycardia 
and hypertension during 
intubation and surgical 
stress 


102 patients 


ASA class | = no organic, physiologic, biochemical or psychiatric 


_ disorder; I| = mild to moderate systemic disturbance or disease; Ill = 
. Severe systemic disturbance or disease; IV = life-threatening sys- 
. temic disturbance or disease. 


Laboratory Investigation 


Dog studies have examined the effects of esmolol 
infusion with clinically relevant general anesthetic 


 agents.^^^ In dogs anesthetized with 2.2% end-ex- 


pired enflurane (1 MAC), esmolol given for 20 minutes 


at infusion rates of 0, 100, 300, 1,000 and 3,000 


g/kg/min produced dose-related decreases in heart 


rate, left ventricular contractile force and blood pres- 
sure.24 Decrements in contractile force were greater 


. than heart rate, suggesting a more pronounced addi- 


. tive negative inotropic effect than negative chronotro- 


pic effect. Cardiac output was preserved until the 


- highest doses of esmolol were given. Increases in heart 
rate after isoproterenol administration (1 ug/kg) were 


totally blocked with doses of 300 ug/kg/min of esmolol, 
yet blood pressure decreased, indicative of the 5; se- 
lectivity of esmolol. Because 8; blockade was complete 
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at 300 ug/kg/min, but 1 dog died at 1,000 „g/kg/min 
and the other 4 dogs at 3,000 ug/kg/min, the safety 
margin appears to be relatively small in the enflurane- 
anesthetized dogs given esmolol. This is consistent 
with other data that show that enflurane and a 8- 
adrenergic blocker (propranolol)!4 are a potent nega- 
tive inotropic combination. However, enflurane ap- 
pears to produce no greater hypotensive effect than 
halothane when both are combined with esmolol.?5 
The hemodynamic depression caused by esmolol is 
significantly enhanced by inhalation anesthetics; both 
halothane (1.5%) and enflurane (2.2%) produced 
marked hypotension compared with esmolol in the 
same awake dogs. The clinical implication of these 
data is that esmolol administered to anesthetized pa- 
tients may be expected to accentuate hemodynamic 
depression, but at effective doses (doses that block 
isoproterenol-induced increases in heart rate), hemo- 
dynamic stability is preserved. 


Human Investigation 


Published clinical studies have primarily dealt with 
2 issues: the safety of esmolol in anesthetized patients 
and the efficacy of esmolol in blocking tachycardia and 
hypertension during the induction of anesthesia and 
tracheal intubation.?9- Three multicenter studies 
have investigated the safety and efficacy of esmolol in 
anesthetized patients undergoing carotid endarterec- 
tomy, coronary artery surgery and multiple, noncar- 
diac surgical procedures (Table I); the results have not 
yet been published. 

The hemodynamic effects of esmolol in anesthe- 
tized humans depend on several factors besides its 
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intrinsic -antagonist activity: concurrent anesthesia, 
underlying sympathetic tone, concurrent vasoactive 
drug therapy, intensity of the stressful stimulations 
and patient cardiovascular status. Understanding 
these interactions is essential if the effects of esmolol 
are to be compared in studies that differ with regard to 
anesthesia (e.g., ketamine vs thiopental), pharmaco- 
logic therapy (patients who did and those who did not 
receive 8 blockers), time of esmolol administration 
(before vs after intubation) and patient disease (nor- 
mal cardiovascular system vs patients with coronary 
artery disease). 

The hemodynamic effects of 3 infusion rates of es- 
molol (100, 200 and 300 ug/kg/min after loading with 
500 ug/kg/min) were studied in patients undergoing 
coronary revascularization and the results were com- 
pared with those in a similar population of untreated 
control subjects? (Fig. 1). After induction of anesthe- 
sia with diazepam (0.5 mg/kg) and before intubation, 
esmolol infused at rates >100 ug/kg/min significantly 
(p <0.01) decreased the heart rate (10% below the 
control group values) and systolic and mean blood 
pressures (2096 below control group values). Cardiac 
index, systemic vascular resistence, pulmonary capil- 
lary wedge pressure and left ventricular stroke work 
index were not statistically different between the 
groups. Under these conditions, esmolol decreased the 
rate-pressure product significantly (p «0.001) com- 
pared with control values and displayed a dose-related 
trend that was not statistically significant. 

Esmolol protects patients from hypertension and 
tachycardia. In 1 study of patients with coronary ar- 
tery disease, 1 minute after intubation, the heart rate 
was significantly (p «0.001) lower in all esmolol-treat- 
ed groups (15% below control group values).”° The 
same was true for systolic and mean blood pressure (10 
to 15% below control group values), whereas no differ- 
ences were found within the esmolol groups. Cardiac 
index and the derived hemodynamic measurements 
were unchanged, but the rate-pressure product was 
significantly (p <0.001) decreased (22096 below con- 
trol group values) with a weak dose-related trend. T'he 
increases in heart rate and blood pressure were associ- 
ated with increases in norepinephrine levels in the 
control patients but not in the esmolol-treated pa- 
tients (Fig. 2). Fifteen minutes after termination of 
esmolol infusion, all hemodynamic values (directly 
measured and derived) returned to baseline levels, 
demonstrating the short-lived hemodynamic effect of 
esmolol. 

Menkhaus et al?9 found that esmolol was well toler- 
ated, with only 1 episode of hypotension (systolic 
blood pressure «90 mm Hg) and no episodes of im- 
paired atrioventricular conduction. In 1 patient in 
each of the 4 groups, ST-segment changes compatible 
with ischemia developed. Their study emphasizes that 
esmolol can be safely used in association with diaze- 
pam-nitrous oxide anesthesia and that esmolol is ef- 
fective in blocking the hemodynamic response to 
stressful stimuli by means of 8-adrenergic receptor 
blockade, as suggested by the simultaneous increased 
norepinephrine plasma concentration during intuba- 


tion. It confirms the short-lived activity of esmolol and 
its potentially beneficial effect on global myocardial 
oxygen balance as represented by the rate-pressure 
product, although the fact that ST-segment changes 
occurred reemphasizes the concept that regional isch- 
emia can occur in the presence of an adequate global 
myocardial oxygenation. Menkhaus et al did not find a 
statistically significant dose-dependent effect, pre-. 


sumably because a sufficiently wide dosage regimen - 


was not used or because steady state was not achieved 
at each infusion dosage. 
Girard et al?” reported that when esmolol was used 


according to a similar dosage protocol in patients un- - 


dergoing coronary revascularization and anesthetized 
with high-dose fentanyl (75 ug/kg) in oxygen, the heart 
rate and cardiac index measured during a stress-free 
period (after intubation and before incision) de- 
creased significantly (p «0.05), but in a fashion similar 
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FIGURE 2. Heart rate (HR) and norepinephrine (NE) levels in patients 
with ischemic heart disease after endotracheal intubation. A, patients 
who did not receive esmolol; B, patients who received esmolol 
infusions of 100, 200 and 300 ug/kg/min. There is a weak but 
significant association between HR and NE in untreated patients, buta 
very poor association in the patients with 8 ;-adrenergic blockade with 
esmolol. This suggests 8 blockade of the adrenergic response to 
intubation. 
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to that in the control group. This study, while recon- 


. firming the safety and short-lived action of esmolol 
(plasma level reached 8% of peak level 5 minutes after 


infusion and less than 2% of peak level after 30 min- 
utes), emphasizes that concurrent factors, such as 
type and depth of anesthesia, intensity of stimulation 
and adrenergic response, affect the hemodynamic 


. response. 


Korenaga et al?? investigated the effects of esmo- 
lol (500 ug/kg/min X 4 minutes followed by 300 
ug/kg/min) during intubation in healthy patients giv- 
en thiopental. The heart rate was lower (2096 below 
control values) after intubation than in untreated con- 
trol patients, as was systolic blood pressure (15% below 
control group values). In healthy patients anesthe- 
tized with ketamine,? esmolol (300 ug/kg/min X 10 
minutes) was effective in decreasing heart rate and 


. systolic blood pressure. 


i 


! In summary, laboratory and clinical investigations 
indicate that esmolol is an effective 8;-adrenergic re- 


_ ceptor antagonist that is well suited to attenuating the 


b 


_ hemodynamic responses to stressful stimuli in the in- 
I 


_ traoperative period. Its pharmacokinetic characteris- 


_ tics (the rapid onset and elimination) make this agent 


! 


- 


particularly well suited for preventing and treating the 


adrenergic responses to intraoperative stresses, which 


can be very intense but often brief in duration. 
Esmolol appears to be safe when used in combina- 
tion with intravenous anesthetic agents; its marginal 
safety when used in combination with inhalation 
agents requires further investigation. Questions re- 


 garding the use of esmolol perioperatively in patients 


. who are hypertensive, who have impaired ventricular 


+ 


function and who are receiving long-term 6- and calci- 
-um-entry blocking therapies remain to be answered. 
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Discussion 


Dr. Sonnenblick (Bronx, New York): One of the things 
that most of us are impressed about is that the perioperative 
myocardial infarction rates, which used to be immensely 
high, are now vastly lowered by having the patients go to 
surgery on their 8 blockers. Do you think it is reasonable to 
say that the surgical patient is safer on a 8 blocker if he has a 
potentially threatened ischemic myocardium? 


Dr. Reves (Durham, North Carolina): I think that is true. 
I think we learned from the experience when propranolol 
was withdrawn before surgery. This procedure ended up 
precipitating some angina and infarction even before the 
operation. One of the worst things that happened to us as 
cardiac anesthetists was the introduction phase of calcium- 
channel blockers. When these drugs first appeared on the 
market, cardiologists took patients off their 8 blockers and 
surgical patients had fits with hypertension and tachycardia 
during surgery. Now, finally, surgical patients are back on 6 
blockers. I don’t know that the withholding of 8 blockers 
resulted in increased myocardial damage, but we certainly 
saw more ischemia. I think maintaining patients on their 8 
blockers is useful, and to have a drug like esmolol, where one 
can give the patient a short-lasting 8-blocker, is even more 
useful. 


Dr. Lowenthal (Philadelphia, Pennsylvania): How much 
of a pressor response is there during intubation? 


Dr. Reves: Well, it depends on the underlying anesthetic, 
ventricular function and a whole host of things. For example, 
in our patients, mean blood pressures rose to 130 mm Hg in 
the control group and were only about 110 in the esmolol 
group. However, that is because our patients were lightly 
anesthetized. If one looks at patients on high-dose opioids 
for intubation, you'll see that one can usually block a lot of 
that hypertension. You may see blood pressure increases to 
about a mean of around 90, and it's often transient. 


Dr. Lowenthal: Do you think that the hypertension that 
Dr. Gray reported in coronary artery bypass graft patients 
might in part be related to prolonged intubation during and 
after surgery? 


Dr. Reves: The answer to that is no. However, I know that 
there are responders and nonresponders and the patients 
who respond to intubation with high blood pressure levels 
are frequently those who will, when they begin to emerge 
from their anesthesia in the intensive care unit, have more 
problems with postoperative hypertension. We did a study 
looking at catecholamine levels several years ago, and we 
found that responders are those who really pour out a lot of 
norepinephrine. Clearly there is one group that does and one 
that does not respond to intubation with hypertension. 


Dr. Morganroth (Philadelphia, Pennsylvania): How of- 
ten did you see esmolol-induced hypotension, and in your 
personal experience, how do you treat it in a given setting? 


Dr. Reves: The blood pressure went down, but not to very 
low levels. We had 1 patient who went to less than 90 mm Hg, 
so we turned off the esmolol and gave a little phenylephrine. 
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In most of our experience, blood pressure hasn't really - 


dropped too low. To treat it, I would discontinue the drug. 
Most perioperative hypotension is due to vasodilation 


caused by the induction of anesthesia, and we end up giving 


volume and phenylephrine. 


Dr. Lee (McGaw Park, Illinois): I would like you to com- 
ment on the clinical significance of perioperative tachycar- 
dia and hypertension, and where you see esmolol fitting 
in—both in coronary artery bypass graft patients and in 
patients with coronary disease going for noncardiac surgery. 
Just where do you see esmolol being used? 


Dr. Reves: I see that esmolol is going to be on the anesthe- 
siologist’s cart, and it is primarily going to be used in pa- 
tients in whom you are really worried about increases in 
heart rate—that is, patients with ischemic heart disease. 
There are others, but for the most part that’s the primary 
group. Esmolol will be used to tide the patient through sinus 
tachycardia or serious hypertension, and you will just either 
hang esmolol as a drip or you may even squirt it in. Because 
esmolol is so short-lived, you can get better and faster con- 
trol of the situation—and then may deepen your anesthesia 
or whatever other manipulations you have to do. That is the 
beauty of esmolol, and I think it will be used a great deal by 
clinicians, particularly those accustomed to giving vasoac- 
tive drugs—principally anesthesiologists. I also think esmo- 
lol will be used quite frequently to control unwanted hyper- 
tension and tachycardia, particularly sinus tachycardia and 
problems during an operation. I don’t think esmolol will be 


necessarily used to try to block the increase in heart rate for | 


intubation in the healthy patient, because we know that that 


is well tolerated; we see it every day and it is not a serious 


problem. However, esmolol will be used in patients with 
ischemic heart disease undergoing cardiac and noncardiac 
surgery. 


Dr. Lowenthal: Do you know whether there is any experi- , 


ence with the use of esmolol during pheochromocytoma sur- 
gery, and if so, is it better than propranolol? 

Dr. Laddu (McGaw Park, Illinois): We do not have such 
experience in any of the patients we've studied; but we plan 
to study this area. 


Dr. Lee: I would guess that such patients would be better | 


controlled on esmolol. 


Dr. Reves: Yes, that would obviously be a good place to 
use esmolol. 


Dr. Gray (Los Angeles, California): I would like to add to 
Dr. Reves’ earlier comments. As I see it, there are serious 
problems with using esmolol only in patients with supraven- 
tricular tachycardia. Hypotension may be a limitation and 
esmolol will have competition in the marketplace. Verapa- 
mil is pretty good for supraventricular tachycardia, as is 
propranolol and digoxin. But in the patient with hyperten- 
sion— whether it is postoperative, a patient who walks in 
with a hypertensive crisis or the occasional postinfarction 
patient who has a hyperdynamic circulation—I think that's 
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a situation where you can almost be assured that you can 
give esmolol in very large doses and with great safety, based 
on everything I’ve seen today. Of course, there may be other 
factors that we haven’t seen yet. The number of patients who 
may benefit from this drug is substantial. Just looking at the 
coronary bypass surgery market, if you will, the estimate in 
1983 was that there were 190,000 coronary bypass surgeries 
performed. That’s probably down a little in 1984, and maybe 
it will go further down in 1985. Let’s say 150,000 patients 
have bypass surgery in 1985, of whom anywhere from 25 to 
60% are hypertensive and, say, half of those would qualify for 
esmolol or some £ blocker. I think we are looking at a sizable 

. number of patients for which esmolol would be very good 
- therapy. 
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Dr. Reves: I think it will be an adjunct to nitroprusside, 
too, in postoperative hypertension. At the moment, we think 
of drugs as appropriate for different patient groups, but I 
would be willing to bet that ultimately esmolol will be used 
right alongside nitroprusside in many of those postoperative 
hypotensive patients. 


Dr. Morganroth: I could make the same comment about 
the verapamil issue, too. I would think one could argue that 
esmolol should be the first-line agent instead of verapamil, 
for the reasons we talked about before. 


Dr. Reves: Yes, and verapamil causes profound hypoten- 
sion. Every time I give verapamil, I’m just a little apprehen- 
sive because I know the blood pressure is going to go so low. 
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(gemfibrozil capsules, USP) 00m; 


Indicated for adult patients with high serum D Lowers elevated serum levels of 
triglycerides (type IV hyperlipidemia) who present triglyceride-rich very-low-density lipoproteins 
a risk of pancreatitis and who do not respond (VLDL) and, to a lesser extent, cholesterol-rich 
adequately to diet. low-density lipoproteins (LDL) 


Clinical trials show that Lopid =? Pici e serum levels of high-density 
* lipoproteins 

favorably regulates the balance of — "PePreteins 

certain lipoproteins responsible D Has a side effects profile similar to 


placebo and no significant abnormalities in 


for transport ol «crum lipids. clinical/laboratory evaluations 


D Plus BID convenience 
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" Artist's interpretation of balance 
of serum VLDL and HDL. 


o Therapy of Certain Dyslipudemias 


Apid-regulating efficacy: Diet, exercise and weight loss 
are the first choice in therapy of 


pen-dabel phase of US multicenter study lipid disorders. 


Ms, | E * 

( CI 1d of 19 lunar months *Visit every 4 weeks during long-term use 
of LOPID. 

"Data cited on this graph reflect clinical 
experience based on the multicenter trial. 
They do not imply an indication for Types 
IIa and IIb cobi. 


erage percent change from baseline at doses ranging from 
)0-1,600 mg/day, majority at 1,200 mg/day (119 patients)’ 


1. Data on file, Medical Affairs Dept, Parke-Davis. 
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A Brief Summary slows. 


P CLINICAL PHARMACOLOGY. LOPID is a lipid regulating agent which lowers 
pt evated serum lipids primarily by decreasing serum triglyceride with a variable 
M uction in total serum cholesterol. These decreases occur primarily in the very 
w density lipoprotein (VLDL) fraction and less frequently in the low density lipo- 
ein (LDL) fraction. In addition, LOPID may increase the high density lipopro- 
LN (HDL) cholesterol fraction, an action considered of possible benefit to 
E inhibition of the atherosclerotic process. 
. The mechanism of action has not been definitively established. In man, LOPID 
: as been shown to inhibit peripheral lipolysis and to decrease the hepatic extrac- 
_ tion of free fatty acids, thus reducing hepatic triglyceride production. LOPID also 
ir hibits synthesis of VLDL carrier apoprotein, leading to a decrease in VLDL 
~ production. 
‘ . Animal studies suggest that LOPID may, in addition to elevating HDL choles- 
terol, reduce incorporation of long-chain fatty acids into newly formed triglycer- 
mee es, accelerate turnover and removal of cholesterol! from the liver, and increase 
xcretion of cholestero! in the feces. 
E» LOPID i is well absorbed from the gastrointestinal tract after oral administration. 
ak plasma levels occur in one to two hours with a plasma half-life of 1.5 hours 
En llowing single doses and 1.3 hours following multiple doses. Plasma levels 
a ppear proportiona! to dose and do not demonstrate accumulation across time 
UR multiple doses. 
LOPID mainly undergoes oxidation of a ring methyl group to successively form a 
eT hydroxymethyl! and a carboxy! metabolite. Approximately seventy percent of the 
. administered human dose is excreted in the urine, primarily as unchanged gemfi- 
s ; brozil. Six percent of the dose is accounted for in the feces. 
In a large, controlled multicenter trial of 427 patients, lipid and lipoprotein 
cen) from average baseline (96) by hyperlipoproteinemic (HLP) type are sum- 
ized below for those patients receiving gemfibrozi!, 1200 mg/day, at the end of 
12 2 weeks. 
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à T DICATIONS AND USAGE. Drug therapy should not be used for the routine treat- 
Hu m - tof elevated blood lipids for the prevention of coronary heart disease. Dietary 

erapy specific for the type of hyperlipidemia is the initial treatment of choice. Excess 

body weight and excess alcoholic intake may be important factors in hypertriglyceri- 

a demia and should be addressed prior to any drug therapy. Physical exercise can be 

ar important ancillary measure. Contributory diseases such as hypothyroidism or 

- diabetes mellitus should be looked for and adequately treated. The use of drugs 

ould be considered only when reasonable attempts have been made to obtain sat- 

donis results with nondrug methods. If the decision is to use drugs, the patient 

. Should be instructed that this does not reduce the importance of adhering to diet. 

- Because of chemical, pharmacological, and clinical similarities between gemfibro- 

ue. z | and clofibrate, and the adverse findings with clofibrate in two large clinical studies 

(see Warnings), use of gemfibrozil should be restricted to the following indications. 

- LOPID may be considered for the treatment of adult patients with very high serum 

. triglyceride levels (type IV hyperlipidemia) who present a risk of abdominal pain and 

- pancreatitis and who do not respond adequately to a determined dietary effort to con- 

. trol them. Patients with triglyceride levels in excess of 750 mg per deciliter are likely to 

; pon Such risk. 

- LOPID (gemfibrozil capsules, USP) has little effect on elevated cholesterol levels 

sti in most subjects. A minority of subjects show a more pronounced response. How- 

— ever, it must be understood that there is no evidence that use of any lipid-altering 

2 rug will be beneficial in preventing death from coronary heart disease (see WARN- 

a ). Therefore, the physician should be very selective and confine gemfibrozil 
treatment to patients with clearly defined risk due to severe hypercholesterolemia 

(eg, individuals with familial hypercholesterolemia starting in childhood) who inade- 

quately respond to appropriate diet and more effective cholesterol-lowering drugs. 

~ LOPID is not useful for the hypertriglyceridemia of Type | hyperlipidemia. 

. The biochemical response to gemfibrozil is variable, and it is not always possible to 

oredict from the lipoprotein type or other factors which patients will obtain favorable 

cem Itis essential that lipid levels be assessed and that the drug be discontinued 
three months in any patient in whom lipids do not show significant improvement. 

whe othe effect of drug-induced reduction of serum cholesterol or triglyceride levels or 

- elevation of HDL cholesterol levels on morbidity or mortality due to coronary heart dis- 

. ease has not been established. Several years may be required before ongoing long- 

'm investigations will resolve this question. 

NTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 

















3 reexisting gallbladder disease. (See Warnings.) 
fa a Hypersensitivity to gemfibrozil. 
DINANINOS- 1. Because of chemical, pharmacological, and clinical similarities 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large 
clinical studies may also apply to gemfibrozil. In the first of those studies, the Coro- 
nary Drug Project, 1000 subjects with previous myocardial infarction were treated for 
2 - five years with clofibrate. There was no difference in mortality between the clofibrate- 
_ treated subjects and 3000 placebo-treated subjects, but twice as many clofibrate- 
_ treated subjects developed cholelithiasis and cholecystitis requiring surgery. In the 
. other study, conducted by the World Health Organization, 5000 subjects without 
imo coronary heart disease were treated with clofibrate for five years and followed 
one year beyond. There was a statistically significant 36% higher total mortality in the 
- clofibrate-treated than in a comparable placebo-treated control group. The excess 
mortality was due to noncardiovascular causes, including malignancy, postcholecys- 
> complications, and pancreatitis. The higher risk of clofibrate-treated subjects 
proe ladder disease was confirmed. 
Long-Term Toxicity and Animal Tumorigenicity Studies: Long-term studies have 
"been conducted in rats and mice at one and ten times the human dose. The inci- 


DEA 
d 


A te 










+ Sah.? ote ates: ie Wb. dj enne n A Mus 


< aS 
ae | 


it 


] i - ee ee, i6 ue UE po nn 
ld dM ES a. 1 "S meum. 
dule didis FER canti tly increased in 







d Subs gn liver nc 
Pio do roe The incidence of liver carcinomas: increased also 
males, but this increase was not statistically significant (p greater than 0.05). There 
were no statistically significant differences from controls in the incidence of liver 
tumors in female rats, and in male and female mice. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolif- 
eration following LOPID administration to the male rat. Similar changes have not been 
found in the human liver. 

Male rats had a-dose-related increase of benign Leydig cell tumors. Subcapsular 
bilateral cataracts occurred in 10%, and unilateral in 6.3% of the high dose males. 

3. Since a reduction of mortality from coronary artery disease has not Deen demon- 
strated and liver and interstitial cell testicular tumors were increased in male rats, 
LOPID should be administered only to those patients described in the Indications and 
Usage Section. If a significant serum lipid response is not obtained, LOPID should be 
discontinued. 

4. Cholelithiasis—LOPID may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPID 
therapy should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants— Caution should be exercised when anticoagulants 
are given in conjunction with LOPID. The dosage of the anticoagulant should be 
reduced to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has been 
definitely determined that the prothrombin level has stabilized. 

PRECAUTIONS. 1. Initial Therapy— Before instituting LOPID (gemfibrozil cap- 
sules, USP) therapy, every attempt should be made to control serum lipids with 
appropriate diet, exercise, weight loss in obese patients, and other medical prob- 
lems such as diabetes mellitus and hypothyroidism. 

2. Continued Therapy—Pretreatment laboratory studies should be performed to 
ensure that patients have abnormal levels of serum lipids. Periodic determinations of 
serum lipids should be obtained during LOPID administration. The drug should be 
withdrawn after three months if the lipid response is inadequate. 

3. Seasonal Variation of Lipid Levels—LOPID is not expected to alter seasonal 
variations of higher serum lipid values in mid-winter and late summer or the lower val- 
ues in fall and spring. 

4. Impairment of Fertility — Administration of approximately three and ten times 
the human dose to male rats for 10 weeks resulted in a dose-related decrease of fertil- 
ity. Subsequent studies demonstrated that this effect was reversed after a drug-free 
period of about eight weeks, and it was not transmitted to their offspring. 

5. Pregna egory B— Reproduction studies have been performed in the rat 
at doses 3 and 9 times the human dose, and in the rabbit at 2 and 6 7 times the 
human dose. These studies have revealed no evidence of impaired fertility in females 
or harm to the fetus due to LOPID. Minor fetotoxicity was manifested by reduced birth 
rates observed at the high dose levels. No significant malformations were found 
among almost 400 offspring from 36 litters of rats and 100 fetuses from 22 litters of 
rabbits. 

There are no studies in pregnant women. In view of the fact that LOP!D is tumori- 
genic in male rats, the use of LOPID in pregnancy should be reserved for those 
patients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers— Because of the potential for tumorigenicity shown for gemfi- 
brozil in male rats, a decision should be made whether to discontinue nursing or dis- 
continue the drug, taking into account the importance of the drug to the mother. 

7 Hematologic Changes— Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of LOPID 
therapy. However, these levels stabilize during long-term administration. Therefore, 
periodic blood counts are recommended during the first 12 months of LOPID 
administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during LOPID administration, including elevations of SGOT SGPT, LDH, and alkaline 
phosphatase. These are usually reversible when LOPID is discontinued. Therefore 
periodic liver function studies are recommended and LOPID therapy should be termi- 
nated if abnormalities persist. 

9. Cardiac Arrhythmias— A/though no clinically significant abnormalities 
occurred that could be attributed to LOPID, the possibility exists that such abnormali- 
ties may occur. 

10. Use in Children — Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. in controlled clinical trials of 805 patients, including 245 
who received LOPID for at least one year, the most frequently reportec adverse reac- 
tions associated with LOPID involved the gastrointestinal system. In decreasing order 

of frequency. these were abdominal pain (6.096), epigastric pain (4.996), diarrhea 
(4.896), nausea (4.096), vomiting (1.696), and flatulence (1196). Other adverse reac- 
tions where the-orobability of a causal relationship to LOPID therapy exists are listed 
by system. 

Integumentary: rash, dermatitis, pruritus, urticaria 

Central Nervous System: headache, dizziness, blurred vision 
Musculoskeletal: painfu! extremities 

Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship is 
difficult to establish, thus the physician should be alert to these occurrences. Reports 
of viral and bacterial infections (common cold, cough, and urinary tract infections) 
were more common in gemfibrozil than in placebo-treated patients. 

Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, 
SGPT, LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
Some patients will experience therapeutic effects on 900 mg/day; a few may require 
1500 mg/day for satisfactory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBRCZIL CAPSULES, 
USP). THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED TO 
MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 
ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

MANAGEMENT OF E. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
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Left Ventricular Thrombi in Association with Normal Left 
Ventricular Wall Motion in Patients with Malignancy. Thomas 
S. DeGroat, R. Parameswaran, Paul M. Popper, and Morris N. 
Kotler 


Benign Intracardiac Thyroid Mass Causing Right Ventricular 
Outflow Tract Obstruction. Richard J. Shemin, James D. 
Marsh, and Frederick J. Schoen 


Nonsurgical Treatment of the Superior Vena Cava Syndrome. 
James H. Montgomery, Vincent J. D'Souza, Raymond B. Dyer, 
Augustin G. Formanek, and Sudhakar H. Prabhu 


Diagnosis of Cardiac Tumors in Infants by Magnetic Reso- 
nance Imaging. Robert A. Boxer, Michael A. LaCorte, 
Sharanjeet Singh, James Shapiro, Miles Schiller, Mitchell Gold- 
man, and Harry L. Stein 


Cardiac Hydatid Cyst Simulating Tricuspid Stenosis. Cetin 
Erol, Isfendiyar Candan, Hakki Akalin, Ahmet Sonel, and Celal 
Kervancioglu 


Echocardiographic Detection of Circulating Blood in Normal 
Canine Hearts. Miguel A. Garcia-Fernandez, Jose Lopez- 
Sendon, Isabel Coma-Canella, and Jose Sotillo 
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The AJC in November 1960. William C. Roberts 
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CAPOTEN enhances patients’ quality of life 


C CAPOTEN relieves major O Use CAPOTEN when 
heart failure symptoms, improves symptoms persist despite digitali: 
functional capacity. and diuretic therapy. 


ACE INHIBITOR 


APOTEN aire 


(captopril tablets) 


YOUR FIRST CHOICE 
AFI ER DIGITALIS AND DIURETICS 


* Angiotensin helin Enzyme 


TCAPOTEN is indicated in patients with heart failure aha have ial S 
adequately to or cannot be controlled by conventional diuretic and digi- 
talis therapy. CAPOTEN is to be used with diuretics and digitalis. In using 
CAPOTEN, consideration should be given to the risk of prt N 
agranulocytosis. Use special precautions in patients with gap 
function, collagen vascular disorders, or those drugs 
(e.g, procainamide) known to affect the white cells or immune response. 
Evaluation of heart failure patients should always include assessment of 
renal function. See INDICATIONS, WARNINGS, and ADVERSE REACTIONS 
in the brief summary on the Bes s 
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Tt AON” TABEETS ^ , © Deug Interactions: Hypotension: Patients on Diuretic Therapy — Precipitous 1 duc- - 
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ze 0077 Captop blet: EK i ton of blood pressure may occasionally occur within the Ist hour aft spine ation | 
Er of the initial captopril dose in patients on diuretics, especially those recently placedon - 
Lp | diuretics, and those on severe dietary salt restriction or dialysis. This possibility can 


f i INDICATIONS: Hypertension — CAPOTEN (captopril) is indicated for the treat- 
Ms ment of hypertension. Consideration should be given to the risk of neutropenia/ 
E agranulocytosis (see WARNINGS). CAPOTEN may be used as initial therapy for 


if patients with normal renal function, in whom the risk is relatively low. In patients 
e with impaired renal function, particularly those with collagen vascular disease, 
E captopril should be reserved for those who have either developed unacceptable side 


effects on other drugs, or have failed to respond satisfactorily to drug combinations. 
CAPOTEN is effective alone and in combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure who 
have not responded adequately to or cannot be controlled by conventional diuretic 
and digitalis therapy. CAPOTEN is to be used with diuretics and digitalis. 


WARNINGS: Neutropenia/Agranulocytosis — N eutropenia (— 1000/mm?) with 
myeloid hypoplasia has resulted from use of captopril. About half of the neutropenic 
patients developed systemic or oral cavity infections or other features of the syndrome 
of agranulocytosis. The risk of neutropenia is dependent on the clinical status of 
the patient: 


In clinical trials in patients with hypertension who have normal renal function 
(serum creatinine — 1.6 mg/dL and no collagen disease), neutropenia has been seen 
in one patient out of over 8,600 exposed. In patients with some degree of renal 
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hé failure (serum creatinine at least 1.6 mg/dL) but no collagen vascular disease, the 
SN risk in clinical trials was about 1 per 500. Doses were relatively high in these 
^d patients, particularly in view of their diminished renal function. In patients with 
f collagen vascular diseases (e.g., systemic lupus erythematosus, scleroderma) and 
impaired renal function, neutropenia occurred in 3.7% of patients in clinical trials. 
e While none of the over 750 patients in formal clinical trials of heart failure 
< developed neutropenia, it has occurred during subsequent clinical experience. Of 
E reported cases, about half had serum creatinine = 1.6 mg/dL and more than 75% 
E received procainamide. In heart failure, it appears that the same risk factors for 
e? neutropenia are present. 
E Neutropenia has appeared within 3 months after starting therapy, associated with | 
S. myeloid hypoplasia and frequently acco npanied by erythroid hypoplasia 2 


creased numbers of megakaryocytes (e.g., h op 
anemia and thrombocytopenia were some imi 


have ended fatally, but almost all fatalities v er a 
collagen vascular disease, renal failure, heart failure 
or a combination of these complicating factors. 





Evaluation of the hypertensive or heart- ailure 
include assessment of renal function. If captopril i 
impaired renal function, white blood cell and di fer 
prior to starting treatment and at approximately 2-w. 
then periodically. In patients with collagen vascu 
other drugs known to affect the white cells or im mi 
there is impaired renal function, captopril should b 


















è used only 
benefit and risk, and then with caution. All patients treated 
told to report any signs of infection (e.g., sore throat, fever); if infection is suspected, 
perform counts without delay. Si i i i 

generally led to prompt return 
neutropenia (neutre 


p 
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received high doses (7150 mg/day), or both. The nept otic sy: ! ir 
about one-fifth of proteinuric patients. In most cases, proteinuria subsided or cleared 
N within 6 months whether or not captopril was continued. The BUN and creatinine 
E were seldom altered in proteinuric patients. Since most cases of proteinuria occurred 
a by the 8th month of therapy, patients with prior renal disease or those receiving 






k captopril at doses >150 mg/day should have urinary protein estimates (dip-stick on 
Pe Ist morning urine) before therapy, and periodically thereafter. 
A Hypotension — Excessive hypotension was rarely seen in hypertensive patients but 


is a possibility in severely salt/volume-depleted persons such as those treated vigorously 
with diuretics (see PRECAUTIONS [Drug Interactions]). 

In heart failure, where blood pressure was either normal or low, transient decreases 
in mean blood pressure >20% were recorded in about half of the patients. This transient 
hypotension may occur after any of the first several doses and is usually well tolerated, 
although rarely it has been associated with arrhythmia or conduction defects. A 
starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of 


E captopril and/or diuretic is increased. 

e BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN 
C p THESE PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY 
= CLOSE MEDICAL SUPERVISION. 

A PRECAUTIONS: General: /mpaired Renal Function, Hypertension — Some 


hypertensive patients with renal disease, particularly those with severe renal artery 
stenosis, have developed increases in BUN and serum creatinine. It may be necessary 


ES to reduce captopril dosage and/or discontinue diuretic. For some of these patients, 
normalization of blood pressure and maintenance of adequate renal perfusion may 
7, not be possible. Heart Failure — About 20% of patients develop stable elevations of 


BUN and serum creatinine >20% above normal or baseline upon long-term treat- 
ment. Less than 5% of patients, generally with severe preexisting renal disease, 

` required discontinuation due to progressively increasing creatinine. See DOSAGE 
AND ADMINISTRATION, ADVERSE REACTIONS [Altered Laboratory Find- 
ings]. Valvular Stenosis — A theoretical concern, for risk of decreased coronary perfu- 
sion, has been noted regarding vasodilator treatment in patients with aortic stenosis 
due to decreased afterload reduction. 


Surgery/Anesthesia — If hypotension occurs during major surgery or anesthesia, and is 
considered due to the effects of captopril, it is correctable by volume expansion. 


risk to the fetus. Cap 





be minimized by either discontinuing the diuretic or increasing the salt intake about 
1 week prior to initiation of captopril therapy or by initiating therapy with small 
doses (6.25 or 12.5 mg). Alternatively, provide medical supervision for at least 1 hour 
after the initial dose. 


Agents Having Vasodilator Activity — In heart failure patients, vasodilators should 
be administered with caution. 


Agents Causing Renin Release — Captopril’s effect will be augmented by antihypertensive 
agents that cause renin release. 


Agents Affecting Sympathetic Activity — The sympathetic nervous system may be 
especially important in supporting blood Pressure in patients receiving captopril 
alone or with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive 
effect to captopril, but the overall response is less than additive. Therefore, use agents 
affecting sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron 
blocking agents) with caution. 


Agents Increasing Serum Potassium — Give potassium-sparing diuretics or potassium 
supplements only for documented hypokalemia, and then with caution, since they 
may lead tc a significant increase of serum potassium. Use potassium-containing salt 
substitutes with caution. 


Inhibitors of Endogenous Prostaglandin S ynthests — Indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, espe- 
cially in low renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine 
test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies 
with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of 
carcinogenic potential. Studies in rats have revealed no impairment of fertility, 


Pregnancy: Category C — There are no adequate and well-controlled studies in 
pregnant women. Embryocidal effects were observed in rabbits. Therefore, captopril 
should be used during pregnancy only if the potential benefit outweighs the potential 
topril crosses the human placenta. 


Captopril is secreted in human milk. Exercise caution when ad- 
ta nursing woman, and, in general, nursing should be interrupted. 

ty and ef ect veness in children have not been established 
i > € with use of captopril in children from 2 months 
basis, was comparable to that used in adults. 
only if other measures for controlling blood 



















ADVERSE REACTIONS: Reported incidences are based on clinical trials involv- 
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hic— 1 s] (usual 
es with fever inophilia, in about 4 to 7 of 100 patients (depending 
on renal status and dose), usually during the Ist 4 weeks of therapy. Pruritus, without 

i igoid-like lesion, and 


jt developed proteinuria (see WARNINGS). Renal in- 
a, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 


a/a ranulocytosis have occurred (see WARNINGS). Ane- 
ncytopenia have been reported. 

















£ 100 patients. A reversible associ 
itv have also been rep orted, | 
1 of the extremiti 













00 patients — reversible on 
1a reported. Flushing 


3S8and PRECAUTIONS 

inter 1 on of hy sion on initiation of captopril therapy. 
Tachycardia, chest pain, and pa pitations each in about 1 of 100 patients. Angina 
pectoris, myocardial infarction, Raynaud's syndrome, and congestive heart failure 





Dysgeusia — About 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and 
usually self-limited even with continued drug use (2 to 3 months). Gastric irritation, 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, 
cough, alopecia, and paresthesias reported in about 0.5 to 296 of patients but did not 
appear at increased frequency compared to placebo or other treatments used in 
controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients 
although no causal relationship has been established. Rarely cholestatic jaundice and 
hepatocellular injury with or without secondary cholestasis, have been reported. A 
transient elevation of BUN and serum creatinine may occur, especially in volume- 
depleted or renovascular hypertensive patients. In instances of rapid reduction of 
longstanding or severely elevated blood pressure, the glomerular filtration rate may 
decrease transiently, also resulting in transient rises in serum creatinine and BUN. 
Small increases in serum potassium concentration frequently occur, especially in 
patients with renal impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion 
with an LV. infusion of normal saline is the treatment of choice for restoration of 
blood pressure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken 
one hour befere meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage 
must be individualized; see DOSAGE AND ADMINISTRATION section of pack- 
age insert for detailed information regarding dosage in hypertension and in heart 
failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, dosage 
adjustments are recommended for patients with impaired renal function. 


Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in bottles of 100 
(25 mg also available in bottles of 1000), and in UNIMATIC" single dose packs of 100 
tablets. 

(J3-658C) 


Reference: 1. Cannon P), Criley JM, Dzau VJ, et al: A placebo- controlled trial of captopril in 
refractory chronic congestive heart failure. J Am Col Cardiol 2:755-763, 1983. 
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unton Instrument Company 


proud to announce 

erDop. . . the new diagnostic 
jy that makes ventricular 

iction assessment inexpensive, 

e of radiation risks, and 
hnically simple—all advantages 
er radioisotope methods. 


ie velocity and acceleration of 
xod ejected from the left 
itricle are reliable indicators of 
qtricular function. In fact, a 
wing body of evidence points 
peak acceleration as its most 


isitive indicator. ExerDop is the 


ly continuous wave Doppler 
trument capable of recording 
tantaneous peak velocity, peak 
elevation, and stroke distance on a 
at-to-beat basis. Data is printed 
t immediately after each heart- 
at and the tabular final report 
mmarizes data sets and 

rcentage changes. 


Many cardiologists evaluate the 
deterioration of a patient's 
ventricular function under stress 
prior to making surgical decisions 
regarding the need for coronary 
bypass. ExerDop can be used to 
record pertinent data while the 
patient is either exercising or is at 
rest. It is a stand-alone system that 
can be used in conjunction with 
any stress measurement system. 
And, because it's noninvasive, 
ExerDop is extremely useful for 
serial studies of left ventricular 
performance 








Now accurate peak velocity and 
acceleration data can be obtained 
quickly, easily, and inexpensively— 
making ExerDop a valuable tool 
for cardiologists, laboratory 
researchers, and clinical diagnosti- 
cians. For more information, 
please contact: 


Quinton 


instrument co. 


2121 Terry Avenue; Seattle, WA 98121-2791 
Telex 3794094 QUINTON 

in USA, call toll free: 

Domestic Sales 800/426-0347 

Int'l. Sales 800/426-0337 

In Washington, Alaska and Canada 


call 206/223-7373. 
An AH-ROBINS Company 


Regional Directors Offices: 

Europe, Middle East, Africa and India: 

A.H. Robins, Medical Instrument Division 

Mountcliff House, 154 Brent Street 

London NW4 1BE. England Telephone: (1) 202-3527 
Telex: 946 240 CWEASY G. Quote 19007060 

Far East, Australia and New Zealand: 

A.H. Robins, Medical Instrument Division 

Suite 3702. Windsor House 

311 Gloucester Road. Hong Kong 

Telephone: (5) 762789. Telex. 780 89189 AHRIC HX 


Quinton will be exhibiting ExerDop at the AHA 58th Scientific Sessions. Stop by booth 4224 for a demonstration. 
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CORONARY HEART DISEASE 


. 705 Effect of Intracoronary Thrombolytic Therapy on Exercise-Induced ischemia After Acute Myocardial 
| Infarction 


, JACQUES A. MELIN, PATRICK M. De COSTER, JEAN RENKIN, JEAN-MARIE R. DETRY, 
CHRISTIAN BECKERS, and JACQUES COL 


Thirty-nine patients enrolled in an angiographically randomized trial of intracoronary streptokinase (SK 
patients treated with SK; 20 control subjects) underwent thallium-20 1 scintigraphy at rest and during stress ! 
weeks after acute myocardial infarction. The patients were classified into 2 groups based on the presence 
13) or absence (n — 26) of complete obstruction of the infarct-related coronary artery at the end of the acut 
giographic procedure. Semiquantitative score of myocardial thallium uptake was expressed as perce 
maximal defect score. Thallium defect score at rest between admission and 5 to 6 weeks' study decreased 
10 + 16% units in the control group and from 23 + 14% units in the SK group (p = 0.01). This decrease w: 
lated to opening of the infarct-related artery (opening 23 + 16% vs occlusion 5 + 1096). The change in the 
| cise-induced defect score was significantly (p = 0.01) larger in patients in the SK group (11 + 6% units) th 
| those in the control group (5 + 7% units). The exercise perfusion defect was larger (p = 0.006) in patients 
incomplete obstruction or reperfusion (10 + 6% units) than in patients with complete obstruction (3 + 7% u 
This difference was independent of the number of diseased coronary vessels. Thus, in this group of patients 
were studied 5 to 6 weeks after acute myocardial infarction, patients treated with SK showed scintigr: 
improvement at rest compared with results on admission, but had more exercise-induced ischemia; this 
related to incomplete coronary obstruction or reperfusion. 


712 Primary Angiographic Success Rates of Percutaneous Transluminal Coronary Angioplasty 


| H. VERNON ANDERSON, GARY S. ROUBIN, PIERRE P. LEIMGRUBER, JOHN S. DOUGLAS, Jr., 
SPENCER B. KING Ill, and ANDREAS R. GRUENTZIG 


: Since the advent of coronary angioplasty, 3 distinct periods in catheter design can be identified. Double-li 
| balloon catheters with a fixed, flexible guidewire were first used. These were replaced with indepen 
steerable guidewires and catheters. Finally, the low-profile catheter was introduced. We separated our e» 
ence in 2,969 patients undergoing single-vesse! percutaneous transluminal coronary angioplasty of a n 
coronary artery into 3 periods corresponding to the use of the 3 distinct catheter types. Before introducti 

steerable and low-profile catheters there was a significant difference among the 3 major coronary arteries i 

ability to reach and cross stenoses. This difference no longer exists. The percentage of total percutan 
E transluminal coronary angioplasty attempts in the left anterior descending artery has decreased, whereas i 

left circumflex and right coronary arteries it has increased. Stenoses in all 3 major coronary arteries are 
J equally accessible and primary success rates are similar. 


. 718 Digital Quantification Eliminates Intraobserver and Interobserver Variability in the Evaluation of Coronary 
| Artery Stenosis 


RAN VAS, NEAL EIGLER, CALVIN MIYAZONO, J. MARTIN PFAFF, KENNETH J. RESSER, 
MASON WEISS, THASANA NIVATPUMIN, JAMES WHITING, and JAMES FORRESTER 


Four experienced angiographers independently determined percent diameter narrowing of 36 stenoses us 
methods: by subjective analysis of single-frame cine film images (film); by subjective analysis of digital 
nonenhanced single-frame images (digital); and by using a semiautomated digital caliper quantitation sy 
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INFORMATION 
NORMODYNE® 
brand of labetalol hydrochloride 
Tablets 
BRIEF SUMMARY 
INDICATIONS AND USAGE 
NORMODYNE (labetalol HC!) Tablets are indicated in the man- 
agement of hypertension. ODYNE Tablets may be used alone or 


in combination with other antihypertensive agents, especially thiazide 
and loop diuretics. 


CONTRAINDICATIONS 
NORMODYNE (labetalol HCl) Tablets are contraindicated in bron- 
ee asthma, overt cardiac failure, greater than fi heart block, 


n first 


shock, and severe bradycardia (see W; 


WARNINGS 

Cardiac Failure Sympathetic stimulation is a vital componen 
porting circulatory function in congestive heart failure. Beta blc blockade 
carries a potential hazard of further depressing m ial contractili 
and precipitating more severe failure. Although ta-blockers should 
avoided in overt congestive heart failure, if necessary, labetalol HCl can 
be used with caution in patients with a history of heart failure who are 
well-compensated. ve heart failure has been observed in 
patients vind! p. I HCI. PONE HCI does not abolish the 

on muscle. 
In Cin Fas Wi d a I Cardiac Failure In patients with latent 
ver be eet continued of the myocardium wi 

beta-block he sg or proms c impeding car lead to 
cardiac failure, t the first er pio of impending cardiac fail- 
c». patients should be fully ized and/or be given a diuretic, and 


observed oak. a ee. failure e d ite ade- 
eedem eet oo 
be wi wn yi ible 
PE orike of Ischemic Withdrawal 
Angina pectoris has not been matte HCl anicar 
tion. However, hypersensitivity tor € been observed in 
patients withdrawn from be carm or ina of angina 
and, IO sat m entation Made eles ding do 
continuation 


. When discon: 
tered NORMODYNE (labetalol HCI), ED pic in patients with 
ischemic heart disease, the be gradual 
EE E on oro wetksand patient should be carefu — Ad 
rsens or acute insufficiency devel- 
NORMODYNE (lalecalol HCl) anann deride 


lly moni- 


Loup: d least ily, and other measures appropri- 
ate for the seaming t of unstable angina should be taken. Patients 
should be against in or discontinuation of therapy 
sare me m pim s sae use artery disease is com- 


coronary 
n , it may be prudent not to discontinue 
BORNIN NORMODYNE beat ic HCI) therapy abruptly even in patients 
treat y for 
Bronchospasm (e.g., chronic bronchitis and qd 
sema) Patients wi disease should, in 
ease wm ris uade ODYNE may be used wi 
pic ine amati pedes Ti peri o, NORMODYNE 1 eng 
ypertensive agents. It is t, is to use 
the smallest effective dose, so that inhibition of or exoge- 
nous beta-agonists is minimized. 
Pheochromocytoma epus M has been shown to be effective in 
lowering the blood pressure and in patients with 
oma. However, acria hypertensive responses have 
rted in a few patients with this tumor; , use caution 
when administering labetalol HCI to patients with ytoma 
i Mif a tpg cine tere EH mer 
P De Ren emi m (er gr 
acute cemia ae upia ir sara wi i 
diabetics. Bete-blecka also reduces the release of insulin to 
ycemia; it may therefore be necessary to adjust the dies anti- 


er Surgery The necessity or desirability of withdrawing beta- 
ing therapy prior to major sey is controversial. Protracted 

: ierra and difficulty in restarting or maintaining a heart 
His aipha t have been reported with mipira e effect of labetalol 

alpha-adrenergic activity has not been evaluated in this setting. 

labetalol va and halothane anesthesia has 


caution, ES. 


Hepane L ved rare occasions, labetalol HCl 
has been bie with mii en (both tic and cholestatic). It is 
therefore recommended that treatment with labetalol HCl be stopped 
immediately should a patient develop jaundice or laboratory evidence of 
liver injury. Both have saa shown to be reversible on stopping therapy. 


Information for Patien 
As with all drugs with beta-bl activity, certain advice to 
patients being treated with labetalol H lis warranted. This information 


is intended to aid in the safe and effective use of this medication. It is 
effects. While no 


not a disclosure of all possible adverse or intended 

incident of the a wagen is) ara ores (exacerbation of 

VT has been reported with labetalol HCI, dosing with 
ODYNE Tablets should not be interru or discontinued with- 

out a rin tnr s vt. Patients being treated with N ODYNE 

ld consult a physician at any sign of punta 

failure. Also, transient scalp tingling may occur, 

ment with NORMODYNE Tablets is initiated (see ADVERSE 

REACTIONS). 


cardiac 
n treat- 


Tests 
As with any new drug given over prolonged periods, laboratory 
rs should be observed over regular intervals. In patients with 
concomitant illnesses, such as impaired renal function, appropriate tests 
should be done to monitor these conditions. 


Interactions 

In one survey, 2.396 of pitesot taki labetalol HCl in combination 
with tricyclic antidepressants e tremor as compared to 0.7% 
reported to occur with labetalol Cl alone. The contribution of each of 
the treatments to this adverse reaction is unknown but the possibility of 
a drug interaction cannot be excluded. 

possessing beta-blocking properties can blunt the bronchodila- 
tor effect of beta-receptor agonist drugs in patients with bronchospasm; 
therefore, doses greater than the normal anti-asthmatic dose of beta- 
agonist ibondfio ditor drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labeta- 
lol HCl. Since this could be explained either by enhanced absorption or 
by an alteration of hepatic metabolism of lebetalol HCI, special care 
should be used in establishing the dose required for blood pressure con- 


trol in such patients. 

Synergism has been between halothane anesthesia and 
intravenously administered "Pur HCI. During controlled hypoten- 
sive anesthesia using labetalol HCl in association with halothane, high 
nc cect iod (396 or nur skye pew vi not "epnd beras 

degree of hypotension will be increased e ility 
ofa large reduction in cardiac output end an increase in central venous 
pressure. The an should be informed when a patient is 
receiving liberato HCl. 





Labetalol HCI blunts the reflex tachycardia sa 
erin without preventing its hypotensive effect. If labetalol BCI is 
with nitroglycerin in patients with angina pectoris, additional antihy- 
pertensive effects may occur. 


gs eei rine 
Nas a Ter pone! labetalol in the urine may result in 


falsely reaa tee catecholamines when measured by a 
a, chine (TH re reaction. In screening patients sus- 
FG: mec vinge ^ MAN ia: being TUM va labetalol 
aee c or ormance liquid chromat 
phy assay tsi should be used to determine levels of catechol- 
amines or their metabolites. 


Mutagenesis, Impairment of Reni 

Long-term oral dosing studies with labetalol HCI for 18 months in 
mice and for 2 d maii in rats showed no evidence of carcinogenesis. 
Studies with labetalol HCI, using dominant lethal assays in rats and 
mice, and exposing microorganisms according to merid Ames tests, 

no evidence of mutagenesis. 
Category C 
eratogenic ade have been performed with labetalol in rats and 

rabbits at oral doses up to M RHDrelY 6 and 4 times the maximum 
recommended human dose (MRHD), ireira No reproducible evi- 
dence of fetal herr ee was observ reased fet tions 
were seen in both species at doses Simang the MRHD. There are 
no te and well-controlled studies in pregnant women. Labetalol 
should be used d uring pre pregnancy only if the potential benefit justifies the 
potential risk to the 
Nonteratogenic Effects 

Infants of R^ who were treated with labetalol HCI for hyper- 

tension during ncy did not to be abr ud affected by the 

drug. O Oral tao enne of labetalol to rats during late gestation 
through weaning at doses of 2 to 4 times the MRHD caused a decrease 
in neonatal survival. 


Labetalol HCI given to pregnant women with hypertension did not 
appear to affect the usual course of labor and delivery. 


N 
gone poe amounts of labetalol (approximately 0.004% of the maternal 
dose) are excreted in human milk. Caution should be exercised when 
NORMODYNE Tablets are administered to a nursing woman. 
Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Most adverse effects are mild, transient and occur early in the course 
of treatment. In controlled clinical trials of 3 to 4 months duration, dis- 
coe of NORMODYNE (labetalol HCl) Tablets due to one or 

verse effects was required in 796 of all patients. In these same 

ish, beta-blocker control agents led to discontinuation in 8 to 1096 of 
patients, and a centrally acting alpha- -agonist in 30% of patients. 

The incidence rates of adverse reactions listed in rhe fe following table 

were derived from multicenter controlled clinical trials, comparing labe- 

talol HCI, placebo, metoprolol and propranolol, over treatment periods 
of 3 and 4 months. Where the frequency of adverse effects for isheri 
HCI and placebo is similar, causal relationship is uncertain. The rates 
are based on adverse resis me ah m ly drug-related by the 
MERE r If all reports are considered, the rates are somewhat higher 
(e.g., dizziness 20%, nausea 1496, fatigue 11%), but the overall conclu- 
sions are unchanged. 





Labetalol HC: TEM 
(N=227) Now "a orn Neo) "y 
% % 
Body as a whole 
fa 5 0 12 12 
ror a l l 1 0 
2 l 1 2 
Gastrointestinal 
nausea 6 l 1 2 
vomiting «1 0 0 0 
i 3 l l 0 
| pain 0 0 1 2 
diarrhea «1 0 2 0 
taste distortion l 0 0 0 
Central axe Peripheral st Systems x à à 
paresthesias < i 0 0 0 
«1 2 2 2 
Autonomic Nervous System 
nasal stuffiness 3 0 0 0 
ejaculation failure 2 ; 1 S 
impotence l 
increased sweating <1 0 0 0 
Cardiovascular 
ete «tie 3 
ension l 
oa 0 0 5 12 
Respiratory 
poe 2 0 l 2 
Skin 
1 0 0 0 
ial Senses 
acne abnormality l 0 0 0 
vertigo 2 1 0 0 


The adverse effects were reported spontaneously and are represen- 
tative of the incidence of adverse effects that may be observed in a 
properly selected hypertensive patient population, i.e., a group exclud- 
ing patients with tic disease, overt congestive heart failure, 
or other contraindications to beta-blocker ges 

Clinical trials also included studies utilizing daily doses up to 
2400 mg in more severely hypertensive patients. Certain of the side 


effects increased with increasing dose as shown in the table below which 
depicts the entire U.S. therapeutic trials data base for adverse reactions 
that are clearly or possibly dose related. 
Labetalol HCI 
Daily Dose (mg) 200 300 400 600 
Number of 

Patients 522 181 606 608 
Dizziness (%) 3 3 3 
Fatigue l 4 4 
Nausea «1 0 I 2 
Vomiting 0 : M = | 
Ma aer l 
Paresthesias 2 0 2 2 
Nasal Stuffiness 1 l 2 2 
ae Failure 1 : : 
mpotence 
Edema 1 0 l l 
Labetalol HC! 
Daily Dose (mg) 800 900 1200 1600 2400 
Number of 

Patients 503 117 411 242 175 
Dizziness (%) 5 1 9 13 16 
Fatigue 5 3 7 6 10 
Nausea 4 0 7 ll 19 
Vomiting <l 0 1 2 3 
Dyspepsia 1 0 2 2 4 
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In addition, a number of other less common adverse events have 
been reported in clinical trials or the literature: 

Cardiovascular Postural hypotension, including rarely, syncope. 

Central and Peripheral Nervous Systems Paresthesias, most frequently 
described as scalp tingling. In most cases, it was mild, transient and 
usually occurred at the beginning of treatment. 


Systemic lupus erythematosus; positive antinu- 
clear factor (ANF). 
Eyes Dry eyes, 


Imm 
Liver and 
Masc Sheen S, 


rM 


us iod for marketing in the United Kingdom, a 
monitored release survey involving approximately 6, 800 patients was 
conducted for further safety and and eiicity evaluation of this product. 
Results of this survey indicate that the type, severity, and incidence of 
adverse effects were comparable to those cited above. 
Potential Adverse Effects 

In A OUI ORE MAN eec not fad above have been 
reported with other beta-adrenergic blocking 

Central Nervous System Reversible mental EN 
catatonia; an acute reversible syndrome characterized 
for time and place, short-term memory loss, emotional labili 
clouded sensorium, and decreased performance on neuropsyc 

Cardiovascular Intensification of AV block. See 
CONTRAINDICATIONS. 

Allergic Fever combined with aching and sore throat; laryngospasm; 
respiratory distress. 

H Agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. 

Gastrointestinal Mesenteric artery thrombosis; ischemic colitis. 

The oculomucocutaneous E associated with the beta-blocker 
practolol has not been reported with labetalol HCI. 

Clinical laboratory tests: There have been reversible increases of 
serum transaminases in 4% of patients treated with labetalol HCl and 
tested, and more a: reversible increases in blood urea. 


OVERDOSAG 

Overdosage di NORMODYNE (labetalol HCI) Tablets causes 
excessive hypotension which is posture sensitive, and sometimes, exces- 
sive bradycardia. — should be laid supine and their legs ra 
necessary to improve the blood supply to the brain. The following addi- 


eam to 
isorientation 
, slightly 


metrics. 


veni measures a n E employe i if necessary: Excessive ipiam dri — 
minister atropine mg). If there is no to vagal b 

administer isoproterenol cautiously. Cardiac oie fae — pes ect a px 
talis pere anda a napa Hy ion — od vasopressors, 
e.g., norepinephrine. There is p cological evidence that norepine- 
phrine may be the of choice. Bronchospasm — administer a beta;- 
stimulating ird or a theophylline preparation. 


Gastric lavage or pharmacologically induced emesis (using syrup of 
ipecac) is useful for removal of the drug shortly after ingestion. Labetalol 
HCI can be removed from the general circulation by hemodialysis. 

The oral LDso value of labetalol HCI in the mouse is approximately 
600 mg/kg and in the rat is greater than 2 gm/kg. The intravenous LDso 
in these species is 50 to 60 mg/kg. 


DOSAGE AND ADMINISTRATION 
DOSAGE MUST BE INDIVIDUALIZED. The recommended ini- 
tial dose is 100 mg twice daily whether used alone or added to a diuretic 
regimen. After 2 or 3 days, using imper on lood pressure » an indicator, 
dosage e be titrated in increments of bid every 2 or 3 days. 
The usual dosage of labetalol HCI is between 200 and 
400 mg TI" 5 
Since the full indi rtensive effect of labetalol HCI is usually seen 
within the first one to t as hours of the initial dose or dose increment, 
the assurance of a lack of an exaggerated hypotensive response can 
clinically established in the office setting. antihypertensive effects 
of continued dosing can be measured at subsequent visits, approximately 
12 hours after a dose, to determine whether further titration is necessary. 
PI sr w with severe hypertension may require from 1200 mg to 
day, with or without thiazide diuretics. Should side effects 
inis s Dee or dizziness) occur with these doses administered bid, 
e same total daily dose administered three times daily may improve 
tolerability and facilitate further titration. Titration increments should 
pesasi 200 mg twice daily. 
not When a diuretic is added, an additive antih ensive effect can be 
expected. In some cases this may necessitate a labetalol HCl dosage 
adjustment. As with most Wem ead drugs, optimal dosages of 
M RMODYNE Tablets are usually lower in patients also receiving a 
iuretic. 
n transferring patients from other antihypertensive drugs, 
NORMODYNE Tablet should be introduced as rera UA and the 
dosage of the existing therapy progressively 


HOW SUPPLIED 
NORMODYNE (labetalol HC!) Tablets, 100 mg, light-brown, 
eripe scored, film-coated tablets engraved on ore side with Schering 
and product identification numbers 244, and on the other side the num- 
ber 100 for the strength and “NORMODYNE”; bottles of 100 (NDC- 
0085-0244-04), 500 (NDC-0085-0244-05), and box of 100 for unit-dose 
dispensing (NDC-0085-0244-08). 
NORMODYNE (labetalol HC!) Tablets, , white, round, 
scored, film-coated tablets engraved on one side with Schering and 
uct identification numbers 752, and on the other side a number 
00 for the s and "NORMODYN E"; bottles of 100 (NDC- 
ace pcre (NDC-0085-0752-05), box of 100 for unit-dose 
ispensing ( (NDC-0085-0752-08), and Patient Calendar Package of 
d (4 bottles of 14 tablets) (NDC-0085-0752-03). 

NORMODYNE (labetalol HCI) Tablets, 300 mg, blue, round, film- 
coated tablets engraved on one side with Schering and product identi- 
fication numbers 438, and on the other side the number 300 for the 
str and "NORMODYNE"; bottles of 100 (NDC-0085-0438-03), 
500 (NDC-0085-0438-05), box ‘of 100 for unit-dose dispensing ( - 
0085-0438-06), and Patient Calendar Package of 56 (4 d borra of 14 
tablets) (NDC-0085-043 8-02). 

NORMODYNE Mr cm HCI) Tablets should be stored between 
2° and 30°C (36° and 86°F). 

MEE (labetalol HCI) Tablets in the unit-dose boxes 
should be protected excessive moisture. 

For complete prescribing information, please consult package insert. 


Schering Co 
Kenilworth, 


ration 
07033 


Revised 3/85 


Copyright © 1984, 1985, Schering Corporation. All rights reserved. 
NR-A421/13584109 
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Y A J ith our system diagnostics, Intermedics gives you actual operating system 
parameters for improved pacemaker/patient monitoring. 

Measured cell voltage and impedance let you know the battery status — even 

before elective replacement indication. Measured lead impedance helps you spot 


Intermedics System Diagnostics potential lead difficulties—before they 
gIVes you inside information become clinical problems. System diag- 


e nostics also gives you data to maintain a 
before your patient needs sity margin for capture, while helping 


outside help. you to maximize device longevity. 
Displayed on the Rx2000 programmer screen or printed for your files, this total 
pacing profile gives you sound information on which to base clinical decisions. 
Intermedics diagnostics is all this and quite a bit more. For full information on our 
system and patient diagnostics, call your sales representative. Or call us toll-free at 
1-800-231-2330. (In Texas, 1-800-392-3726.) We'll give you all the inside information. 


$ Intermedics lac 
Quality Comes tO life © 1985 Intermedics, Inc. 
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EXERCISE 


khay 
KAKA A AMSTERDAM MIT 
TACK I WILMER Phi 
ANTHONY A DeMAHIA Si 


This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 

Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 

physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 

population 

The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to look at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to Jook it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 


ary professional with an - 
interest in Exercise and the Heart. 


nd a a ee aie 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 
—————XXÓ————————————————X 
Yorke Medical Books AJCKS 
Box C-757. Brooklyn. New York 11205 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($42.50 rlus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


CJ Full payment enclosed, publisher pays shipping. 
O Please bill me, plus cost of shipping. 
O Charge my credit card: (Q MasterCard (] Visa. 
Card. No. Bei Dae ua uos it pee 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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24th Annual 
CRITICAL CARE MEDICINE 
Symposium 


February 27-March 2, 1986 e MGM Grand Hotel e Las Vegas, Nevada 


presented by the 
UNIVERSITY OF SOUTHERN CALIFORNIA SCHOOL OF MEDICINE 


the 


UNIVERSITY OF HEALTH SCIENCES/THE CHICAGO MEDICAL SCHOOL 


and 


The Institute of Critical Care Medicine 


TUITION: $460 
CREDIT: 25 hours 


For information contact: 


Associate Dean, USC School of Medicine, Postgraduate Division 


2025 Zonal Avenue, KAM 307, Los Angeles, California 90033 


$335 for Physicians in Training, Nurses, and Allied Health Specialists 


Phone (213) 224-7051 or (800) 421-6729 (outside California) or (800) 321-1929 (within California) 
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onitoring the pacemaker/patient interaction is the key to providing optimal pacing 
therapy. Intermedics patient diagnostics lets you fine-tune your therapy by provid- 

ing a beat-by-beat record of cardiac activity. Including paced and sensed events, number 
of premature ventricular events, and the 


Intermedics Patient D lagnostics number of times the pacemaker reached its 
gives you pacemaker history, ventricular tracking limit 


so you can control the future. gore you en hers. Mec 


parameters, evaluate the effects of drug therapy, and judge the patient's pattern of pace- 
maker utilization based on quantitative data. 

To help in your clinical decisions and record keeping, diagnostic information is 
displayed on the Rx2000 programmer screen, and can be printed for your files. 

But Intermedics diagnostics is even more than this. For complete information on our 
patient and system diagnostics, call your sales representative. Or call us toll-free at 
1-800-231-2330. (In Texas, 1-800-392-3726.) We'll put all the information in your control. 


Quality comes to life. ©1985 Inte, Inc. 
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(Corona). Digital and Corona readings correlated well with subjective interpretation of film (r >0.85 for both). 
Corona markedly improved intraobserver (p <0.005) and interobserver (p <0.001) reproducibility. Corona less 
frequently misclassified individual observations than did film when categories of less than 50, 50 to 75 and more 
than 75% diameter stenosis were used (3.7% vs 31.5%, p <0.001). Our results suggest that automatic 
measurement of coronary stenosis is accurate compared with measurements by a group of experienced 
angiographers, and for the practical purpose of clinical decision making, it eliminates intraobserver and 
interobserver variability. 


Comparison of Buccal Nitroglycerin and Oral Isosorbide Dinitrate for Nitrate Tolerance in Stable Angina 
Pectoris 


JOHN O. PARKER, KAREN A. VANKOUGHNETT, and BERNICE FARRELL 


Sixteen patients with chronic, stable exertional angina pectoris were studied to compare the hemodynamic and 
antianginal effects of buccal nitroglycerin (GTN) and oral isosorbide dinitrate (ISDN). During acute therapy, both 
buccal GTN (3 mg) and oral ISDN (30 mg) decreased systolic blood pressure at rest for 5 hours. During sustained 
3-times-daily therapy with buccal GTN and 4-times-daily therapy with oral ISDN, no significant changes were 
seen in systolic blood pressure at rest. Treadmill walking time increased significantly over the 5-hour period 
during acute and sustained administration of buccal GTN. The acute response to oral ISDN was similar to that with 
buccal GTN, but during sustained therapy with ISDN the improvement in treadmill walking time was diminished 
and persisted for only 1 hour. This investigation suggests that nitrate tolerance develops with 4-times-daily 
therapy with oral ISDN but not during 3-times-daily therapy with buccal GTN. 


Collateral Flow in Patients with Acute Myocardial Infarction 


WILLIAM D. NITZBERG, HRUDAYA P. NATH, WILLIAM J. ROGERS, WILLIAM P. HOOD, Jr., 
PATRICK L. WHITLOW, RUSSELL REEVES, and WILLIAM A. BAXLEY 


Using a system developed to assess collaterals in a semiquantitative fashion from coronary arteriograms, infarct- 
zone collaterals were examined at the time of and 2 weeks after acute myocardial infarction in 53 patients 
undergoing emergency angiography and reperfusion interventions. Baseline collaterals were sparse; collaterals 
were more extensive 2 weeks after acute myocardial infarction, and they increased primarily in patients with 
occluded infarct-related arteries at follow-up angiography. Improvement in global ejection fraction at repeat 
angiography among patients with occluded infarct-related vessels during acute myocardial infarction tended to be 
associated with higher baseline collaterals scores. 


Frequency and Significance of Induced Sustained Ventricular Tachycardia or Fibrillation Two Weeks After 
Acute Myocardial Infarction 


ANIL K. BHANDARI, JEFFREY S. ROSE, ADAM KOTLEWSK!, SHAHBUDIN H. RAHIMTOOLA, and 
DELON WU 


Electrophysiologic stimulation studies, 24-hour ambulatory electrocardiographic monitoring and angiographic 
evaluations were prospectively performed in 45 patients 9 to 21 days after acute transmural myocardial 
infarction. Of 45 patients, 20 (44%) had induction of sustained ventricular tachycardia or fibrillation (group |). 
These patients had more severe wall motion abnormalities and a higher incidence of left ventricular aneurysms 
than the 25 patients with no inducible sustained ventricular tachyarrhythmias (group II). During a mean follow-up 
of 10 + 3 months, 1 patient in each group died suddenly and 1 patient in group | had spontaneous sustained ven- 
tricular tachycardia. Electrical induction of sustained ventricular arrhythmias is common 2 weeks after acute 
infarction, but appears to be of limited prognostic significance. 


Crossover from Intravenous to Transdermal Nitroglycerin Therapy in Unstable Angina Pectoris 


SHU-GUANG LIN and JOHN T. FLAHERTY 

The present study was designed to examine the safety and efficacy of titrating intravenous (i.v.) nitroglycerin to a 
fixed hemodynamic endpoint as the initial therapy for patients admitted to a coronary care unit for medically 
refractory unstable angina, and to test the hypothesis that patients, responding to the addition of i.v. nitroglycerin 


Continued on page A24 
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SOFTIP Catheters 
reduce vascular damage 


Celgard " Coating 
provides a thromboresistant 
catheter surface 


And Better 
Performance 


Largest Lumen 
.076" — 8 French, 
internal diameter 


.080" — 9 French, 
internal diameter 


‘Teflon’ Lining 
eases balloon catheter 
advancement 


Angithane ' 
radiopaque polyurethane 
and wire braiding provide 
good torque control and 
backup support. 


"Teflon? is a registered trademark 
of E.I. DuPont deNemours Co., Inc. 


See the full line of Angiomedics SOFTIP. catheters at booth 
# 1819 during the American Heart Association's 58th Scientific 
Sessions in Washington, D.C. November 11 through 14, 1985. 
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“Innovations for Safer Angiography and Angioplasty” 
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2905 Northwest Boulevard * Minneapolis, Minnesota 55441 * 612-553-8600 * Telex 706-388 
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to their previous antianginal regimen, could be crossed over to nitroglycerin administered by one of the new 
transdermal delivery systems. Nine patients had a nitroglycerin infusion titrated to a 10% reduction in mean 
arterial pressure, which resulted in cessation of episodes of chest pain at rest in all 9. Subsequently, this 
treatment strategy was tested in 17 consecutive patients treated in our coronary care unit during a 1-month period 
for unstable angina. Ten of 15 successfully treated patients had an ischemia as the cause of their chest pain 
documented by cardiac catheterization and no change in antianginal or vasoactive drugs during crossover to 
transdermal therapy. In 4.8 + 0.9 hours, all 10 patients were tapered off i.v. nitroglycerin (84 + 74 g/min, range 
10 to 200) and crossed over in a stepwise fashion to transdermal nitroglycerin patches (22.5 + 10 mg/24 hours, 
range 5 to 40), while maintaining the mean arterial pressure reduction achieved with i.v. therapy. Among these 10 
patients, 7 had no further pain episodes throughout the remainder of their hospitalization. Two patients had a 
single episode of chest pain, after transient interruption of transdermal nitroglycerin therapy in 1 and transient 
reduction of the transdermal dose in the other. These results suggest that i.v. nitroglycerin is safe and effective 
treatment for patients with unstable angina admitted to a coronary care unit, and that the new transdermal 
nitroglycerin delivery systems successfully maintain these beneficial effects. 


749 Ischemia During Angioplasty After Streptokinase: A Marker of Myocardial Salvage 


LOWELL F. SATLER, CHARLES E. RACKLEY, CURTIS E. GREEN, RANDOLPH S. PALLAS, 
DAVID L. PEARLE, ALBERT A. DEL NEGRO, and KENNETH M. KENT 


Thrombolytic therapy in acute myocardial infarction has not clearly demonstrated myocardial salvage as 
assessed by enzymatic, electrocardiographic, or regional wall motion evaluation of the left ventricle. After 
successful reperfusion, however, patients frequently experience recurrent episodes of chest pain, presumably 
owing to transient reocclusion of the infarct vessel. To recognize salvaged myocardium, the effects of coronary 
angioplasty soon after thrombolytic therapy were reviewed. Controlled reocclusion of the infarct vessel with a 
balloon catheter resulted in electrocardiographic or ischemic changes in 21 of 55 patients. These ischemic 
changes suggest the presence of persistently viable, salvaged myocardium in the distribution of the reperfused 
infarct vessel. 


753 Evaluation of Methods of Measurement and Estimation of Left Ventricular Function After Acute Myocardial 
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Infarction 


MICHAEL G. JONES, BARRY W. RAMO, GILBERT L. RAFF, TOMOAKI HINOHARA, and 
GALEN S. WAGNER 


Multiple gated blood pool imaging and single-plane contrast ventriculography were used to obtain 2 independent 
measures of left ventricular (LV) ejection fraction (EF) in each of 21 patients seen 2 to 6 weeks after their first 
acute myocardial infarction (AMI). These measures were then compared with the extent of myocardial necrosis 
estimated from a standard 12-lead electrocardiogram using the complete Selvester QRS scoring system. 
Correlation coefficients between the 2 measures of LVEF were similar to those previously reported for non-AMI 
populations. A QRS score of 4 or less achieved 100% specificity and a score of 8 or less, 100% sensitivity for 
predicting an LVEF greater than 40%. Thus, the Selvester QRS scoring system may be of value in identifying pa- 
tients with or without markedly impaired LVEF. This risk stratification may be important in reaching optimal post- 
AMI therapeutic decisions. 


Infections in a Coronary Care Unit 


WINSTON A. SCHANDORF, RICHARD B. BROWN, MICHAEL SANDS, and DAVID HOSMER 


All infections within an active coronary care unit (CCU) were analyzed over a 3-year period to ascertain rates, 
outcomes, pathogens and infection sites. Two hundred thirty-six infections were documented in 200 patients. 
Infection rates were 5 and 2% for total and CCU-acquired infections, respectively. The latter accounted for 11% 
of nosocomial infections that occurred within all critical care areas surveyed. Lower respiratory and urinary tract 
infections were most commonly noted, with E. coli, S. aureus and klebsiella-enterobacter-serratia most usually 
implicated. Mortality among patients with infections was 31%, compared with 8 to 12% in those without 
infections. Patients with fewer respiratory infections or primary bacteremias had a higher mortality rate than 
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CARDIZEM (diltiazem HCl): 
with a low incidence 


Percentage of patients 
experiencing adverse reactions 


100 


In the treatment of angina pec- 
toris, calcium channel blockers have 
been found to be potent coronarv 
vasodilators. And, due to its balanced 
hemodynamic profile, CARDIZEM* 
(diltiazem HCl) produces a low inci- 
dence of side effects, thus contribut- 


ing to the patients sense of well-being. 


“The lack of significant adverse 


effects with diltiazem appears to corre- 


late with the high rate of acceptance 
of the drug by patients and the drug’s 
safety in both short- and long-term 
use. ! 





Low incidence of side effects 


The adverse reactions reported most frequently with Cardizem have been: 


NENNEN E E «€ X ee c $m 
Edema Headache Nausea Dizziness Rash Asthenia AV Block 
2.496 2.196 1.9% 1.5% 1.396 1.2% 1.1% ^ 
In many cases, the relationship to Cardizem has not not greater than that reported during placebo therapy. 


been established. 


For other adverse reactions infrequently reported 


In placebo-controlled US trials, the incidence of ( 1.026 ), see brief summary of prescribing information 
adverse reactions reported during Cardizem therapy was on last page of this ad. 








a balance of effectiveness 
of side effects 





Increases exercise 
tolerance 


CARDIZEM” (diltiazem 
HCD allows patients to signifi- 
cantly prolong exercise tolerance 
even in demanding Bruce proto- 
col exercise tests? In time to 
onset of pain, control patients 
averaged 8.0 minutes; Cardizem 
patients averaged 9.8 minutes. 
*Cardizem is indicated in the treatment of chronic stable 


angina (classic effort-associated angina) and angina due to 
coronary artery spasm. 


Reduces angina attack 
frequency 
4296 to 4696 decrease in 
effort angina attacks reported in 
multicenter study? 


(diltiazem HCl) 


The balanced 
calcium channel 
blocker 


Lene 
(diltiazem HCI) 


30 mg and 60 mg tablets 


BRIEF SUMMARY 


CARDIZEM® (diltiazem hydrochloride) is a calcium ion influx inhibitor (slow channel blocker or calcium antagonist). 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM is indicated in the treatment of angina pectoris due to coronary artery 
spasm. CARDIZEM has been shown effective in the treatment of spontaneous coronary artery spasm presenting as Prinzmetal's variant 
angina (resting angina with ST-segment elevation occurring during attacks). 
2. Chronic Stable Angina (Classic Effort-Associated Angina). CARDIZEM is indicated in the management of chronic stable angina. 
CARDIZEM has been effective in controlled trials in reducing angina frequency and increasing exercise tolerance. 
There are no controlled studies of the effectiveness of the concomitant use of diltiazem and beta-blockers or of the safety of this combination 
in patients with impaired ventricular function or conduction abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in the presence of a functioning ventricular pacemaker, (2) 
patients with second- or third-degree AV block except in the presence of a functioning ventricular pacemaker, and (3) patients with hypotension 
(less than 90 mm Hg systolic). 
WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory periods without significantly prolonging sinus node recovery time, except 
in patients with sick sinus syndrome. This effect may rarely result in abnormally slow heart rates (particularly in patients with sick sinus 
syndrome) or second- or thirc-degree AV block (six of 1243 patients for 0.48%). Concomitant use of diltiazem with beta-blockers or 
digitalis may result in additive effects on cardiac conduction. A patient with Prinzmetal's angina developed periods of asystole (2 to 5 
seconds) after a single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tissue preparations, hemodynamic 
Studies in humans with normal ventricular function have not shown a reduction in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM alone or in combination with beta-blockers in patients with impaired 
ventricular function is very limited. Caution should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may occasionally result in symptomatic hypotension. 

4. Acute Hepatic Injury. in rare instances, patients receiving CARDIZEM have exhibited reversible acute hepatic injury as evidenced by 
moderate to extreme elevations of liver enzymes. (See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by the liver and excreted by the kidneys and in bile. As with any 
new drug given over prolonged periods, laboratory parameters should be monitored at regular intervals. The drug should be used with caution 
in patients with impaired renal or hepatic function. In subacute and chronic dog and rat studies Gesigned to produce toxicity, high doses of 
diltiazem were associated with hepatic damage. In special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats were 


e e associated with histological changes in the liver which were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also 
diltiazem H(q i associated with hepatic changes; however, these changes were reversible with continued dosing. 
Drug interaction. Pharmacologic studies indicate that there may be additive effects in prolonging AV conduction when using 


beta-blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

Controlled and uncontrolled domestic studies suggest that concomitant use of CARDIZEM and beta-blockers or digitalis is usually well ET 
tolerated. Available data are not sufficient, however, to predict the effects of concomitant treatment, particularly in patients with left ventricular — ^ 
dysfunction or cardiac conduction abnormalities. In healthy volunteers, diltiazem has been shown to increase serum digoxin levels up to 2096. 


db Carcinogenesis, Mutagenesis. impairment of Fertility. A 24-month study in rats and a 21-month study in mice showed no evidence 
Ben of carcinogenicity. There was also nc mutagenic response in in vitro bacterial tests. No intrinsic effect on ferblity was observed in rats. 
Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits. Administration of doses ranging from five to 


e ten times greater (on an mg/kg basis) than the daily recommended therapeutic dose has resulted in embryo and fetal lethality. These doses, in 
some studies, have been reported to cause skeletal abnormalities. In the perinatal/postnatal studies, there was some reduction in early 
O individual pup weights and survival rates. There was an increased incidence of stillbirths at doses of 20 times the human dose or greater 


There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in pregnant women only if the potential benefit justifies 
the potential risk to the fetus. 
thera Nursing Mothers. It is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk, exercise 
caution when CARDIZEM is administered to a nursing woman if the drug's benefits are thought to outweigh its potential risks in this situation. 
Pediatric Use. Safety and effectiveness in children have not been established. 


E ` ^ ADVERSE REACTIONS 
e Increases COI onary blood Serious adverse reactions have been rare in studies carried out to date, but it should be recognized that patients with impaired ventricular 


function and cardiac concuction abnormalities have usually been excluded. 

flow In domestic placebo-controlled trials, the incidence of adverse reactions reported during CARDIZEM therapy was not greater than that 
reported during placebo therapy. 

The following represent occurrences observed in clinical studies which can be at least reasonably associated with the pharmacology of 


* Decreases a | erload And calcium influx inhibition. In many cases, the relationship to CARDIZEM has not been established. The most common occurrences, as well as 


their frequency of presentation, are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness (1.5%), rash (1.3%), asthenia (1.2%), AV block 





bl ood A (1.196). In addition, the foliowing events were reported infrequently (less than 1%) with the order of presentation corresponding to the relative 
pt essur = frequency of occurrence. 
Cardiovascular: Flushing, arrhythmia, hypotension, bradycardia, palpitations, congestive heart failure, syncope. 
* Dec [Cases heart rate Nervous System Paresthesia. nervousness, somnolence, tremor, insomnia, hallucinations, and amnesia. 
Gastrointestinal: Constipation, dyspepsia, diarrhea, vomiting, mild elevations of alkaline phosphatase, SGOT, SGPT, and LDH. 
^ 4 Dermatologic Pruritus, petechiae, urticaria, photosensitivity 
e Can be used alone or in € ssepius 


The following additional experiences have been noted: = 


è . . A patient with Prinzmetal's : sodes of past developed periods of transient asymptomatic asystole 
combination with other anal vi nmetals angina experiencing episodes o vasospastic angina developed periods of tansent asymptomatic as 


. ° The tollowing postmarketing events have been reported infrequently in patients receiving CARDIZEM: erythema multiforme; leukopenia; and 
antan ginals extreme elevations of alkaline phosphatase, SGOT, SGPT, LDH, and CPK. However, a definitive cause and effect between these events and 
J CARDIZEM therapy is yet to be established. 
OVERDOSAGE OR EXAGGERATED RESPONSE 


Overdosage experience with oral diltiazem has been limited. Single oral doses of 300 mg of CARDIZEM have been well tolerated by healthy 
volunteers. In the event of overdosage or exaggerated response, appropriate supportive measures should be employed in addition to gastric 
lavage. The following measures may be considered: 


Bradycardia Administer atropine (0.60 to 1.0 mg). If there is no response to vagal blockade, administer isoproterenol Cautiously. 
High-Degree AV Block Treat as for bradycardia above. Fixed high-degree AV block should be treated with cardiac pacing. 

Cardiac Failure Administer inotropic agents (isoproterenol, dopamine, or dobutamine) and diuretics. 

Hypotension Vasopressors (eg, dopamine or levarterenol bitartrate). 


Actual treatment and dosage should depend on the severity of the clinical situation and the judgment and experience of the treating physician. 

The oral LD<o's in mice and rats range from 415 to 740 mg/kg and from 560 to 810 mg/kg, respectively. The intravenous LDsg's in these 
species were 60 and 38 mg/kg, respectively The oral LD,» in dogs is considered to be in excess of 50 mg/kg, while lethality was seen in 
monkeys at 360 mg/kg. The toxic dose in man is not known, but blood levels in excess of 800 ng/ml have not been associated with toxicity. 


DOSAGE AND ADMINISTRATION 

Exertional Angina Pectoris Due to Atherosclerotic Coronary Artery Disease or Angina Pectoris at Rest Due to Coronary 
Artery Spasm. Dosage must be adjusted to each patient's needs. Starting with 30 mg four times daily, before meals and at bedtime, dosage 
Should be increased gradually (given in divided doses three or four times daily) at one- to two-day intervals unti! optimum response is obtained. 


References. Although individual patients may respond to any dosage level, the average optimum dosage range appears to be 180 to 240 mg/day. There are 

1. Schroeder JS, Lamb IH, Ginsburg R, et al: Diltiazem for long-term therapy of coronary no available data concerning dosage requirements in patients with impaired renal or hepatic function. If the drug must be used in such patients, 
arterial spasm. Am J Cardiol 49:533-537, 1982. titration should be carried out with particular caution. 

2. Pool PE, Seagren SC, Bonanno JA, et al: The treatment of exercise-inducible chronic Concomitant Use With Other Antianginal Agents: | 
stable angina with diltiazem: Effect on treadmill exercise. Chest 78 (July supp) :234-238, 1. Sublingual NTG may be taken as required to abort acute anginal attacks during CARDIZEM therapy. 
1980. 2 Prophylactic Nitrate Therapy—CARDIZEM may be safely coadministered with short- and long-acting nitrates, but there have been no 

3. Strauss WE, Mcintyre KM, Parisi AF, et al: Safety and efficacy of diltiazem hydrochlo- controlled studies to evaluate the antianginal effectiveness of this combination. ` 
‘is ris emp peage Spekes aera 3. Beta-blockers. (See WARNINGS and PRECAUTIONS.) ' 
Am J Cardiol 49:560-566, 1982. HOW SUPPLIED 
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persons infected at other sites (p «0.00 1). Infections are seen in almost 5% of CCU patients. Mortality rates in in- 
fected patients may be 3 times higher than in the general CCU population. This study provides data against which 
other similar institutions can gauge their CCU infection rates 


METHODS 


761 Determination of Left Ventricular Mass Using Single-Photon Emission Computed Tomography 


CHRISTOPHER L. WOLFE, DONALD E. JANSEN, JAMES R. CORBETT, KIRK LIPSCOMB, 
GREGORY GABLIANI, NEIL FILIPCHUK, GREGORY REDISH, SAMUEL E. LEWIS, and 
JAMES T. WILLERSON 


This study tested the hypothesis that single-photon emission computed tomography (SPECT) accurately mea- 
sures left ventricular (LV) mass in humans. SPECT measurements of LV mass were compared with LV mass 
determined by cineangiography in 12 patients. There was good correlation between LV mass determined by 
SPECT and by cineangiography (r — 0.82, root-mean-square deviation from regression — 24.7). 


764 Analysis of Factors Affecting the Variability of Fick Versus Indicator Dilution Measurements of Cardiac 


Output 
L. DAVID HILLIS, BRIAN G. FIRTH, and MICHAEL D. WINNIFORD 


This study was performed to assess the relation between Fick and indicator dilution measurements of cardiac 
output (CO) in a large number of subjects, and to evaluate this relation in patients with a low CO, a high CO and 
left-sided regurgitation. In 808 patients, CO was measured by Fick and either thermodilution (right atrium to 
pulmonary artery) (n = 252) or indocyanine green dye (pulmonary artery to systemic artery) (n = 556). There was 
good agreement between Fick and both indicator dilution techniques. The disparity between Fick and indicator 
dilution was increased in patients with a low CO (less than 2 liters/min/m^) (n = 152) and aortic or mitral 
regurgitation (n — 83). In these groups, the disparity between Fick and thermodilution was not increased, but the 
disparity between Fick and dye was exaggerated. Thus, thermodilution is preferable to indocyanine green dye in 
patients with a low CO or those with left-sided regurgitation. 


769 Effect of Damped Sine-Wave Shocks on Catheter Dielectric Strength 
GUST H. BARDY, FERNANDO COLTORTI, TOM D. IVEY, DAN YERKOVICH, and H. LEON GREENE 


This study evaluated the ability of 24 new standard tripolar and quadripolar catheters to withstand a single damped 
sinusoidal shock delivered by a standard defibrillator. The schema for energy delivery was meant to simulate 
possible clinical practices. Delivered peak voltage and current were measured during each shock. Each 
electrode was examined for pitting and changes in line resistance as a consequence of the shock. Electrode 
pitting occurred on all selected anodal poles. However, it also was found on “unsolicited” electrodes from 7 
catheters, indicating that current had followed unanticipated routes. Electrode line resistance was unmeasurable 
in 6 of these 7 inappropriately pitted electrodes. Delivered peak voltage and post-shock catheter dielectric 
strength depended on the manner of energy delivery. To simulate a posterior septal accessory pathway ablation 
procedure a shock was delivered to 2 proximal (anodal) poles in 16 quadripolar catheters (8 received 200 J and 8 
received 360 J). Delivered peak voltage was 3,125 + 362 V for the 200-J shock and 4,100 + 160 V for the 360-J 
shock. Post-shock catheter dielectric strength for the 200- and 360-J shock was 1,425 + 826 V and 601 + 707 
V, respectively. This was significantly lower than peak delivered voltage (p «0.001 for either energy). To 
simulate His bundle or VT focus ablation, 8 tripolar catheters each received a single 200-J shock to the tip 
electrode. This resulted in a delivered peak voltage of 2,900 + 351 V, compared with a post-shock dielectric 
strength of 1,325 + 1,320 V (p <0.002). Thus, standard catheters cannot control current flow adequately during a 
single high-energy shock because of inadequate dielectric strength. After the first shock an already inadequate 
dielectric strength deteriorates and increases the likelihood of current leakage with each subsequent shock. 
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ed in ion and/or treatment of: - 

! arrhythmias: Premature ventricular contractions, 
ventricular tachycardia (when nol associated with complete heartblock) 

2. Junctional (nodal) arrhythmias: A-V junctional premature com- 
plexes, paroxysmal junctional tachycardia 3. Supraventricular (atrial) 
arrhythmias: Premature atrial contractions, paroxysmal atrial tachycardia, 
atrial flutter, atrial fibrillation (chronic anc paroxysmal). 
CONTRAINDICATIONS: 1 Idiosyncrasy or hypersensitivity to quinidine 
2. Complete A-V block. 3. Complete bundle branch block or other severe 
intraventricular conduction defects, especially those exhibiting a marked 
grade of ORS widening. 4 Digitalis intoxication manifested by A-V 
conduction disorders. 5. Myasthenia gravis. 6. Aberrant impulses and 
abnormal rhythms due to escape mechanisms 

WARNINGS: 1 In the treatment of atrial flutter. reversion to sinus rhythm 
may be preceded by a progressive reduction in the degree of A-V block to a 
1:1 ratio resulting in an extremely rapid ventricular rate. This possible 
hazard may be reduced by digitalization prior to administration of quinidine 
2. Recent reports indicate that plasma concentrations of digoxin increase 
and may even double when quinidine is administered concurrently Patients 
on concomitant therapy should be carefully monitored. Reduction of 
digoxin dosage may have to be considered 

3. Manifestations of quinidine cardiotoxicity such as excessive prolonga- 
tion of the Q-T interval. widening of the ORS complex and ventricular 
tachyarrhythmias mandate immediate discontinuation of the drug and/or 
close clinical and electrocardiographic monitoring 

4. In susceptible individuals. such as those with marginally compensated 
cardiovascular disease, quinidine may produce Clinically important depres- 
sion of cardiac function such as hypotension, bradycardia, or heartblock 
Quinidine therapy should be carefully monitored in such individuals 

5. Quinidine should be used with extreme caution in patients with incom- 
plete A-V block since complete block and asystole may be produced 
Quinidine may cause abnormalities of cardiac rhythm in digitalized patients 
and therefore should be used with caution in the presence of digitalis 
intoxication 6 Quinidine should be used with caution in patients 
exhibiting renal, cardiac or hepatic insufficiency because of potential 
accumulation of quinidine in plasma leading to toxicity 

7. Patients taking quinidine occasionally have syncppal episodes which 
usually result from ventricular tachycardia or fibrillation This syndrome 
has not been shown to be related to dose or plasma levels Syncopal 
episodes frequently terminale spontaneously or in response to treatment 
bul sometimes are fatal 

8. A few cases of hepatotoxicity, including granulomatous hepatitis, due to 
quinidine hypersensitivity have been reported in patients taking quinidine 
Unexplained fever and/or elevation of hepatic enzymes. particularly in the 
early stages of therapy, warrant consideration of possible hepatotoxicity 
Monitoring liver function during the first 4-8 weeks should be considered 
Cessation of quinidine in these cases usually results in the disappearance 


of toxicit 

PRECAUTIONS: General: The precautions to be observed include all 
those applicable to quinidine A pretiminary test dose of a single tablet of 
quinidine sulfate may be administered to determine if the patient has an 
ididsyncrasy to quinidine Hypersensitivity to quinidine, although rare. 
Should constantly be considered. especially during the first weeks of therapy 
Hospitalization for close clinical observation. electrocardiographic monitor- 
ing, and possible determination of plasma quinidine levels is indicated 
when large doses are used, or with patients who present an increased risk 
Information tor Patients: As with all solid oral medications, Quinaglute 
(quinidine gluconate) Dura-Tabs (sustained-release tablets) should be 
taken with an adequate amount of fluid, preferably in an upright position 


Drug Interactions: Dy Effect 

Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic effects 
Quinidine with carbonic anhydrase —Alkalinizalion of urine 

inhibitors, sodium bicarbonate resulting in decreased 

thiazide diuretics excretion of quinidine 


Quinidine with coumarin Reduction of clotting factor 
anticoagulants concentrations 


Quinidine with tubocurare, Potentiation of neuro- 

Succinylcholine and decamethonium muscular blockade 

Quinidine with phenothiazines Addilive cardiac depressive 

and reserpine effects 

Quinidine with hepalic enzyme- Decreased plasma hall-life 
of quinidine 


inducing v^ (phenobarbital, 
phenytoin, rifampin) 
Quinidine with digoxin increased plasma concentra- 
tions of digoxin (see WARNINGS) 
Carcinogenesis, Mutagenesis and Impairment of Fertility: Long- 
term studies in animals have not been performed to evaluate the 
carcinogenic potential of quinidine. There is currently no evidence of 
inidine-induced mutagenesis or impairment of fertility 

gnancy: leralogenic Effects: Pregnancy Category C. Animal reproduc- 
tion studies have not been conducted with quinidine. There are no adequate 
and well-controlled studies in pregnant women. Quinaglule (quinidine 
gluconate) Dura-Tabs should be given to a pregnant woman only if clearly 
needed. Nonteratogenic Effects: Like quinine, quinidine has been reported 
lo have oxytocic properties. The significance of this properly in the clinical 
setting has not been established 
Nursing Mothers: Caution should be exercised when Quinaglute 
(quinidine gluconate) Dura- Tabs are administered to a nursing woman due 
lo passage of the drug into breast milk 
Pediatric Use: There are no adequate and well-controlled studies 
establishing the safety and effectiveness ot Quinaglute (quinidine gluco- 
neie) Dura- Tabs in children 
ADVERSE REACTIONS: Symptoms of cinchonism, ringing in ears, 
headache, nausea, and/or disturbed vision may appear in sensitive patients 
after a single dose of the drug. The most pay encountered side 
effects to quinidine are gastrointestinal in nature These gastrointestinal 
effects include nausea, vomiting, abdominal pain and diarrhea 
Less frequently encountered adverse reactions: 
Cardiovascular: Widening of QRS complex, cardiac asystole. ventricular 
ectopic beats, idioventricular rhythms including ventricular tachycardia and 
fibrillation, paradoxical tachycardia, arterial embolism and hypotension 
Hematologic: Acute hemolytic anemia, hypoprothrombinemia, throm- 
bocytopenia (purpura), agranulocytosis 

tral Nervous System: Headache. fever. vertigo. apprehension 
excitement, confusion, delirium and syncope, disturbed hearing (tinnitus, 
decreased auditory acuity), disturbed vision (mydriasis, blurred vision. 
disturbed color perception, reduced vision field, photophobia, diplopia. 
night blindness, scotomala), optic neuritis 
Dermatologic: Rash, cutaneous flushing with intense pruritus, urticaria 
Photosensitivity has also been reported 
Hypersensitivity Reactions: Angioedema, acute asthmatic episode. 
vascular collapse, respiratory arrest, hepatic toxicity, including gran- 
ulomatous hepatitis (see WARNINGS). Although extremely rare. there have 
also been reports of lupus erythematosus in patients taking quinidine A 
positive association with quinidine therapy has nol been established 
See package insert for full information. 
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773 Value of Intraoperative Left Ventricular Microbubbles Detected by Transesophageal Two-Dimensional 
Echocardiography in Predicting Neurologic Outcome After Cardiac Operations 


ERIC J. TOPOL, LINDA S. HUMPHREY, A. MICHAEL BORKON, 
WILLIAM A. BAUMGARTNER, DEBRA L. DORSEY, BRUCE A. REITZ, and JAMES L. WEISS 


To determine whether the presence or absence of left ventricular intracavitary microbubbles during cardiac 
surgery predicts neurologic outcome, 82 patients undergoing cardiac surgery were studied with transesophageal 
2-dimensional echocardiography. Microbubbles were detected after cardiopulmonary bypass in 34 patients 
(41%) and were more often found in those who underwent valvular or intracardiac manipulations than in those 
who underwent coronary revascularization, 30 of 40 vs 4 of 42 patients, respectively (p <0.001). When dense mi- 
crobubbles were identified (22 of 34 patients), mechanical attempts to eradicate them were not successful. 
Postoperative follow-up did not reveal new focal neurologic deficits. However, a prolonged confusional state 
(longer than 72 hours) occurred in 4 of 48 patients with no detectable microbubbles and 3 of 34 patients with mi- 
crobubbles (difference not significant). Thus, intracavitary left ventricular microbubbles are detected frequently 
during cardiac surgery, particularly during valve replacement, but are not predictive of postoperative neurologic 
complications. 


776 Right Ventricular Ejection Fraction Measured by First-Pass Intravenous Krypton-8 1m: Reproducibility and 
^ Comparison with Technetium-99m 


DEAN F. WONG, T.K. NATARAJAN, WARREN SUMMER, PAUL A. TIBBITS, THOMAS BECK, 
DANIEL KOLLER, WAYNE KASECAMP, JAMES LAMB, JOSEPH OLYNYK, MARY SUE PHILP, 
MARSHALL BRYAN, and HENRY N. WAGNER, Jr. 


Right ventricular ejection fraction was studied using intravenous first-pass krypton-81m in 22 subjects. This 
technique was compared with the standard technetium-99m method. Krypton-81m, which has a 13-second 
half-life, offers the advantage of multiple replicate studies within minutes of each other. The study showed 
good correlation of krypton-81m with the standard technique, but krypton-81m results in considerably less 
radiation exposure. 


781 Measurement of Left Ventricular Volume Using Single-Photon Emission Computed Tomography 
GARY R. CAPUTO, MICHAEL M. GRAHAM, KIRK D. BRUST, J. WARD KENNEDY, and WIL B. NELP 


Left ventricular (LV) volume was measured using single-photon emission computed tomography (SPECT) of the 
cardiac blood pool. The tomographic slices were used to determine the counts per milliliter in the center of the 
left ventricle and total LV counts, which were used to derive mean LV volume. End-diastolic and end-systolic 
volumes were calculated from the mean volume using the LV time-activity curve from planar gated blood pool im- 
ages. Phantom evaluation with simulated LV volumes (50 to 400 ml) showed excellent accuracy. For clinical 
validation, the results from 30 patients were compared with single-plane cineangiography. For end-diastolic and 
end-systolic volumes combined, the correlation with cineangiography showed a standard error of the estimate of 
24 ml and 14 ml, respectively. This relatively simple, SPECT-based technique is an accurate and reproducible 
way to measure LV volume. 


BRIEF REPORTS 


787  Echocardiographic Detection of Complete and Partial Papillary Muscle Rupture During Acute Myocardial 
Infarction 


PATRICIA C. COME, MARILYN F. RILEY, RONALD WEINTRAUB, JAMES P. MORGAN, and 
SHOICHIRO NAKAO 
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789 Sequential Balloon Technique in Angioplasty of Severe Coronary Arterial Obstructions 


DAVID C. LEVIN, LAWRENCE M. BOXT, RICHARD ABBEN, J. DANIEL GARNIC, 
JAMES M. KIRSHENBAUM, DALE ADLER, THOMAS SHOOK, PETER FRIEDMAN, and PETER GANZ 
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Surgical Treatment of Medically Refractory Variant Angina Pectoris: Segmental Coronary Resection with 
Aortocoronary Bypass and Plexectomy 


CHRISTOPHER DiPAOLO, NICHOLAS Z. KERIN, NELVYN RUBENFIRE, and FREDERICK LEVINE 


Relation of Acute Myocardial Infarction to Cocaine Abuse 
LOUIS L. CREGLER and HERBERT MARK 


Coronary Arterial Findings After Accidental Death Immediately After Successful Percutaneous Transluminal 
Coronary Angioplasty 
ALAN L. SOWARD, CATHERINA E. ESSED, and PATRICK W. SERRUYS 


Exercise-Related Bundle Branch Block in Children 
J. TIMOTHY BRICKER, MALINDA S. TRAWEEK, DAVID A. DANFORD, THOMAS A. VARGO, and ET 
ARTHUR GARSON, Jr. 


Pacemaker Twiddler's Syndrome: An Important Cause of Diaphragmatic Pacing 
ANIL KUMAR, CHARLES R. McKAY, and SHAHBUDIN H. RAHIMTOOLA 


Arrhythmogenic Right Ventricular Dysplasia in a Family 


MICHAEL A. RUDER, STUART A. WINSTON, JESSE C. DAVIS, JOSEPH A. ABBOTT, 
MICHAEL ELDAR, and MELVIN M. SCHEINMAN 


Induction and Termination of Ventricular Tachycardia by Changing Body Posture 
TOHRU OHE, YOSIAKI TOMOBUCHI, and KATSURO SHIMOMURA 


Norepinephrine Infusions in Congestive Heart Failure 
STEVEN R. GOLDSMITH, GARY S. FRANCIS, and JAY N. COHN 


Upright Paradoxical Posterior Wall Movement in Mitral Valve Prolapse 
JACK KRAFCHEK, MARY SHAW, and JOSEPH KISSLO 


Safety of Labor and Delivery in Women with Mitral Valve Prolapse 


EDWARD P. SHAPIRO, EDWARD L. TRIMBLE, J. COURTLAND ROBINSON, MYRNA T. ESTRUCH, and 
SHELDON H. GOTTLIEB 


Mitral Valve Prolapse and Addictions 
JON CHRISTOPHER STRINGER, ANIS OBEID, and ELEANOR O'SHEA > 


Significance of E Point-Septal Separation by M-Mode Echocardiography in Patients with Aortic Regurgitation 
MAXINE H. ROSOFF and MICHAEL V. COHEN 


Continued on page A44 
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Tebetalo HCI/Glaxo 


_-Thebeta-dilator™ response: 
control within minutes 


Action within a minute. Trandate” (labetalol HCI/Glaxo) ni 
rapidly, predictably lowers blood pressure ‘by: lowering total peripheral". . 
resistance (TPR), while maintaining cardiac output.*? The "beta-dilator n 
effect. of simultaneous beta blockade’ and alpha blockade-induced 
vasodilation ts apparent within. a minute. 


Rapid control. Full effect of an. Ñ dose is apparent in 5:to 10 
minutes: helps avoid. dypotensive " ‘overshoot,’ ,Jacilitates monitoring. 


Cost control. ‘Rapid effect may shorten hospital Stay and: 
: beneficially affect costs under DRG's: 


Well tolerated.* The most commonly reparis PUN reactio * 
-postufal hypotension,’ dizziness, paresthesias, increased. — * 
and nausea. | ,7* cm 


Smooth transition to oral therapy with the same agent 
Control'of: ‘hypertensive crisis with Trandate Injection allows continued - 
control on oral.therapy with no need to change agents. 
i Trandateé Injection—the ^béta-dilator s response to hypertensive 
E emergencies: „another origiria product of Glaxo research. 


* Patients should always be kept in a supine position during IV drug administration. See DOSAGE AND ADMINISTRATION section 
of Prescebing Information before initiating therapy 

' The episodes of postural hypotension and dizziness occurred primarily in one study in which patients were placed in an upright 
position within’ three hours of dosing for evaluation 


For a digcussion of ADVERSE REACTIONS. please see Brief Summary of Prescribing Information 
on the last page of this advertisement.  * E ! 
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aw |randate Injection can be administered as repeated IV injections, or 
by continuous infusion 

ay After initial dosing, further blood pressure reductions can be 
achieved with additional injections or by slow continuous infusion 

aar Discontinue Trandate Injection when blood pressure goal is 
achieved—when supine blood pressure has begun to rise, oral 
therapy may be initiated 

aur Patients should be kept in the supine position during IV drug 
administration. See DOSAGE AND ADMINISTRATION section 
of Prescribing Information before initiating therapy 


For a discussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the last page of this advertisement 


References: 1. Wallin JD, O'Neill WM Jr: Labetalol, current research and therapeutic status. Arch Intern Med 1983: 
143:485-490. 2. MacCarthy EP Bloomfield S: Labetalol: a review of its pharmacology, pharmacokinetics, clinical uses and 
adverse effects. Pharmacotherapy 1983;3(4): 193-219 
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TRANDATE® Inj ection 
(labetalol hydrochloride) 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: TRANDATE® (labetalol HC!) Injection is indicated for control of blood 
pressure in severe hypertension. 

CONTRAINDICATIONS: TRANDATE® Injection is contraindicated in bronchial asthma, overt cardiac 
failure, greater than first degree heart block, cardiogenic shock, and severe bradycardia (see 
WARNINGS). 

WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure. Beta blockade carries a potential hazard of further depressing my- 
ocardial contractility and precipitating more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with 
a history of heart failure who are well-compensated. Congestive heart failure has been observed in 
patients receiving labetalol HCl. Labetalol HC! does not abolish the inotropic action of digitalis on 
heart muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, 
continued depression of the myocardium with beta-blocking agents over a period of time can in some 
cases lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should 
be fully digitalized and/or be given a diuretic, and the response observed closely. If cardiac failure 
continues, despite adequate digitilization and diuretic, TRANDATE* therapy should be withdrawn 
(gradually, if possible]. 

Ischemic Heart Disease: Angina pectoris has not been reported upon labetalol HC! discontinua- 
tion. However, following abrupt cessation of therapy with some beta-blocking agents in patients with 
coronary artery disease, exacerbations of angina pectoris and, in some cases, myocardial infarction 
have been reported. Therefore, such patients should be cautioned against interruption of therapy 
without the physician's advice. Even in the absence of overt angina pectoris, when discontinuation of 
TRANDATE is planned, the patient should be carefully observed and should be advised to limit phys- 
ical activity. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE admin- 
istration should be reinstituted promptly, at least temporarily, and other measures appropriate for the 
management of unstable angina should be taken. 

Nonallergic Bronchospasm (eg, chronic bronchitis and emphysema): Since TRANDATE In- 
jection at the usual intravenous therapeutic doses has not been studied in patients with nonallergic 
bronchospastic disease, it should not be used in such patients. 

Pheochromocytoma: Intravenous labetalol HCI has been shown to be effective in lowering the 
blood pressure and relieving symptoms in patients with pheochromocytoma; higher than usual doses 
may be required. However, paradoxical hypertensive responses have been reported in a few patients 
with this tumor; therefore, use caution when administering labetalol HCI to patients with 
pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 


” with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; 


it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major 
surgery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic ac- 
tivity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug 
Interactions). 

Rapid Decreases of Blood Pressure: Caution must be observed when reducing severely elevated 
blood pressure. Although such findings have not been reported with intravenous labetalol HCI, a num- 
ber of adverse reactions, including cerebral infarction, optic nerve infarction, angina and ischemic 
changes in the electrocardiogram, have been reported with other agents when severely elevated blood 
pressure was reduced over time courses of several hours to as long as ! or 2 days. The desired blood 
pressure lowering should therefore be achieved over as long a period of time as is compatible with 
the patient's status. 

PRECAUTIONS: General: /mpaired hepatic function may diminish metabolism of TRANDATE* 
Injection. 

Hypotension: Symptomatic postural hypotension (incidence 58%) is likely to occur if patients are 
tilted or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. 
Therefore, the patient's ability to tolerate an upright position should be established before permitting 
any ambulation. 

Jaundice or Hepatic Dysfunction: On rare occasions, oral labetalol HC! has been associated 
with jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with labetalol 
HCI be stopped immediately should a patient develop jaundice or laboratory evidence of liver injury. 
Both have been shown to be reversible on stopping therapy. 

Information for Patients: The following information is intended to aid in the safe and effective use 


- of this medication. It is not a disclosure of all possible adverse or intended effects. During and im- 


mediately following (for up to 3 hours) TRANDATE Injection, the patient should remain supine. Sub- 
sequently, the patient should be advised on how to proceed gradually to become ambulatory, and 
should be observed at the time of first ambulation. 

When the patient is started on TRANDATE Tablets, following adequate control of blood pressure 
with TRANDATE Injection, appropriate directions for titration of dosage should be provided (see DOS- 
AGE AND ADMINISTRATION). 

As with all drugs with beta-blocking activity, certain advice to patients being treated with labetalol 

HCI is warranted: While no incident of the abrupt withdrawal phenomenon (exacerbation of angina 
pectoris) has been reported with labetalol HCI, dosing with TRANDATE Tablets should not be inter- 
rupted or discontinued without a physician's advice. Patients being treated with TRANDATE Tablets 
should consult a physician at any sign of impending cardiac failure. Also transient scalp tingling may 
occur, usually when treatment with TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 
Laboratory Tests: Routine laboratory tests are ordinarily not required before or after intravenous 
labetalol HCI. In patients with concomitant illnesses, such as impaired renal function, appropriate 
tests should be done to monitor these conditions. 
Drug Interactions: Since TRANDATE (labetalol HCI) Injection may be administered to patients al- 
ready being treated with other medications, including other antihypertensive agents, careful monitor- 
ing of these patients is necessary to detect and treat promptly any undesired effect from concomitant 
administration. 

In one survey, 2.3% of patients taking labetalol HCI orally in combination with tricyclic antidepres- 
sants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. The con- 
tribution of each of the treatments to this adverse reaction is unknown, but the possibility of a drug 
interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor ag- 
onist drugs in patients with bronchospasm; therefore, doses greater than the normal anti-asthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI administered orally. 
Since this could be explained either by enhanced absorption or by an alteration of hepatic metabolism 
of labetalol HCI, special care should be used in establishing the dose required for blood pressure con- 
trol in such patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labeta- 
lol HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, 
high concentrations (396 or above) of halothane should not be used because the degree of hypotension 
will be increased and because of the possibility of a large reduction in cardiac output and an increase 
in INIMA pressure. The anesthesiologist should be informed when a patient is receiving la- 
betalol HCI 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 


A nece 
datifi perte effects may occur. 
Drug/Laboratory Test interactions: The presence of a metabolite of labetalol i in the urine may 
result in falsely increased levels of urinary catecholamines when measured by a nonspecific trihy- 
droxyindole (THI) reaction. In screening patients suspected of having a pheochromocytoma and being 
treated with labetalol HCI, specific radioenzymatic or high performance liquid chromatography assay 
techniques should be used to determine levels of catecholamines or their metabolites. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with la- 
betalol HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. Stud- 
ies with labetalol HCI, using dominant lethal assays in rats and mice, and exposing microorganisms 
according to modified Ames tests, showed no evidence of mutagenesis. 
Pregnancy Category C: Teratogenic studies have been performed with labetalol in rats and rabbits at 
oral doses up to approximately 6 and 4 times the MRHD, respectively. No reproducible evidence of fetal 
malformations was observed. Increased fetal resorptions were seen in both species at doses approx- 
imating the MRHD. There are no adequate and well-controlled studies in pregnant women. Labetalol 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Nonteratogenic Effects: Infants of mothers who were treated with labetalol HC! for hypertension 
during pregnancy did not appear to be adversely affected by the drug. Oral administration of labetalol 
to rats during late gestation through weaning at doses of 2 to 4 times the MRHD caused a decrease 
in neonatal survival. 
Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not appear to 
affect the usual course of labor and delivery. 
Nursing Mothers: Small amounts of labetalol (approximately 0.00496 of the maternal dose) are ex- 
creted in human milk. Caution should be exercised when TRANDATE® (labetalol HCI) Injection is ad- 
ministered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: TRANDATE® Injection is usually well tolerated. Most adverse effects have 
been mild and transient and, in controlled trials involving 92 patients, did not require labetalol HCI 
withdrawal. Symptomatic postural hypotension (incidence 5896) is likely to occur if patients are tilted 
or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. Moderate 
hypotension occurred in 1 of 100 patients while supine. Increased sweating was noted in 4 of 100 pa- 
tients, and flushing occurred in 1 of 100 patients. 

The following also were reported with TRANDATE Injection with the incidence per 100 patients as 
noted: 

Cardiovascular System: Ventricular arrhythmia in 1. 

Central and Peripheral Nervous Systems: Dizziness in 9; tingling of the scalp/skin in 7; hy- 
poesthesia (numbness) and vertigo in 1 each. 


Gastrointestinal System: Nausea in 13; vomiting in 4; dyspepsia and taste distortion in 1 each. 


Metabolic Disorders: Transient increases in blood urea nitrogen and serum creatinine levels oc- 
curred in 8 of 100 patients; these were associated with drops in blood pressure, generally in patients 
with prior renal insufficiency. 

Psychiatric Disorders: Somnolence/yawning in 3. 

Respiratory System: Wheezing in 1. 

Skin: Pruritus in 1. 

The incidence of adverse reactions depends upon the dose of labetalol HCI. The largest experience 
is with oral labetalol HC! (see TRANDATE Tablet Product Information for details.) Certain of the side 
effects increased with increasing oral dose as shown in the table below which depicts the entire U.S. 
therapeutic trials data base for adverse reactions that are probably or possibly dose-related. 


Labetalol HCI 


Daily Dose (mg) 200 300 400 600 800 900 1200 1600 2400 
Number of Patients 522 181 606 608 503 117 +411 242 175 
Dizziness (%) 2 3 3 3 5 1 9 13 16 
Fatigue 2 1 4 4 5 3 7 6 10 
Nausea «]1 0 1 2 4 0 7 11 19 
Vomiting 0 Ü «1 «1 < 0 1 2 3 
Dyspepsia 1 0 2 1 1 0 2 2 4 
Paresthesias 2 0 2 2 1 1 2 5 5 
Nasal Stuffiness 1 1 2 2 2 2 4 5 6 
Ejaculation Failure 0 2 1 2 3 0 4 3 5 
Impotence 1 1 1 1 2 4 3 4 3 
Edema 1 0 1 1 1 0 1 2 2 


The oculomucocutaneous syndrome associated with the beta-blocker practolol has not been re- 

ported with labetalol HCI during investigational use and extensive foreign marketing experience. 
Clinical Laboratory Tests: Among patients dosed with TRANDATE Tablets, there have been re- 
versible increases of serum transaminases in 4% of patients tested and, more rarely, reversible in- 
creases in blood urea. 
OVERDOSAGE: Overdosage with TRANDATE® Injection causes excessive hypotension which is pos- 
ture sensitive and, sometimes, excessive bradycardia. Patients should be laid supine and their legs 
raised if necessary to improve the blood supply to the brain. The following additional measures should 
be employed if necessary: Excessive bradycardia—administer atropine (3.0 mg). If there is no re- 
sponse to vagal blockade, administer isoproterenol cautiously. Cardiac failure—administer a digi- 
talis glycoside and a diuretic. Hypotension—administer vasopressors, eg, norepinephrine. There is 
pharmacological evidence that norepinephrine may be the drug of choice. Bronchospasm—admin- 
ister a beta;-stimulating agent and/or a theophylline preparation. 

If overdosage with labetalol HCI follows oral ingestion, gastric lavage or pharmacologically induced 
emesis (using syrup of ipecac) is useful for removal of the drug shortly after ingestion. Labetalol HCI 
can be removed from the general circulation by hemodialysis. 

The oral LDss value of labetalol HCl in the mouse is approximately 600 mg/kg and in the rat is 
greater than 2 g/kg. The intravenous LDso in these species is 50 to 60 mg/kg. 

DOSAGE AND ADMINISTRATION: Initiation of Dosing with TRANDATE Tablets: Subsequent 
oral dosing with TRANDATE Tablets should begin when it has been established that the supine dia- 
stolic blood pressure has begun to rise. The recommended initial dose is 200 mg, followed in 6-12 
hours by an additional dose of 200 mg or 400 mg, depending on the blood pressure response. There- 
after, inpatient titration with TRANDATE Tablets may proceed as follows: 

Inpatient Titration Instructions 


Regimen Daily Dose* 
200 mg bid 400 mg 
400 mg bid 800 mg 
800 mg bid 1600 mg 

1200 mg bid 2400 mg 


“If needed, the total daily dose may be given in three divided doses. 

While in the hospital, the dosage of TRANDATE (labetalol HC!) Tablets may be increased at one-day 
intervals to achieve the desired blood pressure reduction. 

For subsequent outpatient titration or maintenance dosing see TRANDATE Tablets Product Infor- 
mation DOSAGE AND ADMINISTRATION for additional recommendations. 
HOW SUPPLIED: TRANDATE® Injection, 5 mg/ml, is supplied in 20 ml (100 mg) ampules, box of 1 
(NDC 0173-0350-59). 
Store between 2° and 30° C (36° and 86° F.) Do not freeze. 
Manufactured for Glaxo Inc. Research Triangle Park, NC 27709 
by Schering Pharmaceutical Corporation (PR), Manati, PR 00701 
€ Copyright 1984, Glaxo Inc. All rights reserved. 
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Medical Graphics 


System 2001 cardiodynamic 


Imaging provides — 
more, for comprehensive 
stress testing. 


Stress testing is revolutionized with the CAD/Net™ 
Exercise Stress Testing System 2001 for non-invasive 
assessment of cardiac function. Real-time cardiodynamic 
imaging provides more clinically useful information 
about functional capacity and cardiac function than 
conventional stress testing methods. 

Use the System 2001 simultaneously with your 
existing EKG and treadmill or cycle ergometer for: 

IW Early detection of coronary atherosclerosis, valvular 
and/or congestive heart disease ( functional class 
impairment ) 

@ Cardiac rehabilitation of CAB or PTCA patients 

( assessment of functional class improvement and patient 
prognosis ) 

@ Evaluation of exercise effects of various pharmaco- 
logic agents for treatment of hypertension, congestive 
heart failure, coronary artery disease, arrhythmias, etc. 


W Differentiation of cardiac versus pulmonary induced 
dyspnea and angina during exercise 
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Non-invasive direct | 
correlate of à 
cardiac output 


Oxygen pulse 


Cardiodynamic Image ™ 


Patient Case: 56 year old with CHE Note severe functional impairment upon 
limited exertion ( class C ), as indicated by a significantly depressed V02 and 
02 pulse with compensatory HR increase. 


Convenient, clinically applicable. 

The automated System 2001 conducts the stress 
test protocol allowing physician/patient interaction. 
Real-time test results are immediately available on the 
cardiodynamic image screen in an easy to interpret 
graphic format. And, they can be stored for comparison 
with subsequent patient follow-up tests. The System 2001 
saves both time and money. 


The System 2001—a revolution 
In exercise testing. 
For more information on how to maximize clinically 


useful data and make every stress test count, call us 
toll-free at 1-800-328-4138 or, return the coupon below. 


=: Medical Graphics Corporation 


501 West County Road E 
Saint Paul, MN 55126 


information £ Exercise seminar dates and papers on the clinical 


application of this system in cardiology 
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Auscultation, M-Mode Echocardiography and Pulsed Doppler Echocardiography Compared with Angiography 
for Diagnosis of Chronic Aortic Regurgitation 


DAVID G. MEYERS, TERRY S. OLSON, and DALE A. HANSEN 


Left Atrial Mobile Thrombus in Hypertrophic Cardiomyopathy 


MAREOMI HAMADA, WATARU MATSUBARA, NAOAKI TOMITA, YUSUKE MIYAUCHI, and 
TATSUO KOKUBU 


Acute Left Ventricular Dysfunction and Thrombosis Following Natural Gas Poisoning 
RAYMOND P. KELLY and DWAIN A. OWENSBY 


Massive Endocardial Calcification Associated with Endomyocardial Fibrosis 
MARIA LENGYEL, ATTILA ARVAY, and IMRE PALIK 


Effect of Intense Aerobic Training on Exercise Performance in Children After Surgical Repair of Tetralogy of 
Fallot or Complete Transposition of the Great Arteries 


LINDA M. BRADLEY, FRANK M. GALIOTO, Jr., PAUL VACCARO, DENISE A. HANSEN, and 
JANE VACCARO 


Coarctation of the Aorta Inherited as an Autosomal Dominant Trait 
ROBERT H. BEEKMAN and MEINHARD ROBINOW 


Two-Dimensional Echocardiographic Diagnosis of Total Anomalous Pulmonary Venous Connection Below 
the Diaphragm 
PUI-KAN LIAO, WEN-JEN SU, and JUI-SUNG HUNG 


Computerized Tomography and Ultrasound in the Noninvasive Evaluation of Coarctation of the Aorta 


MARIA GRAZIA MODENA, ALBERTO BENASSI, GIORGIO MATTIOLI, NOVELLA GUICCIARDI, 
RENATO ROMAGNOLI, and GIANCARLO CANOSSI 


Arrhythmias and Left Ventricular Function in Chronic Alcoholics with Alcoholic Cirrhosis 


ROBERTO S. GRIBALDO, GIULIA S. POMINI, FILOMENA SALE, GIOVANNI MOLFESE, 
LEOPOLDO COSTA, PAOLO MAGLIO, and GIORGIO BOZZA 


Left Ventricular Thrombi in Association with Normal Left Ventricular Wall Motion in Patients with Malignancy 
THOMAS S. DeGROAT, R. PARAMESWARAN, PAUL M. POPPER, and MORRIS N. KOTLER 


Benign Intracardiac Thyroid Mass Causing Right Ventricular Outflow Tract Obstruction 
RICHARD J. SHEMIN, JAMES D. MARSH, and FREDERICK J. SCHOEN 


Nonsurgical Treatment of the Superior Vena Cava Syndrome 


JAMES H. MONTGOMERY, VINCENT J. D'SOUZA, RAYMOND B. DYER, AUGUSTIN G. FORMANEK, 
and SUDHAKAR H. PRABHU 


Diagnosis of Cardiac Tumors in Infants by Magnetic Resonance Imaging 


ROBERT A. BOXER, MICHAEL A. LaCORTE, SHARANJEET SINGH, JAMES SHAPIRO, 
MILES SCHILLER, MITCHELL GOLDMAN, and HARRY L. STEIN 


Cardiac Hydatid Cyst Simulating Tricuspid Stenosis 
QETIN EROL, ISFENDIYAR CANDAN, HAKKI AKALIN, AHMET SONEL, and CELAL KERVANCIOGLU 
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but still a prisoner 
of angina 











Wh n nitrates alone 
are not enough 


^ad Calan 7275. 
(verapamil HCl) @ 


Calan plus nitrates: 
Unique hemodynamic benefits 


@ increased myocardial oxygen supply — 
prevents vasoconstriction both in large 
coronary arteries and in coronary arterioles 















€ reduced myocardial oxygen demand due to 
—a reduction in peripheral vascular 
resistance (afterload) 
—a decrease in venous return (preload) 
—a modest decrease in contractility 





“It makes sense to treat those patients [with 
chronic stable angina]... [with] an agent 
that has a beneficial effect on both oxygen 
demand and supply, rather than a beta 
blocker which attacks just one side of 

that ratio.” 





Calan plus nitrates: 
Efficacy for all types 
of angina 


"...a combination of rate-lowering vasodilator 
(verapamil...) and long-acting nitrates...is very 
efficacious in patients with variant angina, angina 
of effort, and unstable angina at rest." 
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improvement in exercise tolerance?” 





@ clinically significant improve- — 
ment in exercise tolerance 


Sw @ clinically significant reduc- k 
mda RU EN tion in the number of attacks 3 
Pepini Dose=36 mg/day and the need for sublingual D 

/ pum. gei ?- on nitroglycerin 3 
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_ Calan safety: : 
Favorable side-effects profile 


With Calan, side effects such 
as fatigue, mental depression, 
impotence or bradycardia (heart 
rate less than 50 beats/min) E. 
seldom occur. E 
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In one study involving 63 
patients “verapamil therapy was 
not discontinued in any patient 
because of the development of | 
adverse reactions." g 








' TABLETS ; 


Cala | 80 mg and 120 mg 
(verapamil HCI) | 
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1. Hillis, D., in Hillis, D. (Moderator); Frishman, W.; Leon, M.; Packer, M.; Robertson, R. M.; Subramanian, B., and Winniford, M. (Discussants): The Expanding Role of Calcium 4 
Channel Blockers, 1984. 2. Subramanian, B., and others: Long-Term Antianginal Action of Verapamil Assessed with Quantitated Serial Treadmill Stress Testing, Am. J. Cardiol. d 
48: 529-535 (Sept.) 1981. 3. Subramanian, B.: Long-Term Therapy of Angina with Calcium Antagonists, Cardiovasc. Rev. Rep. 4:493-497 (April) 1983. 4. Leon, M.B.: Combination Therapy 

Using Calcium-Channel Blockers and Beta Blockers in Patients with Chronic Stable Angina Pectoris, Cardiovasc. Rev. Rep. 4:171-177 (Feb.) 1983. 5. Subramanian, V. B., and others: Rationale 
for the Choice of Calcium Antagonists in Chronic Stable Angina: An Objective Double-Blind Placebo-Controlled Comparison of Nifedipine and Verapamil, Am. J. Cardiol. 50:1173-1179 (Nov.) 
1982. 6. Weiner, D. A., and others: Efficacy and Safety of Verapamil in Patients With Angina Pectoris After 1 Year of Continuous, High-Dose Therapy, Am. J. Cardiol. 57:1251-1255 (May 1) 1983. 
7. Frishman, W. H., and others: Superiority of Verapamil to Propranolol in Stable Angina Pectoris: A Double-blind, Randomized Crossover Trial, Circulation 65 (Suppl. 1):51-59 (Jan.) 1982. 

8. Scheidt, S., and others: Long-Term Effectiveness of Verapamil in Stable and Unstable Angina Pectoris: One-Year Follow-Up of Patients Treated in Placebo-Controlled Double-Blind 
Randomized Clinical Trials, Am. J. Cardiol. 50: 1185-1190 (Nov.) 1982. 9. Bowles, M. J., and others: Double-blind Randomized Crossover Trial of Verapamil and Propranolol in Chronic Stable 
Angina, Am. Heart J. 106:1297-1306 (Dec.) 1983. 10. Product Labeling. 
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TABLETS 


80 mg and 120 mg 


. Cala 
(verapamil HCI) 


Contraindications: Severe left ventricular dysfunction (see Warn- 
ings), hypotension (systolic pressure<90 mm Hg) or cardiogenic 
Shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 
3rd-degree AV block. 

Warnings: Verapamil should be avoided in patients with severe 
left ventricular dysfunction (eg, ejection fraction<30%) or mod- 
erate to severe symptoms of cardiac failure. Control milder heart 
failure with optimum digitalization and/or diuretics before Calan 
is used. Calan may occasionally produce hypotension, usually 
asymptomatic, orthostatic, mild, and controlled by decrease in 
Calan dose. Elevations of liver enzymes have been reported. Four 
cases have been demonstrated to be produced by verapamil, Pe- 
riodic monitoring of liver function in patients on verapamil is pru- 
dent. Patients with atrial flutter/fibrillation and an accessory AV 
pathway (eg, WPW or LGL syndromes) may develop a very rapid 
ventricular response after receiving verapamil (or digitalis). Treat- 
ment is usually DC-cardioversion. AV block may occur (3rd-de- 
gree, 0.8%). Development of marked 1st-degree block or progres- 
sion to 2nd- or 3rd-degree block requires reduction in dosage or, 
rarely, discontinuation and institution of appropriate therapy. Si- 
nus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary 
edema and/or severe hypotension were seen in some critically ill 
patients with hypertrophic cardiomyopathy who were treated with 
verapamil. 

Precautions: Verapamil should be given cautiously to patients with 
impaired hepatic function (in severe dysfunction use about 30% 
of the normal dose) or impaired renal function, and patients should 
be monitored for abnormal prolongation of the PR interval or other 
signs of overdosage. Verapamil may decrease neuromuscular 
transmission in patients with Duchenne's muscular dystrophy and 
may prolong recovery from the neuromuscular blocking agent 
vecuronium. It may be necessary to decrease verapamil dosage 
in patients with attenuated neuromuscular transmission. Studies 
in a small number of patients suggest that concomitant use of 
Calan and beta-blockers may be beneficial in patients with chronic 
stable angina. Combined therapy can also have adverse effects 
on cardiac function. Therefore, until further studies are complet- 
ed, verapamil should be used alone if possible. If combined ther- 
apy is used, patients should be monitored closely. Combined ther- 
apy with verapamil and propranolol should usually be avoided in 
patients with AV conduction abnormalities and/or depressed left 
ventricular function or in patients who have also recently received 
methyldopa. Chronic verapamil treatment increases serum digox- 
in levels by 50% to 70% during the first week of therapy, which 
can result in digitalis toxicity. The digoxin dose should be reduced 
when verapamil is given, and the patient carefully monitored. Ve- 
rapamil may have an additive hypotensive effect in patients re- 
ceiving blood-pressure-lowering agents. Disopyramide should not 
be given within 48 hours before or 24 hours after verapamil admin- 
istration. Until further data are obtained, combined verapamil and 
quinidine therapy in patients with hypertrophic cardiomyopathy 
Should probably be avoided, since significant hypotension may 
result. Concomitant use of inhalation anesthetics and calcium an- 
tagonists needs careful titration to avoid excessive cardiovascu- 
lar depression. Verapamil may potentiate the activity of neuro- 
muscular blocking agents (curare-like and depolarizing); dosage 
reduction may be required. Adequate animal carcinogenicity stud- 
ies have not been performed. One study in rats did not suggest a 
tumorigenic potential, and verapamil was not mutagenic in the 
Ames test. Pregnancy Category C. There are no adequate and 
well-controlled studies in pregnant women. This drug should be 
used during pregnancy, labor, and delivery only if clearly needed. 
itis not known whether verapamil is excreted in breast milk; there- 
fore, nursing should be discontinued during verapamil use. 
Adverse Reactions: Hypotension (2.9%), peripheral edema (1.7%), 
AV block: 3rd-degree (0.8%), bradycardia: HR<50/min (1.1%), CHF 
or pulmonary edema (0.9%), dizziness (3.6%), headache (1.8%), 
fatigue (1.1%), constipation (6.3%), nausea (1.6%); elevations of 
liver enzymes have been reported (see Warnings). The following 
reactions, reported in less than 0.5% of patients, occurred under 
circumstances where a causal relationship is not certain: confu- 
sion, paresthesia, insomnia, somnolence, equilibrium disorders, 
blurred vision, syncope, muscle cramps, shakiness, claudication, 
hair loss, macular eruptions, spotty menstruation, ecchymosis, 
bruising, gynecomastia, and psychotic symptoms. Overall contin- 
uation rate was 94.5% in 1,166 patients. 
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Address medical inquiries to: 
G.D. Searle & Co. 


Medical Communications Department 
Box 5110, Chicago, IL 60680 
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is your drug reference? 


If it's not the new 16th edition of 
MODERN DRUG ENCYCLOPEDIA, 
you can't be sure. 

MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 16th Edition 


Arthur J. Lewis, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor 

Charles L. Winek, Ph.D., Contributing Editor 
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The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 
especially for the practitioner who needs complete, objective information 
on prescription drugs. 

An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that's perfectly suited to 
the tight schedule of a time pressed practitioner. 

Some handbooks just reprint manufacturers’ package inserts. They 
don't edit. Just print material manufacturer pays to have included. 


Here's what careful planning does for MODERN DRUG 
ENCYCLOPEDIA: 
e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 
e lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 
e arranges entries by generic name. All brand names in one place. 
e written in concise language for quick comprehension. 
e designed with a ''strong focus”’ layout, easy-to-read type, and bold 
subject headings. 
The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 
the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 


Yorke Medical Books AICKS 
Box C-757 

Brooklyn, NY 11205 

Please send me a copy of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. 
including $1.50 for handling. Yorke pays postage 


be, 


O Enclosed is my check for 
(same return privilege). 
; C Please bill my O Visa |] MasterCard O AMEX 


Eb. dalbana aM = “CONG. 


MC Interbank no. 
L] Please bill me plus postage and handling (U.S. and Canadian orders only). 


(same return privilege) 


i Name 
Address . |. 


City/State/Zip 


l Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All 
i foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please 
add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 
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Now you can have more 
detailed depiction of cardiac 
anatomy ...better tissue 
differentiation. ..improved 
visualization of septal bor- 
ders and blood-filled cham- 
bers...intricate detail of 
valve leaflets...in images 
from the ULTRAMARK*8 
Ultrasound System. Because 
we've created the ultimate 
phased array for cardiac 
imaging. 

ATUs exclusive annular 
phased array with a small 
footprint scanhead incor- 
porates the most desirable 
characteristics of both 
mechanical and traditional 
phased array technology 
while overcoming their 
limitations. It electronically 
phases and focuses a unique 


à 





transducer with 5 concen- 
tric rings to produce the 
thinnest tomographic slice 
in imaging with unparal- 
leled axial and lateral 
resolution. 

The result: higher reso- 
lution images dynamically 
focused in two dimensions 
for visualization of 
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ONE WAY TO 
PHASE AN ARRAY 




























structural detail in cardiac 
anatomy as you've never 
seen it before. 

But don't take our word 
for it—see for yourself. 

Call today to arrange 
for a demonstration— 
800-982-2011; in Washington, 
call collect: (206) 4877067. 








JLTRAMARK 


ULKRASOUND SYSTEM 


Advanced Technology 


Laboratories 


A Squibb Company 
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834  Echocardiographic Detection of Circulating Blood in Normal Canine Hearts 
MIGUEL A. GARCIA-FERNANDEZ, JOSE LOPEZ-SENDON, ISABEL COMA-CANELLA, and JOSE SOTILLO 


AJC 25 YEARS AGO 


837 The AJC in November 1960 
WILLIAM C. ROBERTS 


838 FROM THE EDITOR 
| CME Test on page 760 


INSTRUCTIONS TO AUTHORS on page 820 


CORRECTION 


In the September 1, 1985 issue on page 489 (Simplified Doppler Estimation of Mitral 
Valve Area [S. S. Yang and H. Goldberg]), Figure 2 was incorrectly scaled. The 
correct size appears below and can now be applied to Figure 1 of that report. 
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Puts in a full day’s work 


Transderm-Nitro 


nitroglycerin 


All transdermal nitroglycerin products are being marketed pending final evaluation of 
effectiveness by the FDA. (See Brief Summary of Prescribing Information on the following page.) 


On the job round the clock 





C TB A 


© 1985, CIBA. 
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nitroglycerin 
Transdermal Therapeutic System 


Brief Summary (For Full Prescribing 
Information, See Package Insert) 


INDICATIONS AND USAGE 

This drug product has been conditionally approved by the 
FDA for the prevention and treatment of angina pectoris due 
to coronary artery disease. The conditional approval reflects 


a determination that the drug may be marketed while further 
oe of its effectiveness is undertaken. A final evalu- 


ation of the effectiveness of the product will be announced by 
the FDA. 





CONTRAINDICATIONS 
Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure 


WARNINGS 

In patients with acute myocardial infarction or congestive heart 
failure, Transderm-Nitro system should be used under careful 
clinical and/or hemodynamic monitoring. 

In terminating treatment of eA y: patients, both the dosage and 
frequency of application must be gradually reduced over a period 
of 4 to 6 weeks to Kew sudden withdrawal reactions, which are 
characteristic of all vasodilators in the nitroglycerin class. 
Transdermal nitroglycerin systems should be removed before at- 
tempting defibrillation or cardioversion because of the potential 
for altered electrical conductivity which may enhance the possi- 
bility of arcing, a phenomenon associated with the use of 
defibrillators. 


PRECAUTIONS 

Symptoms of hypotension, such as faintness, weakness or dizzi- 
ness, particularly orthostatic hypotension may be due to overdos- 
age. When these symptoms occur, the dosage should be reduced 
or use of the product discontinued. 

Transderm-Nitro system is not intended for immediate relief of 
anginal attacks. For this purpose occasional use of the sublingual 
preparations may be necessary. 


ADVERSE REACTIONS 

Transient headaches are the most common side effect, especially 
when higher doses of the drug are used. These headaches should 
be treated with mild analgesics while Transderm-Nitro therapy is 
continued. When such headaches are unresponsive to treatment, 
the nitroglycerin dosage should be reduced or use of the product 
discontinued. 

Adverse reactions reported less frequently include hypotension, 
increased heart rate, faintness, flushing, dizziness, nausea, 
vomiting, and dermatitis. These symptoms are attributable to the 
known pharmacologic effects of nitroglycerin, but may be symp- 
toms of overdosage. When they persist the dose should be re- 
duced or use of the product discontinued. 


DOSAGE AND ADMINISTRATION 

Therapy should be initiated with application of one Transderm- 
Nitro 5 system to the desired area of skin. Many patients prefer 
the chest; if hair is likely to interfere with system adhesion or 
removal, it can be clipped prior to placement of the system. Each 
System is designed to remain in place for 24 hours, and each 
successive application should be to a different skin area 
Transderm-Nitro system should not be applied to the distal parts 
of the extremities. 

The usual dosage is one Transderm-Nitro 5 sje every 24 
hours. Some patients, however, may require the Transderm-Nitro 
10 system. If a single Transderm-Nitro 5 system fails to provide 
adequate clinical response, the patient should be instructed to 
remove it and apply either two Transderm-Nitro 5 systems or one 
Transderm-Nitro 10 system. More systems may be added as indi- 
cated by continued careful pape of clinical response. The 
Transderm-Nitro 2.5 system is useful principally for decreasing 
the dosage gradually, though it may provide adequate therapy for 
Some patients when used alone. 

The optimal dosage should be selected based upon the clinical 
response, side effects, and the effects of therapy upon blood 
pressure. The greatest attainable decrease in resin blood pres- 
Sure that is not associated with clinical symptoms of hypotension 
especially during orthostasis indicates the optimal n To de- 
crease adverse reactions, the size and/or number of systems 
Should be tailored to the individual patient's needs. 

Do not store above 86°F (30°C) 


PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems 


HOW SUPPLIED 
Transderm-Nitro Tota! 
System Rated ^ Nitroglycerin System Carton 


Release in vivo — in System Size Size 

0000 m cul oscm tani o uu d PROP PCR SI 

2.5 mg/24 hr 12.5 mg 5cm2 . 30Systems (NDC 0083-2025-26) 
*100 Systems (NDC 0083-2025-30) 

5 mg/24 hr 25 mg 10cm? 30 Systems (NDC 0083-2105-26) 
*100 Systems (NDC 0083-2105-30) 

10 mg/24 hr 50 mg 20cm? . 30Systems (NDC 0083-2110-26] 
*100 Sysiems (NDC 0083-2110-30) 

15 mg/24 hr 75 mg 30cm? 30Systems (NDC 0083-21 15-26) 


*100 Systems (NDC 0083-21 15-30) 
*" Hospital Pack 100's 


Printed in U.S.A. C85-24 (Rev. 4/85) 


Dist. a 

CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
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A "how-to-do-it" text/atlas presenting the | 
broadest range of normal and abnormal 
2-dimensional echocardiograms 


Atlas of 
2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD j 


[s 


Foreword by David H. Spodick, MD, DSc 
Professor of Medicine, University of Massachusetts Medica 
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ISBN 0-914316-35,4, 198pp., illus., large format 
8'4 x 12, March '83, $69.00 


2-dimensional echocardiography comple 
* i, LETE. 
mented by M-mode echocardiography has of Contents 


become one of the most common nonin- 





Foreword mitral stenosis in 
vdsive Giagnostic tools used by the cardiolo- 
= ‘ oa, i Preface 2-dimensional 
-+ \ rv) iF ^"atimxm At tho AT A ~$ 
gist. With publication of the ATLAS of echocardiography 
2-DIMENSIONAL ECHOCARDIOGRAPHY. Prologue Longitudinal plane, long 
neophyte and expert alike now have Introduction axis of the left ventricle 
available to them the most truly usable EQUIPMENT M pne, 
WAS Qe ARS PRICE UR E pA THE ECHOCARDIO- TC P 
didactic presentation of the subject eve GRAPHIC Direction of future 
published EXAMINATION investigations 
A true at this book provide i| Parasternal position Mitral regurgitation 
Lu uc dl as e! 23 QA K b AVN JES - arge A itudihal plane Tricuspid valve 
8/4 x12 format 251 black and white half TRES tna Aortic valve and aortic 
tones, 152 line drawings and 6 charts wh Ágical position Si ! 
ustrate in exacting detail how to pertorn Hemiaxial plane RET 
» Intracardiac masses and 
and interpret Z-dimensional echocardic Axial plane 


tumors 


Subxiphoid position 
MOXIPNOIG posi Pericardial effusion 


grams on patients with existing and/or 
= Transvascular plane 


suspected heart disease. The lucid accom Transcardiac plane Ischemic heart disease 
"boe uS $ "db elaine LORS ongenital heart disea 
panying text leads the reader step-by ster Suprasternal position Cong eart disease 


Cardiomyopathies 


through the entire process, leaving little to Longitudinal plane S/sremic a 
the imagination. It presents in the most sim Jranteonee plane hypertension 

© Final recommendations 
pie, direct way possible the broadest range for the beginning MISCELLANEOUS 
of normal and abnormal 2-dimensiona technician Valvular prostheses 
echocardiograms. The descriptions and Special Controls iei erus kn 
detailed illustrations in its technical sections Fea sire i accipi cations 
will ensure the superior level of perform DISEASES catheters 
ance of echocardiographic techniques that iS Mitral stenosis Bibliographic references 
a Sine qua non for good results Characteristics of the mos 
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Yorke Medical Books All books sent on 30 day approval 
Box C-757, Brooklyn, New York 11205 
Please send me Atlas of 2-Dimensional Echocardiography 0003!) 569.0 
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Quinton Q3000B Stress 
Test System 


' An affordable stress test system no 


longer means settling for second best. 


. Not if your choice is Quinton’s new 

. Q3000B System—featuring our 
Q3000B Monitor and Corival 400 
Ergometer. 


Now the sophistication you require 
can be yours without the high price 
tag. Only Quinton Instrument 
Company offers you state-of-the-art 
stress test equipment with advanced 
features such as ASVV, signal 
averaging, and programmability at a 
"little system" price. That's not 
surprising—we were pioneers in the 
j stress testing field, and we have 


worked very hard to provide only top 
quality equipment you know you can 


rely on. That's why we remain the 
world leader in stress systems. 


The Q3000B may be just the system 
. you need, particularly if you have 
- limited work area available or if you 
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are testing patients with physical 
limitations that preclude using 
treadmill testing. 


Some people, such as geriatric 
patients with low cardiopulmo- 
nary or muscular reserve, may 
be unable to walk or run on a 


treadmill. 


The initial workload can be set 
low on the bicycle ergometer 
and can be increased in small, 
precise increments. 


It is easier to identify and 
prescribe a precise, very low 
exercise program for physically 
impaired patients. 


The bicycle ergometer is often 
preferred for pediatric 
cardiology. 

The Q3000B System is less 
expensive and requires less floor 


space than an equivalent 
treadmill-based system. 


EE OOCR 
AT A “LITTLE SYSTEM” PRICE 





Discover just how much your dollar can 
buy. We invite you to learn more about 
our stress test systems. Then compare and 
you will know why Quinton stress testing 
systems are unequalled when it comes to 
features and value. For more information, 
please contact: 


Quinton 


instrument co. 


2121 Terry Avenue; Seattle, WA 98121-2791 
Telex 3794094 QUINTON 

In USA, call toll free: 

Domestic Sales 800/426-0347 

Int'l. Sales 800/426-0337 

In Washington, Alaska and Canada 


call 206/223-7373. 
An A-H-ROBINS Company 


Regional Directors Offices: 

Europe, Middle East, Africa and India: 

A.H. Robins, Medical Instrument Division 

Mountcliff House, 154 Brent Street, 

London NW4 1BE, England Telephone: (1) 202-3527, 
Telex: 946 240 CWEASY G, Quote 19007060 

Far East, Australia and New Zealand: 

A.H. Robins, Medical Instrument Division 

Suite 3702, Windsor House; 

311 Gloucester Road, Hong Kong 

Telephone: (5) 762789, Telex: 780 89189 AHRIC HX . 
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Like other antiarrhythmics, tocainide has not been second- or third-degree atrioventricular block in the 
shown to prevent sudden death, and also, like other absence of an artificial ventricular pacemaker. 
antiarrhythmics, it has potentially serious adverse 

effects including the ability to worsen arrhythmias. Agranulocytosis, bone marrow depression, leuko- 
Clinical and electrocardiographic evaluation should penia, hypoplastic anemia, and thrombocytopenia 

be used to periodically assess the need for therapy. have been reported in patients receiving TONOCARD; 


fatalities have occurred. Blood counts are recom- 
TONOCARD® (Tocainide HCl, MSD) is contraindicated mended within the first two to three weeks of therapy y 
in patients who are hypersensitive to this product orto and periodically thereafter. See Prescribing Informa- 
local anesthetics of the amide type and in patients with tion for details. 


For a Brief Summary of Prescribing Information, please see last page of this advertisement. 
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TONOCARD® (Tocainide HC! | MSD) 

Like other antiarrhythmics, tocainide has 
not been shown to prevent sudden death in 
patients with serious ventricular ectopic 
activity, and also, like other antiarrhythmics, 
it has potentially serious adverse effects, 
including the ability to worsen arrhythmias. 
It is therefore essential that each patient 
given tocainide be evaluated electrocardio- 
graphically and clinically prior to, and during, 
tocainide therapy to determine whether the 
response to tocainide supports continued 
treatment. 

CONTRAINDICATIONS 

Patients who are hypersensitive to 
this product or to local anesthetics of 
the amide type. 

Patients with second or third degree atrio- 
ventricular block in the absence of an arti- 
ficial ventricular pacemaker. 


WARNINGS 

Blood Dyscrasias: Agranulocytosis, bone 
marrow depression, leukopenia, hypoplastic 
anemia and thrombocytopenia have been 
reported in patients receiving TONOCARD. 
Many of these events occurred in patients 
who were seriously ill and who were receiving 
concomitant drugs; fatalities have occurred. 
Since most of these events have been noted 
during the first 12 weeks of therapy, it is 
recommended that blood counts, including 
differential and platelet counts, be performed 
at least once within the first two to three 
weeks of therapy; and periodically thereafter, 
particularly within the first three months of 
therapy. Blood counts should be performed 
promptly if the patient develops any signs of 
infection (such as fever, chills, sore throat, or 
stomatitis), bruising, or bleeding. If any of 
these hematologic disorders is identified, 
TONOCARD should be discontinued and 
appropriate treatment should be instituted if 
necessary. Blood counts usually return to 
normal within one month of discontinuation. 
Caution should be used in patients with pre- 
existing marrow failure or cytopenia of any 
type. (See ADVERSE REACTIONS). 

Acceleration of Ventricular Rate: Accelera- 
tion of ventricular rate occurs infrequently 
when antiarrhythmics are administered to 
patients with atrial flutter or fibrillation (see 
ADVERSE REACTIONS). 


PRECAUTIONS 
General 


Pulmonary Fibrosis: Pulmonary fibrosis, 
interstitial pneumonitis, fibrosing alveolitis, 
pulmonary edema, and pneumonia, possibly 
drug related, have been reported in patients 
receiving TONOCARD. Many of these events 
occurred in patients who were seriously ill 
The experiences are usually characterized by 
bilateral infiltrates on x-ray and are frequently 
associated with dyspnea and cough. Fever 
may or may not be present. Patients should 
be instructed to promptly report the develop- 
ment of any pulmonary symptoms such as 
exertional dyspnea, cough or wheezing. Chest 
x-rays are advisable at that time. If these 
pulmonary disorders develop, TONOCARD 
should be discontinued. (See ADVERSE 
REACTIONS). 

In patients with known heart failure or 
minimal cardiac reserve, TONOCARD should 
be used with caution because of the potential 
for aggravating the degree of heart failure. 

Caution should be used in the institution or 
continuation of antiarrhythmic therapy in the 
presence of signs of increasing depression 
of cardiac conductivity. 

In patients with severe liver or kidney dis- 
ease, the rate of drug elimination may be 
significantly decreased (see DOSAGE AND 
ADMINISTRATION). 

Since antiarrhythmic drugs may be ineffec- 
tive in patients with hypokalemia, the pos- 
sibility of a potassium deficit should be 
explored and, if present, the deficit should 
be corrected. 

Like all other oral antiarrhythmics, 
TONOCARD has been reported to increase 
arrhythmias in some patients (see ADVERSE 
REACTIONS). 

Information for Patients 

Patients should be instructed to promptly 
report the development of bruising or bleed- 
ing; any signs of infections such as fever, 
chills, sore throat, or soreness and ulcers in 
the mouth; or any pulmonary symptoms, such 
as exertional dyspnea, cough, or wheezing. 
Laboratory Tests 
As with other antiarrhythmics, abnormal 
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TONOCARD: (Tocainide HC1 | MSD) 
liver function tests, particularly in the early 
stages of therapy, have been reported. 
Periodic monitoring of liver function should 
be considered. Hepatitis and jaundice have 
been reported in some patients. 

Drug Interactions 

Specific interaction studies with digoxin 
and metoprolol have been conducted, no clini- 
cally significant interaction was seen with 
digoxin, but tocainide and metaprolol had 
additive effects on wedge pressure and car- 
diac index. TONOCARD has also been used 
in open studies with digitalis, beta-blocking 
agents, other antiarrhythmic agents, anti- 
coagulants, and diuretics, without evidence of 
clinically significant interactions. Neverthe- 
less, caution should be exercised in the use 
of multiple drug therapy. 

TONOCARD is equally effective in digi- 
talized and non-digitalized patients. In 17 
patients with refractory ventricular arrhyth- 
mias on concomitant therapy, serum digoxin 
levels (1.1 «0.4 ng/mL) remained in the 
expected normal range (0.5-2.5 ng/mL) during 
tocainide administration. 

Pregnancy 

Pregnancy Category C. In a teratogenicity 
study in rabbits, tocainide was administered 
orally at doses of 25, 50, and 100 mg/kg/day 
(about 1 to 4 times the usual human dose). 
No evidence of a drug-related teratogenic 
effect was noted. however, these doses were 
maternotoxic and produced a dose-related 
increase in abortions and stillbirths. In a 
teratogenicity study in rats, an oral dose of 
300 mg/kg/day (about 12 times the usual 
human dose) showed no evidence of treat- 
ment-related fetal malformations, but mater- 
notoxicity and an increase in fetal resorptions 
were noted. An oral dose of 30 mg/kg/day 
(about twice the usual human dose) did not 
produce any adverse effects. 

In reproduction studies in rats at materno- 
toxic oral doses of 200 and 300 mg/kg/day 
(about 8 and 12 times the usual human dose, 
respectively), dystocia, and delayed parturi- 
tion occurred which was accompanied by an 
increase in stillbirths and decreased survival 
in offspring during the first week postpartum. 
Growth and viability of surviving offspring 
were not affected for the remainder of the 
lactation period. 

There are no adequate and well-controlled 
studies in pregnant women. TONOCARD 
should be used during pregnancy only if the 
potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers 

It is not known whether tocainide is secreted 
in human milk. Because many drugs are 
secreted in human milk and because of the 
potential for serious adverse reactions in 
nursing infants from TONOCARD, a decision 
should be made whether to discontinue nurs- 
ing or to discontinue the drug, taking into 
account the importance of the drug to the 
mother. 

Pediatric Use 

Safety and effectiveness in children have 

not been established. 


ADVERSE REACTIONS 

TONOCARD commonly produces minor. 
transient, nervous system and gastrointestinal 
adverse reactions, but is otherwise generally 
well tolerated. TONOCARD has been evalu- 
ated in both short-term (n = 1,358) and long- 
term (n — 262) controlled studies as well as 
a compassionate use program. Dosages were 
lower in most of the controlled studies (1200 
mg/day) and higher in the compassionate use 
program (1800 mg and more). In long-term 
(2-6 months) controlled studies, the most fre- 
quent adverse reactions were lightheaded- 
ness/dizziness (15.3 percent), nausea (14.5 
percent), paresthesia/numbness (9.2 percent). 
and tremor (8.4 percent). These reactions were 
generally mild, transient, dose-related and 
reversible with a reduction in dosage. by 
taking the drug with food, or by therapy dis- 
continuation. Tremor, when present, may be 
useful as a clinical indicator that the maxi- 
mum dose is being approached. Adverse reac- 
tions leading to therapy discontinuation 
occurred in 21 percent of patients in long- 
term controlled trials and were usually related 
to the nervous system or gastrointestinal 
system. 

Adverse reactions occurring in greater than 
one percent of patients from the short-term 
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TONOCARD® (Tocainide HC! | MSD) 
and long-term controlled studies appear in 
the following table 

Percent of Patients 
Controlled Studies 
Short-term Long-term 


(n=1,358) (n=262) 
NERVOUS SYSTEM 
Lightheadedness/ 
dizziness/vertigo/ 
giddiness 8.0 15.3 
Parasthesia/ 
numbness 3.5 9.2 
Tremor/quivering/ 
tremulousness 29 8.4 
Confusion/ 
disorientation/ 
hallucinations 2.1 2.7 
Altered mood/ 
awareness 1.5 3.4 
Restlessness/ 
shakiness/ 
nervousness 1.5 0.4 
Blurred vision/visual 
disturbances 13 1.5 
Discoordination/ 
unsteadiness/ 
walking 
disturbances 1.2 0.0 
Anxiety t.9 1.5 
Tinnitus/hearing loss 0.4 1.5 
Ataxia 0.2 3.0 
Nystagmus 0.0 1:1 
GASTROINTESTINAL SYSTEM 
Nausea 15.2 14.5 
Vomiting 83 4.6 
Anorexia 1.2 1.9 
Diarrhea/loose stools 0.0 3.8 
CARDIOVASCULAR SYSTEM 
Hypotension 3.4 2.7 
Bradycardia 1.8 0.4 
Palpitations 1.8 0.4 
Chest Pain 1.6 04 
Conduction 
disturbances 1.5 0.0 
Left ventricular 
failure 1.4 0.0 
OTHER 
Sweating/coid sweat/ 
night sweats/ 
clammy 5.1 2.3 
Headache 2.1 46 
Tiredness/drowsiness/ 
fatigue/lethargy/ 
lassitude/ 
sleepiness 1.6 0.8 
Hot/colc feelings 0.5 1.5 
Rash/skin lesion 0.4 84 


An additional group of about 2,000 patients 
has been treated in a program allowing for 
the use of TONOCARD under compassionate 
use circumstances. These patients were seri- 
ously ill with the large majority on multiple 
drug therapy. and comparatively high doses 
of TONCCARD were used. Fifty-four percent 
of the patients continued in the program for 
one year or longer, and 12 percent were 
treated for longer than three years, with the 
longest curation of therapy being nine years. 
Adverse reactions leading to therapy discon- 
tinuation occurred in 12 percent of patients 
(usually central nervous system effects or 
rash). A tabulation of adverse reactions 
occurring in one percent or more of patients 
follows: 





Percent of 
Patients 
Compassionate 
Use 
(n= 1,927) 

NERVOUS SYSTEM 
Lightheadedness/dizziness/ 

vertigo/giddiness 25.3 
Tremor/quivering/ 

tremulousness 21.6 
Restlessness/shakiness/ 

nervousness 11.5 
Confusion/disorientation/ 

hallucinations 11.2 
Altered mood/awareness 11.0 
Ataxia 10.8 
Blurred vision/visual 

disturbances 10.0 
Paresthesia/numbness 92 
Nystagmus 1.1 
GASTROINTESTINAL SYSTEM 
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TONOCARD® (Tocainide HC! | MSD) 


Percent of 
Patients 
Compassionate 
Use 
(n= 1,927) 

Anorexia 11.3 
Vomiting 9.0 
Diarrhea/loose stools 6.8 
CARDIOVASCULAR SYSTEM 
Increased ventricular 

arrhythmias/PVCs 10.9 
CHF /progression of CHF 40 
Tachycardia 3.2 
Hypotension 1.8 
Conduction disturbances 1.3 
Bradycardia 1.0 
OTHER 
Rash/skin lesion 12.2 
Sweating/cold sweat/night 

sweats/clammy 8.3 
Arthritis/arthralgia 4.7 
Myalgia T4 
Lupus 1.6 


Adverse reactions occurring in less than 
one percent of patients in eitner the con- 
trolled studies or the compassionate use pro- 
gram or since the drug was marketed are as 
follows: 

Nervous System: Coma, convulsions/sei- 
zures, depression, psychosis, mental change, 
agitation, altered taste/smell, difficulty con- 
centrating. diplopia, dysarthria, impaingd 
memory, increased stuttering/slurred s ^ 
insomia/sleeping disturbance, local anes- 
thesia, nightmares, thirst, weakness, myas- 
thenia gravis. 

Gastrointestinal System: Abnormal liver 
function tests, hepatitis, jaundice, (see PRE- 
CAUTIONS); stomatitis; abdominal pain/dis- 
comfort; constipation; dysphagia; gastroin- 
testinal symptoms (including dyspepsia). 

Cardiovascular System: Ventricular fibril- 
lation, extension of acute myocardial infarc- 
tion, cardiogenic shock, angina, AV block, 
hypertension, increased QRS duration, 
pleurisy/pericarditis, prolonged QT interval, 
right bundle branch block, syncope, vaso- 
vagal episodes, cardiomegaly, sinus arrest. 

Pulmonary System: Respiratory arrest, 
pulmonary edema, pulmonary embolism, pul- 
monary fibrosis, fibrosing alveolitis, interstitial 
pneumonitis, pneumonia, dyspnea. 

Other: Hematologic disorder (agranulocy- 
tosis, bone marrow depression, hypoplastic 
anemia, anemia, leukopenia, thrombocyto- 
penia). increased ANA, urinary retention, 
polyuria/increased diuresis, alopecia, cin- 
chonism, claudication, cold extremities, dry 
mouth, earache, edema, fever, hiccups, itch- 
ing. leg cramps, malaise, metallic/menthol 
taste, muscle twitching/spasm, neck pain, 
pain radiating from neck, pallor/flushed face, 
pressure on shoulder, yawning. 

Agranulocytosis, bone marrow depression, 
leukopenia, hypoplastic anemia, and thrombo- 
cytopenia have been reported (0.18 percent) 
in patients receiving TONOCARD in controlled 
trials and the compassionate use program. 
Many of these events occurred in patients 
who were seriously ill or who were receiv- 
ing concomitant drugs: fatalities have 
occurred. Most of these events have been 
noted during the first 12 weeks of therapy. 
(See WARNINGS) 

Pulmonary fibrosis, interstitial pneumonitis, 
fibrosing alveolitis, pulmonary edema, and 
pneumonia, possibly drug related, have been 
reported in patients receiving TONOCARD. 
The incidence of pulmonary fibrosis (including 
interstitial pneumonitis and fibrosing alveolitis) 
was 0.11 percent in controlled trials and the 
compassionate use program. These events 
usually occurred in seriously ill patients. 
Symptoms of these pulmonary disorders and/ 
or x-ray Changes usually occurred following 
3-18 weeks of therapy and two patients died. 
(See PRECAUTIONS). 


HOW SUPPLIED 
Tablets containing 400 mg (scored) or 600 mg 
in bottles of 100 and unit-dose packages of 
100. 


For more detailed information consult your 

MSD Representative and the Prescribing In- 
formation. Merck Sharp & Dohme, Division 

of Merck & Co., INc., West Point, PA 19486. 
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CORONARY HEART DISEASE 


VOLUME 56 


NUMBER 12 


Effect of Intracoronary Thrombolytic Therapy on Exercise- 
Induced Ischemia After Acute Myocardial Infarction 


JACQUES A. MELIN, MD, PATRICK M. DE COSTER, MD, JEAN RENKIN, MD, 
JEAN-MARIE R. DETRY, MD, CHRISTIAN BECKERS, MD, and JACQUES COL, MD 





Intracoronary streptokinase (SK) therapy increases 
vessel patency rate after acute myocardial infarction 
(AMI) and thus may lead to a greater exercise-in- 
duced myocardial ischemia. This hypothesis was 
tested in 39 patients enrolled in an angiographically 
randomized trial of intracoronary SK (19 treated with 
SK and 20 control subjects); all patients underwent 
thallium-201 scintigraphy at rest before acute an- 
giography, as well as at rest and during stress 5 to 
- 6 weeks after AMI. The patients were classified into 
2 groups based on the presence (n — 13) or absence 
(n — 26) of complete obstruction of the infarct-re- 
lated coronary artery at the end of the acute angi- 
ography. Semiquantitative score of myocardial 
thallium uptake was expressed as percent of max- 
imal defect score. Thallium defect score at rest 
between admission and 5 to 6 weeks' study de- 
creased from 10 + 16% units in the control group 
and from 23 + 14% units in the SK group (p = 0.01). 
This decrease was related to opening of the in- 
farct-related artery (opening 23 + 16% vs occlusion 
5 + 10%). The change in exercise-induced defect 


score was significantly (p — 0.01) larger in patients 
in the SK group (11 + 6% units) than in those in the 
control group (5 + 7% units). The perfusion defect 
during exercise was larger (p — 0.006) in patients 
with incomplete obstruction or reperfusion (10 + 
6% units) than in patients with complete obstruction 
(3 + 7%). This difference was independent of the 
number of diseased coronary vessels. Radionuclide 
ventriculography during submaximal exercise was 
performed within 2 to 3 weeks after AMI in 21 of the 
39 patients studied. The exercise-induced increase 
in ejection fraction was significantly smaller in pa- 
tients with opened vessels (4 + 7%) than in those 
with closed vessels (13 + 9%; p = 0.03). Thus, in 
this group of patients who were studied 5 to 6 weeks 
after AMI, patients treated with SK demonstrated 
scintigraphic improvement at rest compared with 
results at admission, but had more exercise-induced 
ischemia; this was related to incomplete coronary 
obstruction or reperfusion. 


(Am J Cardiol 1985;56:705-711) 





From the Division of Intensive Care, the Center of Nuclear Medicine 
and the Division of Cardiology, University of Louvain Medical School, 
Brussels, Belgium. This study was supported in part by Grants 3.4537.83 
and 3.4536.83 from the Fonds de la Recherche Scientifique Médicale 
and Grant 83/8851 from the Services de Programmation de la Politique 
Scientifique, Belgium. Manuscript received April 8, 1985; revised 
manuscript received June 3, 1985, accepted June 6, 1985. 

Address for reprints: Jacques A. Melin, MD, Centre de Médecine 
Nucléaire, UCL 54.30, Avenue Hippocrate, 54, B-1200 Brussels, 
Belgium. 


705 


In patients with evolving acute myocardial infarction 
(AMI), successful reperfusion can be achieved after 
thrombolysis with intracoronary streptokinase (SK).!-4 
However, residual high-grade stenoses frequently re- 
main at the site of initial occlusion and may result in 
rethrombosis.^86 Furthermore, these residual stenoses 
may predispose the patient to persistent angina pectoris 
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or exercise-induced ischemia. We studied this latter 
possibility in patients enrolled in a randomized, angi- 
ographically controlled trial of intracoronary SK ther- 
apy. The patients studied were selected because they 
had undergone admission thallium scintigraphy and 
underwent scintigraphy at rest and during exercise 5 to 
6 weeks after AMI. In this subset of patients, we ana- 
lyzed the changes in perfusion scans at rest between 
admission and 5 to 6 weeks after AMI and compared 
these data with the exercise scintigrams obtained 5 to 
6 weeks after AMI. 


Methods . 


All patients included in a randomized trial of intracoronary 
SK between October 1981 and August 1984 were considered 


_ for the study. However, only those who underwent thallium 


scintigraphy at rest and during exercise 5 to 6 weeks after AMI 
were included in the present study. The protocol of the ran- 
domized trial has been described.” Eighty-three patients who 
presented to the hospital within 3 hours of the onset of chest 
pain were enrolled in the trial (41 in the control group and 42 
in the SK group). The patients were retrospectively classified 
into 2 subgroups based on the angiographic absence or pres- 
ence of complete obstruction of the infarct-related coronary 
artery. Three patients died in cardiogenic shock during the 


first 12 hours after admission. Three other patients died 


during the 2-month follow-up period. The 6 patients who died 
had a complete coronary artery obstruction (3 in the control 
group and 3 in the SK group). During the first 5 weeks after 
AMI, 1 patient (treated with SK) had a reinfarction and 4 
patients underwent coronary artery bypass surgery (2 treated 
with SK and 2 control subjects). Six patients in the SK group 
and 2 in the control group underwent coronary balloon dila- 
tion. In the 12 patients who underwent surgical or angioplasty 
treatment, the infarct-related coronary artery was found to 
be patent. From the remaining 64 patients (34 in the control 
group and 30 in the SK group), 25 patients (14 control subjects 


. and 11 treated with SK) did not undergo exercise testing 


combined with thallium imaging 5 to 6 weeks after AMI. 
Among these 25 patients, 6 (2 control subjects and 4 treated 
with SK) had typical symptoms of angina pectoris or positive 
electrocardiographic findings during exercise. These 6 patients 
had a patent infarct-related coronary artery. 

The present study group comprised 39 patients (33 men, 
6 women), aged 37 to 70 years (mean 55 + 19). Two patients 
(1 treated with SK and 1 control subject) had a history of AMI. 
Diagnosis of AMI was based on typical prolonged chest pain 
at rest, lasting for more than 30 minutes and persistent ST- 
segment elevation of at least 2 mm in 3 or more leads of the 
standard 12-lead electrocardiogram. The final diagnosis of 
AMI was retrospectively confirmed from serial serum creatine 


kinase values. As soon as possible after the admission and 


inclusion in the randomized trial, 1.5 mCi of thallium-201 were 
intravenously injected. Ten minutes after injection of thal- 
lium-201, intravenous infusion of nitroglycerin was begun. 
Immediately after the initiation of nitrate therapy, thal- 
lium-201 imaging was begun and the acquisition of the 3 
standard views was made within 30 minutes. Without taking 
into account the results of thallium-201 scintigraphy, patients 
were randomly assigned to a control group (n = 20) and an SK 
group (n = 19). After 10,000 units of intravenous heparin had 
been administered, coronary angiography was performed. The 
interval from the onset of infarct symptoms to angiography 
was 266 + 152 minutes in the control group and 234 + 50 
minutes in the SK group. Nitroglycerin (500 ug) was injected 
into the coronary artery to exclude a coronary spasm. In the 
SK group, SK was infused into the coronary artery at a mean 





dose of 240,526 + 45,761 IU within 45 minutes. Coronary an- 
giography was repeated at the end of SK infusion to evaluate 
the success of recanalization and the residual stenosis at the 
site of occlusion. Intravenous heparin infusion (20,000 IU/day) 
was given for the first 2 days after catheterization. Oral ni- 
trates were routinely given after withdrawal of intravenous 
infusion (2 to 4 days after beginning of infusion). All patients 
subsequently received antiplatelet agents (aspirin and dipy- 
ridamole) and calcium antagonist drugs. 

Exercise protocols: All patients underwent maximal ex- 
ercise combined with thallium-201 imaging 5 to 6 weeks after 
AMI. Twenty-one of the 39 patients also underwent radio- 
nuclide ventriculography during submaximal exercise 2 to 3 
weeks after AMI. 

Thallium scintigraphy during maximal exercise: The 
exercise tests were performed on a bicycle ergometer with an 
initial workload of 20 W; the exercise intensity was increased 
by 20 W every minute until the patient had typical anginal 
pain or until subjective exhaustion. Three Frank orthogonal 
leads were constantly monitored and recorded on paper every 
minute during exercise and the first 5 minutes of the recovery. 
A 20-second electrocardiographic sample was also recorded 
on a digital magnetic tape at the end of every minute, at rest, 
during the exercise and during the recovery. These digitized 
electrocardiographic samples were averaged and analyzed by 
computer (Modcomp 11/25) using an adapted version of the 
program of the Thoraxcenter in Rotterdam.? The amount of ~ 
ST-segment depression during maximal exercise was mea- . 
sured 80 ms after the end of QRS with the PR interval as 
reference level. A positive electrocardiographic response 
during exercise was defined as horizontal ST depression equal 
to or greater than 0.1 mV. 

The technique for myocardial perfusion imaging has been 
described.? During the same testing session in which the ex- 
ercise electrocardiogram was performed, thallium-201 (1.5 to 
2 mCi) was injected intravenously, 1 minute before maximal 
exercise. Images (250,000 counts) were obtained in the ante- 
rior, left anterior oblique 45? and 65? positions. A separate 
thallium study at rest was performed 2 to 4 days after the 
exercise study. The 3 thallium studies (preintervention, 6- 
week rest and stress) were independently interpreted without 
computer processing by 2 observers who had no knowledge 
of the clinical, angiographic or electrocardiographic findings. 
Each view was separated into 5 segments, yielding a total of 
15 segments. The thallium uptake in each segment was clas- 
sified as: 0 = normal; 1 = possibly reduced; 2 = reduced; and 
3 = absent. The maximal defect score 45 originates from 15 
segments times a maximal score of 3. The data are presented 
as the percentage of a maximal defect score (equal to 45 or 
100%) that would be obtained if no thallium uptake was shown 
on the 3 views. 

Radionuclide ventriculography during submaximal 
exercise: Twenty-one patients underwent semisupine bicycle 
exercise testing with radionuclide ventriculography 17 + 6 
days after AMI while taking their usual medications. The 
Frank lead system was used for continuous monitoring of the 
electrocardiographic response to exercise. Exercise com- 
menced at 200 kpm/min and increased by 200 kpm/min at 
each subsequent exercise level. The patients exercised for 5 
minutes at incremental workloads until 1 of the following 
endpoints was reached: (1) a heart rate of 120 beats/min; (2) 
complex ventricular arrhythmias; (3) angina pectoris; (4) a 
decrease in blood pressure during exercise; and (5) exhaustion 
or dyspnea. Multigated equilibrium blood pool imaging was 
performed using an in vivo technique of labeling red blood 
cells with 20 mCi of technetium-99m sodium pertechnetate. 
Data acquisition was performed in a modified 30° to 60° left 
anterior oblique view with a 10° caudal tilt adjusted to provide 
the best definition of the interventricular septum. All images 
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TABLE | Thallium-201 Data at Rest and During Exercise in the Two Treatment Groups and in Patients with Patent and 
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Control Streptokinase 
(n = 20) (n = 19) 
Admission thallium- 
201 scintigraphy 
defect score (96) 32+ 18 42+ 17 
Thallium-20 1 
scintigraphy 
during maximal 
exercise (5-6 
weeks after MI) 
HR at rest (beats/ min) 76+ 14 77 X 13 
HR at peak 
t exercise 139 + 20 144 + 21 
-Workload (W/min) 149 + 44 148 + 43 
Abnormal ECG 12 (60%) 8 (42%) 
Defect score at rest 
% 22+ 18 19+ 13 
Defect score during 
exercise (96) 27 X17 30 + 14 
Change in thallium- 
201 defect score 
Between 
admission and 
late study at rest 10 + 16 23+ 14 
Between late study 
at rest and 
- during exercise 51:7 1126 


ECG = electrocardiogram; HR = heart rate; MI = myocardial infarction. 


were acquired using a Elscint Apex-215M gamma camera. 
Twenty-four synchronized images were acquired in 64 by 64 
byte mode for 3 minutes. Data acquisition was begun at each 
workload after the completion of 2 minutes of exercise, which 
allowed the heart rate to stabilize. Left ventricular ejection 
fraction was calculated after determination of background- 
corrected left ventricular time-activity curve. For each frame 
in the cardiac cycle, activity within the region of the left 
ventricle was determined using a second-derivative edge- 
detection algorithm 

Coronary angiography: Angiographic patency was con- 
sidered present if the infarct-related artery showed a good 
runoff of contrast material. The interpretation was made by 
an angiographer unaware of the results of the thallium scin- 
tigram. In the SK group, it was defined from the coronary 
angiogram performed immediately after SK infusion. Within 
the 6 weeks after AMI a follow-up angiogram was performed 
in 29 patients (24 of 26 patients who underwent successful 
reperfusion and in 5 of 13 patients who did not). Multivessel 
disease was defined as 70% or more narrowing of luminal di- 
ameter of at least 2 of the 3 major coronary arteries (left an- 
terior descending, left circumflex and right). Stenosis was 
measured by calipers in 2 oblique projections. 

Statistical analysis: Data are expressed as mean + stan- 
dard deviation. Comparison of data between groups was made 
by unpaired t test. A 2-way analysis of variance was performed 
with 2 grouping factors (coronary patency and number of 
diseased vessels). The p values presented for this analysis are 
from tests on the main effects of these 2 factors whereas the 
interaction was not significant. 


Results 


Coronary angiography: The 39 patients were ret- 
rospectively separated into 2 groups based on the 
presence or absence of complete obstruction of the in- 
farct-related coronary artery. Baseline angiography 
. revealed that the infarct-related coronary artery was 
completely obstructed in 18 of 19 patients (95%) re- 
- ceiving SK and in 14 of 20 patients (70%) in the control 
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p Opened Closed p 
Value (n = 26) (n = 13) Value 
38 + 17 36 + 21 
78+ 13 73415 
144 + 22 137+ 17 
147 + 44 151+ 44 
13 (50%) 7 (54%) 
15+ 12 31 + 17 0.002 } 
25+ 13 344 17 à 
0.01 23 + 16 5 +10 0.001 E 
0.01 10 4 6 SET 0.006 a 
z 


group. Recanalization of complete coronary artery ob- X | 


struction occurred in 16 of 18 patients in the SK group 
and in 3 of 14 patients in the control group. Thus, post- —. 
intervention angiography revealed patency of the in- _ 
farct-related coronary artery in 26 of 39 patients (67%). — 
An anterior infarct was present in 13 of these 26 patients — 


(50%) and in 7 of 13 patients (54%) with coronary ob- 
struction. Twenty of these 26 patients had greater than 
70% luminal stenosis of the artery; 5 patients had a 50 
to 70% stenosis and 1 patient had a 30% residual ste- 
nosis. Follow-up angiography available in 24 of these 26 
patients revealed reocclusion in 2 patients with greater 


than 90% luminal stenosis (2 of 24 [8%]). In 7 ofthese24 — 3 
patients, there was a substantial decrease (10 to 30%) 





in the remaining stenosis of the infarct-related coronary __ | 


artery on the follow-up angiogram compared with the 


acute angiography. These 7 patients had greater than 
70% stenosis that decreased to a 50 to 70% stenosis. —. 


Twenty-two patients had 1-vessel and 17 patients had — — 


multivessel disease, including 10 with 2-vessel and 7 — : 
with 3-vessel coronary disease (and no left main coro- 


nary artery stenosis). 


Enzyme kinetics data: Peak creatine kinase values | 


were lower in patients with incomplete coronary ob- 
struction (1,377 + 1,087 IU) than in those with complete 
obstruction recanalized (3,176 + 1,123 IU) or not reca- 
nalized (2,184 + 1,386 IU). The time required to reach 
the peak creatine kinase value did not differ signifi- 


cantly between patients with incomplete coronary ob- 


struction on the baseline angiogram (15 + 4 hours) and 


those in whom complete obstruction was recanalized (14 
+ 6 hours). In both groups the creatine kinase value _ 


peaked earlier than in patients in whom complete cor- 
onary obstruction was not recanalized (23 + 5 hours). 


Thallium-201 scintigraphy at rest: Thallium-201 | 2 


defect scores were compared for the preintervention and 
the 5 to 6 weeks’ follow-up studies (Table I and Fig. 1). 
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Defect score decreased by 10 + 16% units in the control 
group and by 23 + 14% units in the SK group (p = 0.01). 
The decrease was related to opening of the infarct-re- 
lated artery (23 + 16% units in the patients with opened 
vessel vs 5 + 10% units in those with closed vessel, 
p = 0.001). 

Thallium-201 scintigraphy during maximal ex- 
ercise: The results of exercise thallium-201 scintigraphy 
are listed in Table I. Only 2 patients had chest pain 
during exercise (the first with patent infarct-related 
artery and 1-vessel disease; the second with complete, 
obstruction and 3-vessel disease). Positive electrocar- 
diographic findings during exercise were found in 8 
patients (42%) treated with SK (6 with 1-vessel disease) 
and in 13 (50%) with opened infarct-related vessel (7 
with 1-vessel disease). The individual changes in thal- 
lium-201 defect scores during maximal exercise are 
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+30 
^ p—.01 
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+10 


-10 


-20 


control streptokinase opened 


(n = 20) 


25 


20 
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o 000000 eee (0989-7. 2^" Geoupes 
opened 


(n =26) 


streptokinase 
(n =19) 


control 


(n = 20) 


closed 
(n = 19) (n = 26) (n = 13) 


(n =13) 


shown in Figure 2. The magnitude of thallium defect 
score reflecting ischemia (exercise-induced score 
change) was significantly (p = 0.01) larger in patients 
in the SK group (11 + 6% units) than in patients in the 
control group (5 + 7% units). The exercise-induced 
defect score was found to be significantly associated 
with opening of the infarct-related vessel; in the patients 
with opened vessel, the exercise-induced defect score 
was 10 + 6 vs 3 + 7% units in the patients with closed 
vessel (p = 0.006). As shown in Table II, this difference 
was independent of the number of diseased coronary 
vessels (2-way analysis of variance). 

Radionuclide ventriculography during sub- 
maximal exercise: Table III and Figure 3 illustrate the 
magnitude of change in ejection fraction from rest to 
submaximal exercise in 21 of 39 patients. Comparison 
of the admission (postintervention) contrast ejection 


FIGURE 1. Individual changes in thallium-201 defect score 
at rest between admission and late scintigrams in control and 
in streptokinase groups as well as in patients with patent and 
occluded infarct-related coronary artery. Changes in defect 
score are expressed in percent units and are equal to the 
admission defect score at rest minus the late score at 


p-.001 rest. 


FIGURE 2. Individual changes in thallium-201 defect score 
during maximal exercise. Changes in defect score are ex- 
pressed in percent units and are equal to the defect score 
during exercise minus the defect score at rest. 
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TABLE | Thallium-201 Data at Rest and During Exercise in Patients Subclassified into 1-Vessel and Multivessel Coronary Y. 








Artery Disease 
Opened (n — 26) Closed (n = 13) p Value 
1-Vessel Multivessel 1-Vessel Multivessel Opened 1 vs 
Disease Disease Disease Disease vs Multivessel 
(n = 15) (n = 11) (n = 7) (n = 6) Closed Disease 
Admission thallium- 38 + 18 38 + 16 44+ 21 27 + 19 
201 scintigraphy 
defect score (%) 
Thallium-20 1 
scintigraphy 
during maximal 
exercise 
Abnormal ECG 7 (4796) 6 (5596) 1(14%) 6 (100%) 
ashe score at rest 18+ 13 12+ 10 38 + 16 23 4- 16 0.001 0.03 
(76) 
Defect score during 28 + 15 22 "- 11 41+ 18 27 + 13 0.04 
exercise (96) 
Change in thallium- 
201 defect 
score 
Between 104 6 1047 3S £9 4+6 0.001 
admission and 
late study 
Between late study 20+ 14 26+ 18 6+ 14 4+5 0.007 
at rest and 


during exercise 





ECG = electrocardiogram. 


TABLE Ill Data at Rest and During Exercise in the Two Treatment Groups and in Patients with Patent and Occluded Infarct- 
Related Coronary Artery. Submaximal Radionuclide Angiographic Data are Included in this Group of 21 Patients 


Submaximal RNA 
Exercise data (2-3 
weeks after MI) 

HR at rest (beats/ 
min) 

HR during exercise 

Abnormal ECG 

LVEF at rest (96) 

LVEF during 
exercise (96) 

Change in LVEF 
during exercise 
(96) 

Admission 
thallium-20 1 
scintigraphy 
defect score (96) 

Thallium-20 1 

scintigraphy 
during 

maximal exercise 
(5-6 weeks after 
MI) 

HR at rest (beats/ 
min) 

HR at peak 
exercise 

Workload (W/min) 

Abnormal ECG 

Defect score at 
rest (96) 

Defect score 
during exercise 
(%) 

Change in thallium- 
l» 201 defect score 
k Between 

admission and 
late study 
at rest 

Between late study 
at rest and during 
exercise 





Control 
(n = 11) 


TTEN 
113 + 15 
2 


46 + 16 
55 + 18 


9+ 10 


35 + 18 


74411 
135 + 23 
154 + 44 
25 4 18 
29 + 19 


10 + 12 


418 


Streptokinase 
(n = 10) 


77 + 26 
109 + 24 
1 


45+ 15 
50 + 19 


57 


42 t 17 


74 + 13 
144 + 23 
168 + 37 

14 + 10 

26 + 13 


28 + 14 


12+6 


p 
Value 


0.005 


0.03 


Opened 
(n = 14) 


75 + 22 

108 + 20 
1 

45 + 16 

49+ 17 


4t7 


40 + 16 


744 11 

142 + 26 

158 + 44 
7 

24+ 14 
144 12 


26 + 13 


107 


Closed 
(n = 7) 


82+ 13 
117 + 16 
2 


47 + 16 
60 + 20 


1349 


35 + 21 


73 + 14 
134 + 16 
166 + 34 

3 

33 + 20 

30 + 16 


5 + 10 


3+9 


LVEF = left ventricular ejection fraction; RNA = radionuclide angiography; other abbreviations as in Table l. 
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| fraction and the predischarge radionuclide ejection 
A fraction showed no significant differences between the 
. patients treated with SK (52 + 12 and 45 + 15%; dif- 


ference not significant [NS]) and the control subjects 
(51 + 12 and 46 + 16%; NS). The patients with ob- 


_ structed artery had an initial ejection fraction of 52 + 


13% and a predischarge ejection fraction of 47 + 16% 
(NS). The ejection fraction in patients with incomplete 
obstruction or reperfused artery was initially 50 + 11% 


. and at follow-up 45 + 16%. The 2 groups did not differ 


. significantly with regard to initial or interval change in 


p 


ejection fraction. The exercise-induced increase in left 


. ventricular ejection fraction was significantly higher in 


. patients with complete coronary obstruction (p = 0.03). 
_ Among the patients with 1-vessel disease (n = 13), the 
. increase in ejection fraction during exercise was also 


- higher in patients with closed infarct-related artery (12 


. + 9% units) than in those with opened artery (5 + 9% 
. units). In the same subgroup of 21 patients, the mag- 
. nitude of thallium defects reflecting exercise ischemia 


(change between study at rest and during exercise) was 
higher in the patients treated with SK (p = 0.03) than 
in the control group, and higher in patients with patent 
infarct-related artery (p — 0.07) than in patients with 
closed vessel. 


Discussion 


Five to 6 weeks after AMI, patients treated with SK 
had improvement in their perfusion scintigrams at rest 
compared with those at admission, but had more exer- 
cise-induced ischemia. In this randomized, angio- 
graphically controlled trial of intracoronary SK therapy, 


. the reduction in thallium perfusion defect at rest and 


the subsequent exercise-induced ischemia occurred in 


. those patients with subtotal occlusion of the infarct- 


related artery or with successful reperfusion, both in 
those treated with SK and in the control group. 
In this trial, the patients were retrospectively classi- 


. fied on the basis of the angiographic demonstration of 
. patency or total obstruction of the infarct-related ar- 





tery. Analysis of creatine kinase curves lent further 
support to the angiographic data; an early peaking of 
creatine kinase values was found both in patients with 
catheterization reperfusion and in those with incom- 
plete coronary obstruction on the baseline angiogram. 
Our population included only the 39 patients who un- 
derwent exercise thallium scintigraphy 5 to 6 weeks 
after AMI. All patients were asymptomatic besides 2 
who had angina during exercise. In the remaining 44 
patients enrolled in the trial, recurrent coronary events 
occurred in 19 patients: 1 patient had a reinfarction, 12 
underwent coronary balloon angioplasty or bypass 
surgery and 6 had angina pectoris or abnormal exercise 
electrocardiographic findings. Those 19 patients rep- 
resent 70% of those who demonstrated incomplete 
coronary obstruction or successful reperfusion at the 
end of admission angiography. 

The present study addresses the clinical issue of the 
residual high-grade stenoses after spontaneous or fi- 
brinolytic reperfusion. Reocclusion has been reported 
in less than 10 to 32% of patients undergoing follow-up 
angiography after thrombolysis.!-25-10,11 Of the 26 pa- 
tients with patent infarct-related coronary artery in the 
present study, 8% showed reocclusion at the follow-up 
angiography. Besides the risk of rethrombosis, another 
potential issue of residual stenosis is exercise-induced 
ischemia. Previous studies have focused on recurrent 
angina. In the Western Washington randomized trial, 
the group treated with SK had less severe angina at the 
time of hospital discharge than did the control group.!? 
In another randomized trial, angina occurred in more 
control than SK patients during the 19-month follow- 
up.!? In a third randomized trial,!4 patients were clas- 
sified according to the absence or presence of reperfu- 
sion after treatment; the incidence of postinfarction 
angina was similar in the group in whom reperfusion 
was achieved (21%) and in the group in whom it was 
not (35%). 

In the present study, most patients who underwent 
thallium scintigraphy during exercise 5 to 6 weeks after 
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AMI were asymptomatic. In this group, the presence 
of an exercise-induced perfusion defect was related 
to a persistent coronary stenosis. Furthermore, in a 
subgroup of these patients, radionuclide angiography 
during submaximal exercise showed that the increase 
in ejection fraction was significantly greater in patients 
with closed infarct-related artery (13%) than in those 
with patent artery (4%). The clinical implications of 
these findings for the routine management of patients 
undergoing fibrinolysis after AMI remain to be eluci- 
dated. The optimal management course after successful 
thrombolytic therapy has not been defined. Both per- 
cutaneous transluminal coronary angioplasty!?-?? and 
coronary artery bypass grafting??? have been advo- 
cated to prevent reocclusion and recurrent ischemic 
events. As emphasized by Laffel and Braunwald," these 
treatments might be indicated after thrombolytic 
therapy if the patient has angina despite intensive 
medical therapy or demonstrates persistent myocardial 
ischemia, particularly in the myocardium perfused by 
the artery in which thrombolysis has occurred. 
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Primary Angiographic Success Rates of Percutaneous 
Transluminal Coronary Angioplasty 


H. VERNON ANDERSON, MD, GARY S. ROUBIN, MB, PhD, PIERRE P. LEIMGRUBER, MD, 
JOHN S. DOUGLAS, Jr., MD, SPENCER B. KING, Ill, MD, 
and ANDREAS R. GRUENTZIG, MD 


Three distinct periods in catheter design have been 
identified since the advent of percutaneous tran- 
sluminal coronary angioplasty (PTCA) in 1977. In 
the first period PTCA was performed using a dou- 
ble-lumen balloon catheter that had a fixed, flexible 
guidewire at the tip. In the second period, an inde- 
pendent, steerable guidewire and the steerable 
catheter system were used. In the third period, 
low-profile catheters were introduced. A total of 
2,969 patients who had single-vessel PTCA of a 
native coronary artery was separated into groups 
according to the period during which PTCA was 
performed. Introduction of the steerable catheter 
system was accompanied by improvement in pri- 
mary success rate in PTCA attempts on the right 
coronary artery (78% vs 88%, p « 0.005). Intro- 
duction of the low-profile catheter was accompanied 


by improved primary success in PTCA attempts on 
the left anterior descending coronary artery (LAD) 
(90% vs 94%, p <0.005). The percentage of PTCA 
attempts on the LAD decreased over the 3 periods 
(70% to 60% to 56%), while the percentage of 
attempts on the left circumflex artery increased (7 96 
to 12% to 16%). Before steerable and low-profile 
catheters were used, there were significant differ- 
ences in ability to reach and cross stenoses among 
the 3 major coronary arteries. These differences no 
longer exist. These results indicate that technical 
improvements and operator experience have made 
stenoses in all 3 major coronary arteries equally 
accessible to dilatation catheters and that primary 
success rates and reasons for failure in these arte- 
ries are now similar. 

(Am J Cardiol 1985;56:7 12-717) 
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Primary success in percutaneous transluminal coronary 
angioplasty (PTCA) depends on many factors. Patient 
selection, lesion location, operator experience and 
equipment choice all play important, but ill-defined, 
roles.!-* 

Catheter systems for positioning the angioplasty 
balloon at the site of stenosis have evolved. Three dis- 
tinct periods can be identified. In the earliest period, the 
coronary dilatation catheter was a double-lumen, bal- 
loon-tipped catheter with a fixed, flexible guidewire at 
the distal end, just in front of the balloon.® Single, 
discrete stenoses of the proximal portion of a major 
coronary artery were the most amenable to successful 
dilatation.9 

The second period in coronary dilatation catheters 
began with the introduction of the independent, steer- 
able guidewire.’ Torque control and flexibility, supe- 
rior to the plastic shaft of the original dilatation cath- 
eters, permitted the steerable guidewire to be maneu- 
vered into all major coronary arteries and their 
branches. Once the guidewire was in position the dila- 
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tation catheter could be advanced over it. Simultaneous 
traction on the guidewire and advancement of the 
steerable dilatation catheter provided improved back- 
up for maneuvering the balloon across a difficult 
stenosis.?-9:9 

The most recent period in coronary dilatation cath- 
eters began with the introduction of the low-profile 
catheter. This system preserved the basic design of the 
independent, steerable guidewire and accompanying 
catheter. Guidewires for the low-profile system are 
smaller (0.012 or 0.014 inch vs 0.016 inch), and the bal- 
loon tip has a smaller overall dimension. 

We undertook this study to determine if changes in 
the primary angiographic success rate of PTCA at our 
institution are related to these changes in catheter 
design. 


Methods 


Patient selection: From July 14, 1980, to August 15, 1984, 
3,716 patients underwent PTCA at Emory University Hos- 
pitals. Excluded from this study were 400 patients who un- 
derwent multiple-vessel dilatation and 140 patients who had 
dilatation of a bypass graft. Of the remaining 3,176 patients, 
15 had incomplete or ambiguous records. Thus, 3,161 patients 
who underwent single-vessel dilatation of a native coronary 
artery formed the population base. 

To accurately study changes in primary success rate, we 
examined the number of native-artery single-vessel PTCA 
procedures performed and the primary success rates for the 
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months after the start of PTCA at our institution. This ex- 
amination (Fig. 1) revealed an initial steep rise in the primary 
success rates. To prevent early results from biasing the anal- 
ysis, we excluded the first 192 patients of our base population 
or patients whose PTCA procedures were performed before 
June 1, 1981 (Fig. 1, point A). We therefore restricted the 
analysis to 2,969 patients undergoing native single vessel 
PTCA, from June 1, 1981 to August 15, 1984. 

Data collection: Since 1980, information on all patients 
undergoing PTCA at our institution has been collected pro- 
spectively. Patient history, physical examination, laboratory 
studies and PTCA procedure characteristics are recorded on 
standard forms. After audit for completeness by a research 
nurse, the data are entered into the cardiac data bank central 
computer (VAX 11/750, Digital Equipment Corp.). 

Angiographic measurements: The angiographic severity 
of a coronary artery lesion was determined as percent diameter 
stenosis. Measurement of cineangiograms was done with a 
programmable digital caliper system (Prodical 1101, A2D 
Ultrasound, Inc.). In each available projection the frame 
showing the most severe stenosis in end-diastole was chosen 
for measurement. The percent diameter stenosis recorded was 
the mean value of the measurements from 2 or 3 available 
projections (right anterior oblique, left anterior oblique and 
lateral). This method has been shown to reduce observer 
variability.!? 

Lesion length was determined from the same angiographic 
frames as percent diameter stenosis. Caliper measurements 
were made of the lesion from the point of first tapering to the 
point of last widening of the vessel lumen. A calibrated scale 
allowed translation of measurements into millimeters. The 
lesion length recorded was the longest of the measurements 
made in the available projections. 

The presence or absence of increased radiodensity within 
the body of the lesion was noted at the time of cineangio- 
graphic review. This result was recorded either as a calcified 
or noncalcified lesion. 

Gradient: Aortic pressure was monitored and recorded 
from the coronary artery guide catheter. Distal coronary artery 
pressure was monitored and recorded from the central lumen 
of the angioplasty balloon catheter. Pressures were deter- 
mined with tubing filled with saline solution, and strain gauge 
transducers (Statham P23ID). An automated recording sys- 
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tem was used (MEDARRS, Honeywell, Inc.). When the an- 
gioplasty balloon catheter was in place at the site of narrowing 
the difference between aortic and distal coronary artery 
pressures was monitored and recorded as the transstenotic 
pressure gradient. 

Vessels: The location of a stenosis in 1 major coronary ar- 
tery or its branches was noted on a coded diagram. For this 
study all PTCA procedures were grouped according to major 
coronary artery. A PTCA procedure attempted in a branch 
of a major coronary artery was therefore grouped by the artery 
off of which it branched, either left anterior descending 
(LAD), left circumflex (LC) or right coronary artery. 

Success and failure: Primary success in PTCA was de- 
fined angiographically as a reduction of at least 20 percentage 
points in the percent diameter stenosis, determined from 
measurements of cineangiograms before and after the PTCA 
procedure. Angiographic success only, rather than clinical and 
angiographic success, was considered in this study. All un- 
successful PTCA attempts were recorded in 1 of the following 
mutually exclusive categories: unable-to-reach lesion, un- 
able-to-cross lesion and no-reduction-in-stenosis, meaning 
that a reduction of less than 20 percentage points in percent 
diameter stenosis was achieved. 

Catheter systems (Fig. 2): From July 1980 through April 
1982, PTCA was performed at our institution using a dou- 
ble-lumen balloon catheter (USCI) with a fixed, flexible 
guidewire at the tip (Fig. 2A). In April 1982 the steerable 
catheter system (USCI) with an independent, steerable 
guidewire was introduced (Fig. 2B and C). By May 1982 the 
steerable catheter was used exclusively for all PTCA proce- 
dures. In July 1983 the low-profile catheter (USCI), which 
maintained the design of the steerable catheter but was 
smaller in dimension at the balloon tip (Fig. 2D), became 
available at our institution. The low-profile catheter was used 
in all cases in which a stenosis was judged too severe to ac- 
commodate a standard balloon catheter. It was also used in 
a catheter exchange whenever a standard balloon catheter 
could not be passed through a stenosis. 

Time periods: The study period from June 1, 1981, to 
August 15, 1984, was separated into 3 intervals to correspond 
with the time periods in which the 3 catheter systems were in 
use: period I (original double-lumen catheter)—June 1, 1981, 
to April 14, 1982; period II (steerable catheter system)—April 


Attempts 


FIGURE 1. Primary success rate in 
single-vessel percutaneous translu- 
minal coronary angioplasty of a native 
coronary artery—monthly data. A = 
end of learning curve; B = introduction 
of the steerable catheter system; 
C = introduction of the low-profile - 
catheter. 
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. FIGURE 2. A, original fixed guidewire angioplasty catheter. B, steerable 
. guidewire. C, steerable catheter. D, low-profile catheter. 


.. 15, 1982 to July 15, 1983; and period III (low-profile cathe- 
ter) —July 16, 1983, to August 15, 1984. 

... Statistical analysis: Variables were compared from period 
R^ period II (before and after introduction of the steerable 
. catheter), period II to period III (before and after introduction 
of the low-profile catheter) and, when appropriate, from pe- 
_ riod I to period III (earliest experience to most recent expe- 
. rience). Unsuccessful PTCA attempts were compared among 
_the 3 major coronary arteries within each time period. Discrete 
categorical variables were analyzed with the chi-square test. 
. Continuous variables are shown as mean + standard deviation 
and were analyzed with a Student t test. A p value «0.05 was 
considered significant. 
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The separation of the study period into intervals 
based upon catheter type resulted in 3 intervals of un- 
equal length and unequal number of PTCA attempts. 
Period I, from June 1, 1981, through April 14, 1982, 
consisted of 10.5 months and 499 PTCA attempts (Fig. 
1, point B). Period II, from April 15, 1982, through July 
15, 1988, consisted of 15 months and 1,137 PTCA at- 
tempts (Fig. 1, point C). Period III, from July 16, 1983, 
through August 15, 1984, consisted of 13 months and 
1,333 P'TCA attempts. 

Proportions (Fig. 3): In each of the 3 periods the 
proportion of single-vessel PTCA attempts in the 3 
major coronary arteries varied. The LAD accounted for 
the majority in each period, but its percentage of the 
total fell significantly. The right coronary artery ac- 
counted for nearly one fourth of all PTCA attempts in 
each period, and its share did not change significantly. 
The LC share of total PTCA attempts increased sig- 
nificantly in each period, from 7% in period I to 12% in 
period II to 16% in period III. 

Success and failure in each time period: The total 
number of PTCA attempts, number of primary suc- 
cesses, number and category of failures, and their cor- 
responding percentages are shown in Table I. 

When the 3 coronary arteries are considered collec- 
tively, the primary success rate was 88% (436 of 499 
attempts) in period I, 90% (1,021 of 1,137) in period II 
and 92% (1,233 of 1,333) in period III. The change from 
the fixed guidewire to the steerable catheter (period I 
to IT) caused a trend toward a decline in the percentage 
of lesions unable to be reached from 3% to 2%. There was 
no significant change in the other 2 failure categories. 
The addition of the low-profile catheter (period II to 
period III) was accompanied by no change in ability to 
reach a lesion, but a trend toward declines in both un- 
able-to-cross and no-reduction-in-stenosis to 3% each. 
The change that occurred between periods I and III was 
significant (p <0.01). During these same periods, the 
mean percent diameter stenosis of lesions attempted 
increased very slightly but significantly. The mean 


FIGURE 3. Single-vessel percutaneous 
transluminal coronary angioplasty at- 
tempts of a native coronary artery for 
3 time periods. LAD = left anterior 
descending coronary artery; LCX = left 
circumflex artery; RCA = right coro- 
nary artery. 
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TABLE! Attempts at Percutaneous Transluminal Coronary 
Angioplasty, Primary Success, and Reason for 
Failure, All Vessels 


Period Period Period 
| I I 


|. T 














Total attempts 499 1,137 1,333 
Primary success 436 (88%) 1,021 (90%) 1,233 (92%) 
Unsuccessful 
. UTR 17 (396) 17 (296) 21 (296) 
UTC 27 (596) 51 (4.596) 41 (396) 
NRS 19 (496) 48 (4.596) 38 (396) 
p«0.1--— p «0.1 ———— 
« 0.01 
Mean diameter 73 t 14 72 iX 13 74414 
stenosis (%) 
——p «0.01—— 
Mean gradient 50 + 16 50 + 15 51+ 14 
(mm Hg) 
Mean lesion 4.9 t 3.1 6.6 + 4.3 6.0 + 3.9 
length (mm) 
——— p «0.005 —  — p «0.005 —— 
— — p «0.005 ——— 
Calcified 23 (596) 48 (496) 80 (6%) 


NRS - no reduction in stenosis; UTC — unable to cross lesion; UTR 
= unable to reach lesion. 


TABLE Il! Attempts at Percutaneous Transluminal 
Coronary Angioplasty, Primary Success, and 








5 Reason for Failure, Left Circumflex Coronary 
Artery 
Period Period Period 
| I I 
Total attempts 34 140 219 
Primary succcess 31 (9196) 130 (9396) 195 (8996) 
Unsuccessful | 
UTR 0 1(196) 7 (396) 
UTC 3 (996) 7 (596) 8 (496) 
NRS 0 2 (196) 9 (496) 
——p- NS-——— p= NS — 
Mean diameter 76+ 13 74 3: 13 75+ 14 
stenosis (96) 
Mean gradient 51+ 15 53 + 15 53 + 14 
(mm Hg) 
Mean lesion 3.6 + 2.0 5.6 + 3.6 5.6 + 3.6 
length (mm) 
— — p «0.005 
pe Calcified 0 2 (196) 2 (196) 


NRS = no reduction in stenosis; NS = not significant; UTC = unable 
to cross lesion; UTR = unable to reach lesion. 


transstenotic pressure gradient and percentage of le- 
sions noted to be calcified did not change. The mean 
lesion length first increased then decreased, but was 
higher in period III than in period I. 

Success and failure in each vessel: Left anterior 
descending coronary artery (Table IT): The change 
from the fixed guidewire system to the steerable cath- 
eter (period I to period II) was not accompanied by 
changes in primary success. The mean lesion length was 
significantly longer in period II than in period I. With 
use of the low-profile catheter (period III), the primary 
success rate increased significantly and the failure rates 

( decreased in all 3 categories. Also noted after intro- 

» . duction of the low-profile catheter were increases in 
mean percent diameter stenosis and the percentage of 
lesions noted to be calcified. There was a small decline 
in mean lesion length. 

Left circumflex artery (Table III): Neither the 
introduction of the steerable catheter nor the addition 
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TABLE || Attempts at Percutaneous Transluminal E. 
Coronary Angioplasty, Primary Success and Ee 
Reason for Failure, Left Anterior Descending E 
Coronary Artery E 

Period Period Period 33 

| Il I 4 

Total attempts 350 678 742 .— E 
Primary success 315 (9096) 609 (9096) 698 (9496) E 
Unsuccessful E. 
UTR 8 (296) 13 (296) 7(190) >) ae 
UTC 13 (4%) 22 (3%) 16 (2%) S 
NRS 14 (496) 34 (5%) 21(3%) Je 
p =NS—— ——p «0.005 —— EU 

Mean diameter 71+ 14 70+ 13 73 + 14 t 

stenosis (96) E 
——— p <0.005—— - 

Mean gradient 49+ 15 49+ 15 49+ 14 "C 
(mm Hg) 3 
Mean lesion 4.7 t 2.9 6.6 + 4.3 5.9 + 3.7 Y^ 
length (mm) E 
—— p «0.005 ——  — p «0.005 —— i 

——— p «0.005 —— S 
Calcified 20 (6%) 37 (6%) 63 (9%) B 
p «0.005 P 


NRS = no reduction in stenosis; NS = not significant; UTC = unable E. 
to cross lesion; UTR — unable to reach lesion. 











TABLE IV Attempts at Percutaneous Transluminal = 

Coronary Angioplasty, Primary Success and 3 

Reason for Failure, Right Coronary Artery a 

Period Period Period —— 

| i I E 

Total attempts 115 319 372 E 

Primary success 90 (7896) 282 (8896) 340 (91%) E 

Unsuccessful E 

UTR 9 (8%) 3 (196) 7 (296) e 

UTC 11 (1096) 22 (796) 17 (5926) Ai 

NRS 5 (496) 12 (496) 8 (296) u. 

p«0.005— ——p -NS—* E 

Mean diameter 78 X 14 75 + 13 77 X 13 i 

stenosis (%) 4 

Mean gradient 52+ 17 53 + 15 55 + 14 a 
(mm Hg) 
Mean lesion 5.6 + 3.8 6.8 + 4.4 6.5 + 4.3 x 

length (mm) d 

p «0.005 —— B 

Calcified (96) 3 (396) 9 (396) 15 (496) ‘st 

NRS = no reduction in stenosis; NS = not significant; UTC = unable — - 

to cross lesion; UTR = unable to reach lesion. aS 


of the low-profile catheter resulted in significant . 
changes in primary success or failure categories. The 
mean lesion length increased after the introduction of 
the steerable catheter (period II). 

Right coronary artery (Table IV): The introduc- 
tion of the steerable catheter was accompanied by a 
significant increase in primary success, with a large 
decline in the percentage of lesions in the unable-to- 
reach category and a smaller decline in the percentage 
in the unable-to-cross category. Use of the steerable —— | 
catheter was also associated with a significant increase __ 
in mean lesion length. The addition of the low-profile 
catheter was not accompanied by significant changes 
in primary success or failure categories. | 

Comparison of vessels within each time period 
(Table V): In period I (fixed guidewire system), the — 
ability to reach lesions in the 3 major coronary arteries — . 
was significantly different (unable-to-reach = 8% for ^ : 
right vs 2% for LAD and none for LC). This difference — 
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TABLE V Comparison of Unsuccessful Attempts at 


EL Percutaneous Transluminal Coronary 
fix Angioplasty Within Each Time Period 
Vessel Period | Period II Period Il 


Unable to Reach Lesion 








LAD 2% 2% 1% 
S LC 0% 1% 3% 
i RCA 8% 1% 2% 
p <0.01 p=NS p=NS 
Unable to Cross Lesion 
P LAD 4% 3% 2% 
b LC 9% 5% 4% 
r RCA 10% 7% 5% 
| p <0.05 p <0.05 p=NS 
b; No Reduction in Stenosis 
LAD 4% 5% 3% 
r LC 0% 1% 4% 


RCA 4% 4% 2% 
p=NS p=NS p=NS 


I 

LAD = left anterior descending coronary artery; LC = left circumflex 
. artery; NS = not significant; RCA = right coronary artery. 

- was not apparent after the introduction of the steerable 
. catheter, and the percentage of unable-to-reach lesions 
- for periods II and III was similar for all vessels (Table 
-. V). Before the introduction of the low-profile catheter 
- (periods I and II), there was a significant difference 
among the 3 major coronary arteries in ability to cross 
 alesion. This difference was not apparent with use of 
_ the low-profile catheter (Table V). The no-reduction- 
_ in-stenosis category has not been significantly different 


among the 3 major coronary arteries for any period 
(Table V). 


Discussion 


This study demonstrates that the primary angio- 
- graphic success of PTCA in single vessel lesions of a 
_ native coronary artery has increased significantly over 
.4 years. Angiographic success has increased in con- 
junction with increases in complexity of lesions at- 
tempted. Improvements in primary success and reasons 
for failure vary among each of the 3 major coronary ar- 
_ teries. Because of technical improvements (the steerable 
- catheter system and the low-profile catheter), PTCA 
attempts in all 3 coronary arteries now have similar 
success rates and reasons for failure. This study has 
. dealt only with primary angiographic success; however, 
acute complications of PTCA have declined during 
_ these same periods.!! 
. Registry data: The only other large scale compila- 
tion of data on PTCA was that of the National Heart, 
Lung, and Blood Institute PTCA Registry.!? This reg- 
_istry contains data on single- and multiple-vessel PTCA 
attempts from September 16, 1977, to September 30, 
1982 (3,079 patients).! Early data from our institution 
was included in the registry but we contributed only 190 
patients between June 1, 1981, and registry closure to 
single-vessel PTCA data on October 1, 1981. The reg- 
istry data thus serves as a useful comparison. A signif- 
icant proportion of patients in the registry had multi- 
 ple-vessel PTCA attempts, whereas the present analysis 
includes only single-vessel attempts. 
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Learning curve: Our study supports registry data 
for the presence of a PTCA learning curve.'? Registry 
data show that primary success increases linearly over 
the first 250 investigator attempts. However, registry 
data were being collected at the time the steerable 
catheter system was introduced (1981 to 1982). Our data 
show (Fig. 1) that the learning curve effect exists in the 
early performance of PTCA even when confined to 1 
catheter type (in this case the fixed guidewire model). 
We specifically excluded from our later analysis these 
early PTCA attempts, which represent the steeply rising 
portion of the learning curve. The monthly primary 
success rates after we began our analysis (June 1, 1981) 
do not exhibit abrupt changes characteristic of a 
learning curve even at the points where the steerable 
catheter and the low-profile catheter came into use. 
However, the proportion of attempts in the 3 major 
coronary arteries varied between periods. The per- 
centage of PTCA attempts in the LAD fell significantly, 
while that in the LC increased. This suggests that the 
“learning curve” changed from a simple success-vs- 
failure categorization to one of expanded opportunity 
for attemping angioplasty in the different coronary 
arteries, particularly the LC. 

Steerable catheter system: The advent of the 
steerable catheter brought about a reduction in the 
percentage of PTCA failures owing to inability to reach 
coronary artery lesions. This was entirely a result of 
improvement in right coronary artery attempts. In ad- 
dition, the length of coronary artery stenoses attempted 
increased after introduction of the steerable catheter, 
with no decline in primary angiographic success. The 
value of the steerable catheter was anticipated.2 +13 The 
introduction of the steerable catheter was also accom- 
panied by a decline in the percentage of failures owing 
to inability to cross the coronary artery stenosis, again 
particularly in LC and right coronary artery lesions 
(Tables I, II and III). This suggests that the steerable 
guidewire was superior to the older, fixed guidewire 
system for crossing lesions even once they were reached. 
The ability to steer a guidewire into distal branches of 
the coronary artery before balloon catheter placement 
may provide the backup needed to cross more difficult 
lesions. 

Low-profile catheter: As would be expected, use of 
the low-profile catheter brought about a decline in the 
percentage of failures owing to inability to cross the 
lesion. Although lesion length declined slightly after 
introduction of the low-profile catheter, mean lesion 
length was still longer than in the earliest period. The 
mean percent diameter stenosis increased slightly but 
significantly, and it increased most in the LAD, which 
had the largest increase in primary angiographic suc- 
cess after introduction of the low-profile catheter 
(Table II). 

Inability to reduce the stenosis: Neither the in- 
troduction of the steerable catheter nor the addition of 
the low-profile catheter had an effect on the percentage 
of failures owing to inability to reduce the stenosis in 
any of the 3 vessels. The registry data demonstrated a 
correlation between a decline in inability to dilate and 
increased mean balloon inflation time and mean max- 
imum number of inflations.?^ Other investigators have 
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suggested that primary success may be improved by 
these 2 measures.!4 We did not collect these data from 
our patients. 

The constancy of the no-reduction-in-stenosis cate- 
gory in our data may be related to the finding that 
overall, the percentage of lesions noted to be calcified 
remained constant across the 3 periods, and the influ- 
ence of calcified lesions would probably be detected in 
this category. Calcification of a lesion very likely reflects 
its age and degree of distensibility. Additionally, the 
registry has identified lack of lesion calcification as both 
a univariate and multivariate predictor of success.* 

Vessel differences: Right coronary artery lesions 
have consistently had the highest mean percent diam- 
eter stenosis, highest mean transstenotic pressure gra- 
dient and longest mean lesion length (Table IV). De- 
spite this, primary angiographic success in right 
coronary artery lesions has improved the most and now 
almost equals primary success in LAD lesions. In ad- 
dition, the left circumflex artery has become accessible 
to dilatation equipment and its proportion of overall 
PTCA attempts is increasing. 

In conclusion, technical changes have occurred in 
PTCA, which are reflected in improved primary angi- 
ographic success. These changes along with operator 
experience have made stenoses in all 3 major coronary 
arteries equally accessible and the reasons for dilata- 
tion failure similar. This improvement occurred even 
as more difficult lesions were selected for attempted 
angioplasty. 
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and Interobserver Variability in the Evaluation 
of Coronary Artery Stenosis 


RAN VAS, PhD, NEAL EIGLER, MD, CALVIN MIYAZONO, MS, 
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. A leading problem with subjective interpretation of 
. coronary angiography is high intraobserver and in- 
 terobserver variability. Four experienced an- 
. giographers independently determined percent di- 
ameter narrowing of 36 stenoses using 3 methods: 
by subjective analysis of single-frame cine film 
. images (film), by subjective analysis of digitized 

nonenhanced single-frame images (digital), and by 
using a semiautomated digital caliper quantification 
_ System (Corona). The reproducibility of interpre- 
 tations was assessed by comparison of estimated 
_intraclass correlation coefficients. Digital and Co- 
rona readings correlated well with subjective in- 
_ terpretation of film (r >0.85 for both). In contrast to 
. Corona, the angiographers systematically overes- 
_timated the magnitude of stenoses in the interme- 
diate (50 to 75%) range. Corona markedly im- 


A leading problem with conventional coronary angiog- 
raphy is that intraobserver and interobserver variability 
of subjective interpretation of stenosis severity is 
high.'-? Although automated measurement of stenosis 
by digital processing has the potential to decrease ob- 
server variability, 2 important questions must be re- 
solved before such a program is developed. First, 
transformation of a cineangiographic image to a digi- 
tized format carries the risk of loss of resolution, which 
can cause errors in evaluation of stenosis. Second, there 
„are no data that establish the superiority of automated 
processing in reducing intraobserver and interobserver 
variability for the specific task of quantifying percent 
stenosis. The goals of this study were to determine the 
effect of digitizing cine film images upon the visual es- 
timation of stenosis severity and to assess the impact 
of computer-assisted measurement on the reproduc- 
ibility and accuracy of interpretation. 
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proved intraobserver (p <0.005) and interobserver 
(p <0.001) reproducibility. Corona less frequently 
misclassified individual observations than did film 
when categories of less than 50%, 50 to 75% and 
more than 75% diameter stenosis were used (3.7 96 
vs 31.5 76, p 0.001). Our results suggest that dig- 
itization of a coronary angiogram in a 512 X 512 
matrix has no significant adverse effects on the 
perception and quantification of stenosis by an- 
giographers. Additionally, automatic measurement 
of coronary stenosis has 2 major advantages: It is 
accurate compared with a group of experienced 
angiographers and for the practical purpose of 
clinical decision-making, it eliminates intraobserver 
and interobserver variability. 


(Am J Cardiol 1985;56:718-723) 


Methods 


Data base: Single-frame images of 36 coronary stenoses 
were obtained from 11 patient cineangiograms. Stenoses with 
0 to near 100% luminal diameter narrowing were selected. Five 
stenoses were in the left main artery, 10 were in the left an- 
terior descending artery, 7 were in the left circumflex artery 
and 14 were in the right coronary artery. No selection was 
made with regard to the timing of the frame within the cardiac 
cycle, the projection, film quality, or whether stenoses were 
discrete, part of a diffusely diseased artery, concentric or 
eccentric. 

Digital images were obtained by viewing each single-frame 
cine film image with a television camera (RCA 1005 Vidicon), 
which served as input to an ADAC 4100C digital angiography 
system. Digital images were acquired in a 512 X 512 pixel 
matrix format with 256 gray levels of intensity, without 
magnification, contrast enhancement or filtering. 

Image analysis: Quantification of percent diameter ste- 
nosis was performed by 4 experienced angiographers using 3 
different methods: visual estimation from both cine film (film) 
and digital images (digital) and digital caliper measurement 
from digital images. Each angiographer evaluated percent 
diameter stenosis of all 36 lesions independently on 9 separate 
occasions, 3 times for each of the 3 methods (total of 1,296 
readings). The general region of the coronary artery which 
included the stenosis to be analyzed was denoted by an arrow 
on a celluloid overlay. The angiographers received no in- 
structions other than to visually estimate percent diameter 
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FIGURE 1. Demonstration of Corona. Both panels show 
the television monitor picture of the same digital coronary 
image acquired from cine film. The angiographer has 
placed and adjusted a line segment across what he 
considers to be the normal artery diameter (left) and the 
maximally stenotic diameter (right). Percent diameter 
stenosis is calculated automatically from the lengths of 
these segments. 


narrowing. Film images were presented on a Vanguard rear 
projection system. Digital images were viewed on an Ikegame 
17-inch black/white monitor. The angiographers were allowed 
to adjust the light intensity on the film projector and the 
brightness and contrast controls on the television monitor. 
Reading sessions were held at least 1 week apart and the se- 
quence of stenoses and the reading format were varied. 

For computerized analysis of coronary stenosis, we devel- 
oped an interactive computer program, which we named Co- 
rona (Fig. 1). Corona first magnifies the stenosis region 2 times 
without changing the gray scale. Using a light pen and key- 
board, the angiographer is then prompted to place 2 cursor 


y points across what he considers to be the normal artery di- 


ameter and repeats this procedure for the region of maximal 
coronary narrowing. The length of each diameter segment can 
be resolved to 1 pixel. Each pixel represented between 0.22 and 
0.46 mm, depending on the magnification of the radiographic 
imaging system. Percent diameter stenosis was calculated as 
the diameter across the region of maximal narrowing divided 
by the diameter of the normal segment. Location of the normal 
and stenotic regions were determined by the angiographer and 
no additional image processing was permitted. 

To assess the accuracy and reproducibility of Corona 
measurement compared to objects of known dimension, we 
produced a digital radiographic calibration image of a phan- 
tom consisting of 6 drill rods ranging in diameter from 1.02 to 
9.99 mm. These rods were positioned with their long axes in 
a radial arrangement and were imaged at 70 kVp, 300 mA with 
a 6-ms exposure using a 6-inch image intensifier. All 4 an- 
giographers used Corona on 3 occasions to evaluate the di- 
ameter in pixels of each phantom object. No correction for 
image pincushion distortion was made and no instructions 
were given regarding where to measure the test objects. 

Data analysis: Comparisons for relative accuracy between 
the 3 methods of quantifying percent stenosis were made by 
linear regression analysis.® 

Intraobserver and interobserver reproducibility of each 
method was quantified by computation of estimated intraclass 
correlation coefficients. Intraclass correlation coefficients were 
calculated from a 1-way analysis of variance for repeated 
measures.2:!° These coefficients can range from 0 to 1.0 and 
approaches 1.0 as the agreement between interpretations 
improves. The intraclass correlation coefficients for in- 
traobserver and interobserver reproducibility for each method 
were compared using Fisher’s Z transformation and chi-square 
statistics. !! Throughout the text, pairwise testing be- 
tween methods (p values) have been adjusted for multiple 
comparisons. 

To assess the potential impact of computerized analysis on 
clinical decision-making, the frequency with which an indi- 
vidual reading misclassified stenoses was compared for each 
method. Stenoses were categorized as less than 50%, 50 to 75% 
and more than 75% diameter narrowing, based on the mean 
value of the 12 readings determined with each of the 3 
methods. 








Results 3 

Phantom validation: Corona analysis of the cali- — - 
bration image showed a strong linear correlation be- | 
tween the mean observed diameter vs the true diameter — — 
of the 6 test objects [Observed(pixels) = 3.3 X Ju 
True(mm) + 0.3; r = 0.99]. Thus, each pixel represented —— | 
0.8 mm, which was within the range expected in the 7 
clinical images. Additionally, the variability of Corona - 
measurements was small; more than 95% of observations — 
were within 1.2 pixels of the mean for each object. 
Therefore, variability closely approached the spatial 
resolution of the entire imaging system. 

Method comparisons: To establish that the 3 — - 
methods exhibited broad agreement as measurement ¥ 
techniques, the mean percent luminal diameter nar- E 
rowing for all 36 stenoses was determined. For film — - 
images the mean (+ standard deviation) diameter ste- y 
nosis was 59.1 + 22.7%. This was not significantly dif- 
ferent from the mean percent stenosis determined by | 
the digital or the Corona methods: 60.8 + 25.6% and 55.5 - 
+ 21.3%, respectively. L 

Figure 2 is a comparison of the mean percent stenosis k 
for visual estimation of individual lesions displayed by — 
digital and film methods. These 2 methods showed a — 
strong linear correlation (r = 0.93) and the regression — - | 
equation (y = —1.0 + 1.0x) did not differ statistically 
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FIGURE 2. Scatter plot comparing the mean reading for each stenosis E 
as estimated from digital images and cine film images. ES 
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FIGURE 3. Scatter plot comparing the mean reading for each stenosis 
as measured by Corona with visual estimation from cine film. 


from the line of identity. Thus, the accuracy of the in- 


_ terpretation of digital images using conventional film 
. reading as a standard, was high. Agreement between the 


2 methods for a given stenosis was good; 9796 of stenoses 
read from digital images agreed with film reading within 


_ 18% diameter stenosis. These data suggest that digi- 
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tization of film images had no systematic effect on the 
visual estimation of stenosis severity. 

Figure 3 shows the comparison of Corona to film 
reading. Although the correlation coefficient was r — 
0.85, the regression line was significantly different from 
the line of identity (y = 8.4 + 0.8x, p <0.05). A system- 
atic difference was found between the 2 methods: ste- 
noses between 50 and 75% by Corona were interpreted 
to be more severe on film in 12 of 17 instances. 

Comparisons between Corona and digital images 
revealed similar systematic differences (r = 0.91, y —93 
+ 0.8x). This latter result suggests that the method 
of quantification, rather than the process of image 
digitization, was responsible for the systematic 
differences. 

Reproducibility: Figure 4 demonstrates the spread 
of all observations, for each method of quantifying 
stenosis. Variability in the visual estimation of both film 
and digital images was substantial: the average standard 
deviation per stenosis were 12.6 and 10.7%, respectively. 
This variability was greatest between 50 to 75% stenosis. 
The largest difference in subjective interpretation of an 
individual stenosis was 0 vs 95%. In comparison, the 
variability of stenosis measurements using Corona was 
narrow. The mean standard deviation was 3.8% and 
variability was evenly distributed for stenoses of all 
severities. 

An example of intraobserver variability is shown in 
Figure 5. The spread of the 3 interpretations for each 
of the 36 stenoses by observer 2 is shown for his film and 


FIGURE 4. Distribution of individual observations (plus 
signs) for each stenosis by film, digital and Corona 
methods (A, B and C, respectively). Stenoses are ranked 
by mean severity. The sum of plus signs per vertical 
column appears less than 12 where readings coincide. 
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Corona readings. The results are typical of all 4 ob- 
servers in 2 respects. First, Corona interpretations 
displayed much less variability. Second, for subjective 
film interpretation, variability was greatest for stenoses 
of moderate severity, whereas with Corona, variability 
was evenly distributed. 

The differences in intraobserver reproducibility, as 
quantified by intraclass correlation coefficients, are 
shown in Table I. For each angiographer, the intraclass 
correlation coefficients for stenoses evaluated by Corona 
was greater than that for film. Since no significant dif- 
ferences between angiographers were found, we used 
mean intraobserver intraclass correlation coefficients 
as a composite index of intraobserver reproducibility. 
The difference between film and Corona methods was 
highly significant (p <0.005). 

Figure 6 shows the interobserver variability by ste- 
nosis from film and Corona readings. The mean of each 
angiographers 3 readings per stenosis are plotted for 
each method. For film readings, observer 1 consistently 
overestimated the severity of stenoses in relation to the 
other angiographers. Despite the tendency to improve 
interobserver agreement by comparing angiographer's 
mean readings, rather than first readings, film readers 
disagreed on stenosis severity by more than 20% for 25 
of the 36 stenoses. In comparison, when the same 
readers used digital quantification with Corona, they 
agreed within 10% for all 36 stenoses and there was no 
systematic differences between individual angiogra- 
phers. Interobserver reproducibility as assessed by in- 
traclass correlation coefficients was significantly greater 
for Corona than for film (0.97 vs 0.76, p «0.001). 

Clinical classification: To assess the clinical sig- 
nificance of differences in interpretation of the severity 


A 








TABLE! intraobserver Reproducibility 
Observer 1 2 3 4 
NN BS ee eee 
Film 0.88 0.79 0.88 0.86 j 
Corona 0.98 0.96 0.98 0.98 


Assessment of intraobserver reproducibility by estimated intraclass 
correlation coefficients. Reproducibility improves as coefficients ap- 
proach 1.0. 


of stenosis, each stenosis was categorized as less than 
50%, 50 to 75% and more than 75% stenosis, based on its 
mean value for the same method of interpretation. An 
individual interpretation was then defined as a mis- 
classification if it did not fall in this category. Figure 7 
shows the frequency of misclassification for each 
method of interpretation. Stenoses were misclassified 
significantly less often with Corona (3.7%) than with 
visual estimation from Digital (26.4%) or film (31.5%) 
images (p <0.001 for both comparisons). This pat- 


tern was consistent within each category of stenosis. 


severity. 


Discussion 
A leading problem with coronary angiography is the 


high intraobserver and interobserver variability of — 


subjective interpretation of stenosis severity. As in our 
study, Bjork et al! reported complete agreement be- 
tween 4 observers in only 37% of coronary angiographic 
interpretations, and in 40% of the observations, vari- 


ability was greater than 20%. This lack of agreement in 


the subjective interpretation of coronary angiograms 
has been repeatedly confirmed.?-9 Poor reproducibility 
may cloud the relationship of coronary anatomy with 
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FIGURE 6. Distribution of interobserver variability for film (A) and Corona (B). Each symbol represents the mean of 3 readings by each 


observer. 


prognosis in important clinical investigations. For ex- 
ample, in the Coronary Artery Surgery Study (CASS), 
interobserver disagreement between normal and more 
than 50% diameter narrowing occurred in 15% of the 
coronary arteries studied.” Interobserver reproducibility 
may be improved by the use of broad categories!?; 
however, Galbraith et al6 found an 18% misclassification 
rate using the broadest possible categories (greater or 
less than 50% diameter stenosis). Although a potential 


. solution may be to use consensus readings, Galbraith 


et al found that when misclassification occurred, the 


same error was made by at least 2 of the 3 observers in 


more than 50% of the cases. These data establish the 


. need for a simple, less subjective, more reproducible 


technique for quantifying coronary stenosis severity. 
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Digital image processing has the potential to sharply 
reduce the variability demonstrated in subjective in- 
terpretations. However, there are insufficient data es- 
tablishing that automatic processing increases either 
the reproducibility or accuracy of interpretation, or that 
the magnitude of the improvement obtainable would 
have any importance in clinical practice. Additionally, 
the procedure has a major theoretical limitation: 
Compared with the tiny grains of photographic film, an 
individual digitized picture element is large. There is 
potential for both loss of image resolution and for 
measurement errors. Measurement errors can be com- 
pounded by expressing coronary diameters as a ratio. 
One major goal of this study was to determine whether 
a conventional 512 X 512 digital pixel matrix caused 


FIGURE 7. Frequency of misclassification by each 
method. Each stenosis was categorized as less than 
50%, 50 to 75% and more than 75% according to the 
mean of 12 readings for each method. Bars represent the 
frequency with which misclassification of an individual 
reading occurred for each method. For each category, 
Corona less often misclassified stenoses in comparison 
to film or digital methods (p «0.0 1). 
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significant loss of image resolution for the specific task 
of quantifying stenosis. 

Effect of digitization on subjective interpretation 
of stenosis severity: Our data suggest that coronary 
angiographic images that are digitized in a 512 X 512 
pixel matrix are equivalent to cine film for routine 
clinical use. Direct comparison of film to digital inter- 
pretations showed no significant differences. Also, 
we found that digitization of images before interpre- 
tation had no adverse effects on either reproducibility 
or the rate of clinical misclassification. 

The ability of an imaging technique to delineate 
coronary stenosis depends both on its spatial and con- 
trast resolving powers. Although the spatial resolution 
of film is 2- to 3-fold greater than a 512 X 512 digital 
image, its contrast resolution is fixed. Manipulation of 
television brightness and contrast allows the an- 
giographer additional flexibility. For practical purposes 
a 512 X 512 pixel matrix appears to be adequate for 
assessing the severity of coronary stenosis. This is im- 
portant because higher resolution digital images require 
more new equipment and software, slow down image 
acquisition, processing and display rates, and create the 
need for much larger storage capacity. 
^A Accuracy of digital caliper systems: Computer- 
assisted quantitation of coronary stenosis was first es- 
tablished by Brown et al!?4 as both accurate and re- 
producible in validation studies with x-ray phantoms 
and postmortem specimens. This method is time con- 
suming and requires cumbersome projection equip- 
ment. Scoblionko et al!° developed an electronic caliper 
that can be applied directly on projected cine film im- 
ages and produces measurements of percent diameter 
stenosis that correlate quite well with the method of 
Brown et al. Similar to the results of our study, Scob- 
lionko et al!ë found that conventional film reading 
consistently overestimated stenoses in the 50 to 75% 
range. Because the actual magnitude of percent diam- 
eter stenosis of the arteries in our study were unknown, 
we can only infer from our phantom data that under 
controlled conditions, Corona measurements are ac- 
curate within 0.3 mm. Absolute measurement of coro- 
nary artery diameter is a complex issue because of un- 
resolved anatomic and technical imaging problems. We 
did not intend in this study to address the accuracy of 
coronary diameter measurements other than by dem- 
onstrating that Corona measurements are comparable 
to other caliper techniques. In fact, Corona eliminates 
parallax, improves contrast flexibility, facilitates fine 
caliper adjustment and ease of caliper placement, which 
are potential advantages over electronic caliper methods. 

Effect of digital processing on reproducibility: 
Digital caliper quantification of coronary stenosis sig- 
nificantly improved intraobserver and interobserver 
reproducibility. We confirmed the findings of investi- 
gators who showed that subjective interpretation of 
coronary stenosis severity is highly variable.!7? Although 
intraobserver and interobserver variability for subjec- 
tive methods were largest for stenoses of moderate 
severity, with Corona, both intraobserver and in- 
terobserver variability were narrow and uniform- 
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ly distributed, without relation to the severity of 
stenosis. 

Assessment of percent diameter stenosis requires 
localization of the maximally stenotic segment and the 
normal region for comparison, perception of the luminal 
edges, and quantification of these subjective evalua- 
tions. Reproducibility may be affected by variability in 
each of these steps. Digital caliper measurement most 
certainly reduces quantification error but may addi- 
tionally improve localization and edge detection vari- 
ability by forcing the angiographer to evaluate stenoses 
in a more systematic manner. 

Digital quantification made clinical classification 
more reliable. When we categorized stenoses into the 
commonly used clinical groupings of less than 50%, 50 
to 75% and more than 75% diameter narrowing, 32% of 
the individual subjective readings of cine film images 
were misclassified. In contrast, the misclassification 
frequency using Corona was only 3.7%. 

For practical application, digital image processing 
and quantification was both simple and efficient to use. 
Once an image is displayed, the entire processes of di- 
gitization and quantification takes approximately 30 
seconds per stenosis. The information is stored on 
computer disk and incorporated into a software driven 
automatic clinical report. Total analysis time per pa- 
tient is thus comparable to conventional film reading 
plus report dictation. 
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Comparison of Buccal Nitroglycerin and Oral Isosorbide 
Dinitrate for Nitrate Tolerance in Stable Angina Pectoris 


JOHN O. PARKER, MD, KAREN A. VANKOUGHNETT, RN, and BERNICE FARRELL, RN 





Sixteen patients with chronic stable angina pectoris 
were studied to compare the hemodynamic and 
antianginal effects of buccal nitroglycerin (GTN) in 
a dose of 3 mg administered 3 times daily and oral 
isosorbide dinitrate (ISDN) in a dose of 30 mg ad- 
ministered 4 times daily. Compared with placebo, 
both oral ISDN and buccal GTN treatment induced 
a decrease in systolic blood pressure at rest over a 
5-hour period during acute but not during sustained 
therapy. Neither buccal GTN nor oral ISDN modified 
the changes in systolic blood pressure during ex- 
ercise. Both treatment programs were associated 
with a higher exercise heart rate during acute 
therapy. During sustained treatment with buccal 
GTN, the heart rate during exercise remained 
greater than that during placebo throughout the 5- 


Isosorbide dinitrate (ISDN) is a useful antianginal 
agent, but its effects are attenuated during sustained 
oral therapy.'? Recent studies have shown a similar 
phenomenon with transdermal ISDN? and nitroglycerin 
(GTN).4 Reversal of hemodynamic tolerance to oral 
ISDN has been found after a short washout period,” and 
it has been suggested that intermittent nitrate therapy 
may be preferable in the management of angina pec- 
toris. Buccal GTN, like sublingual GTN, produces 
major hemodynamic effects within 60 to 90 seconds of 
administration® and provides protection against angina 
for as long as the buccal tablet is in place, usually 4 to 
6 hours. The present study compares the hemodynamic 
and antianginal efficacy of buccal GTN and oral ISDN 
during acute and sustained therapy. The study design 
permitted assessment of the development of tolerance 
during therapy with these 2 antianginal agents. 


Methods 


Sixteen patients (14 men, 2 women), aged 50 to 68 years 
(average 60.5), with chronic, stable angina pectoris completed 
this study. Each patient had classic angina pectoris and had 
a positive treadmill exercise test response, which included the 
development of angina associated with ischemic ST-segment 
depression (flat or downsloping ST segments of at least 1 mm 
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hour test period, but during treatment with oral ISDN, 
only the exercise heart rate at 1 hour was greater 
than that seen with placebo. Treadmill walking time 
to the onset of angina and to the development of 
moderate angina increased significantly during 
acute therapy with both buccal GTN and oral ISDN. 
The clinical efficacy of buccal GTN was maintained 
after 2 weeks of 3-times-daily therapy. In contrast, 
during 4-times-daily therapy with oral ISDN, tread- 
mill walking time was prolonged for only 1 hour after 
drug administration. This investigation indicates that 
tolerance develops during 4-times-daily therapy with 
oral ISDN, but 3 times daily therapy with buccal 
GTN is not associated with diminished antianginal - 
effects. 

(Am J Cardiol 1985;56:724-728) 


for 80 ms after the J point). The diagnosis of coronary artery 
disease was confirmed by a history of myocardial infarction 
or by angiographic demonstration of significant coronary ar- 
tery disease. No patient had cardiomegaly, heart failure, 
valvular disease, hypertension or heart disease other than 
coronary artery disease and none was taking digitalis glyco- 
sides, 6-blocking agents, calcium antagonists or nitrates other 
than sublingual GTN. Before entering the definitive study, 
the patients underwent repeated treadmill exercise testing, 
using the Bruce protocol to familiarize them with the proce- 
dure and to determine whether the exercise end point was 
reproducible. The time to the onset of angina (P1) was noted 
and patients were asked to continue exercise until angina was 
of moderate severity (P5). During treadmill testing, systolic 
blood pressure was recorded at the end of each exercise stage 
and at P, and P». The CASE Marquette system was used 
during exercise testing; this system provided data relating to 
heart rate and ST-segment changes. Over several days, pa- 
tients exercised on 3 or 4 occasions until the end point (P5) was 
reproducible within 90 seconds. Patients whose test results 
were reproducible and whose total exercise duration was 
shorter than 9 minutes were considered eligible for this in- 
vestigation. When reproducibility had been established, ex- 
ercise testing was carried out 5 minutes after the adminis- 
tration of 0.4 mg sublingual GTN. Patients were considered 
to be nitrate responders if the time to P» was increased by 60 
seconds after GTN. Patients entered the definitive investi- 
gations when they had reproducible angina pectoris and re- 
sponded to nitrate therapy. 

Definitive investigations (Fig. 1): This was a double- 
blind, placebo-controlled, crossover study in which patients 
were assessed during therapy with buccal GTN and oral 
ISDN. The study was initiated by a 1-week, single-blind pe- 
riod, during which patients received both placebo buccal GTN 
and placebo oral ISDN. The oral tablets were administered 
4 times daily (0700, 1200, 1700 and 2300 hours) and the buccal 
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tablet 3 times daily (0700, 1200 and 1700 hours). The buccal 
tablet was placed against the gum above the upper incisor 
teeth and patients were instructed not to manipulate this with 
their tongue or finger. If the tablet dissolved before the next 
scheduled application, they were told to replace the tablet. At 
the next scheduled dose, the remaining tablet was removed 
and a new one was placed. Any residual tablet remaining at 
9300 hours was removed. On the seventh day patients came 
to the laboratory without taking their scheduled morning 
medications and exercise testing was carried out. Patients then 
received both placebo medications and exercise testing was 
carried out after 1, 3 and 5 hours. At 5!/; hours, 0.4 mg sub- 
lingual GTN was administered and exercise testing was car- 
ried out after 5 minutes. Patients took their regularly sched- 
uled medication for the rest of that day. 

The next morning exercise testing was carried out and then 
the patients received their first dose of active medications, 
either oral ISDN (30 mg) or buccal GTN (3 mg) and the al- 
ternate placebo. Exercise testing was carried out after 1, 3 and 
5 hours. Patients continued to receive active therapy for 2 
weeks. The first 3 days was a titration phase, during which 
patients received either ISDN, 10 mg 4 times daily, and pla- 
cebo buccal GTN 3 times daily, or buccal GTN, 1 mg 3 times 
daily and placebo ISDN 4 times daily. During the next 3 days, 
the dose of ISDN was increased to 20 mg or the buccal GT'N 
to 2 mg. Patients subsequently received the full dose of either 
- ISDN, 30 mg, or buccal GTN, 3 mg with alternate placebos 
for a period of 8 days. Thus, all patients received active ther- 
apy with either ISDN or buccal GTN for a period of 2 weeks. 
On day 14, patients came to the laboratory without taking the 
morning medications and underwent exercise testing. The 
morning medications were then administered and exercise 
testing carried out at 1, 3 and 5 hours. At 5!/; hours the patient 
was given 0.4 mg of sublingual GTN and exercise testing 
carried out 5 minutes later. 

After this first active treatment phase, the patient entered 
another 1-week, single blind, double-placebo period. On the 
seventh day, exercise testing was carried out. The patients 
then entered the final 2-week active treatment phase. This was 
identical to the initial active treatment phase, but the alter- 
nate active medications and placebos were administered. 
Testing was again performed at the time of the initial dose of 
medication and after 14 days of therapy. 


Results 


For data analysis, the values at each time period 
during placebo, ISDN and buccal GTN therapy were 


corrected for corresponding baseline values (i.e., time 
0). To assess the effects on days 1 and 14, comparisons 
were made with the corresponding placebo day. For the 
analysis of the treatment effects on days 1 and 14, paired 
t tests were used. To test for tolerance, the difference 
between day 1 and day 14 was compared for buccal 
GTN and oral ISDN. 

Rest hemodynamics (Table I): During placebo 
therapy there were no differences in heart rate and 
systolic blood pressure at rest during the study period, 
and the values during the placebo days were compara- 
ble. Sublingual GTN treatment produced the expected 


decrease in systolic blood pressure and increase in heart . 


rate when administered at the end of the study periods 
(p «0.001). On day 1 buccal GTN significantly lowered 
systolic blood pressure at rest throughout the study 


, period (p «0.05), but on day 14, the values at rest 


throughout the study period were not significantly 
different from placebo values. The heart rate at rest 
after buccal GTN treatment was higher on day 1, but 
on day 14 only the value at 3 hours was significantly 
greater than that during placebo treatment (p «0.01). 
On day 1, ISDN produced a significant decline in the 
systolic blood pressure at rest (p <0.05) and an increase 
in heart rate (p «0.05) throughout the 5-hour study 
period, but on day 14 the changes were not significantly 
different from placebo. 

Exercise hemodynamics (Table I): The systolic 
blood pressure and heart rate at the end of exercise were 
similar during placebo therapy throughout the 5-hour 
study period, and there were no differences between the 
placebo days. Neither buccal GTN nor oral ISDN had 
significant effects on systolic blood pressure during 
exercise over those seen with placebo. Compared with 
placebo, the heart rate at the end of exercise during 
therapy with buccal GTN was greater throughout the 
study period both on day 1 and day 14. In contrast, 
however, after ISDN administration on day 1, the heart 
rate at 1 and 3 hours was significantly greater than 
placebo (p <0.01), but on day 14, only the heart rate 
at 1 hour exceeded that during placebo treatment 
(p «0.05). 

Exercise testing (Table II, Fig. 2 and 3): Treadmill 
walking time was similar during the 5-hour study period 
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FIGURE 1. Study design. Arrows indicate exercise testing. B-GTN = buccal nitroglycerin; ISDN = isosorbide dinitrate; TET = treadmill exercise 
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with placebo therapy and no differences were noted 
between placebo days. In comparison to placebo, time 
to P, and P» was significantly prolonged at 1, 3 and 5 
hours after buccal GTN on day 1 and day 14 (p <0.05). 
Oral ISDN produced a marked improvement in exercise 
time on day 1 for both P; and P» over 5 hours (p <0.01), 
and there were no differences from the values with 
buccal GTN administration. As with buccal GTN, the 
improvement in walking time was most marked after 
1 hour and lesser effects were seen at 3 and 5 hours. In 
contrast to the improvement on day 1, the response was 
markedly attenuated during sustained therapy. On day 
14, exercise time to P, was improved at 1 hour (p <0.01), 
but the values at 3 and 5 hours were similar to placebo. 
Similarly, time to P» was significantly greater than 
placebo at 1 hour (p <0.05) and no effect was seen at 
3 and 5 hours: The walking time 1 hour after dosing 
during sustained therapy with ISDN was significantly 
less than that seen at 1 hour on day 1 (p «0.01). 

ST-segment depression at P» was similar during 
placebo therapy and on days 1 and 14 of ISDN and 
buccal GTN therapy. The time to 1 mm of ST-segment 
depression was longer at 1 hour on day 1 and day 14 with 

buccal GTN than with placebo (p «0.01). The time to 
^" 1mm of ST-segment depression was prolonged 1 and 
3 hours after oral ISDN on day 1 (p «0.05) and at 1 hour 
on day 14 (p «0.05). 


Discussion 


Tolerance to the vascular effects of the nitrates has 
long been recognized, and in animal studies have shown 
that the hypotensive effect of organic nitrates is rapidly 
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FIGURE 2. Treadmill walking time (TWT) to the development of mod- 
erate angina (P2) during placebo therapy, after the first dose of 3 mg 
of buccal nitroglycerin (B-GTN 3 mg (1)) and after the same dose on day 
14 (B-GTN 3 mg (14)). The response to sublingual GTN (GTNg,) is shown. 
Values represent mean + standard error of the mean (SEM). TWT was 
significantly prolonged over placebo (p <0.01) at each testing time 
during acute and sustained therapy. 
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attenuated during short periods of administration.^9 ^ 


Munition workers exposed to nitrates in their envi- — 
ronment often developed vascular headaches, but . 
within a few days these cleared without therapy? 
Workers soon learned that tolerance disappeared rap- — 
idly, and a weekend out of the factory environment was — - 


sufficient to lead to severe headaches on return to work. | i | 


This “Monday headache” signaled the return of normal  . 


vascular responsiveness to the organic nitrates. To — - 


prevent this loss of tolerance, some workers applied . 
nitrates to their skin during the weekend to prevent — . 
such troublesome symptoms. | M 


Although tolerance is recognized, its relevance to the - A | 
antianginal effects of the organic nitrates is controver- ^ 


sial. Danahy and Aronow!? and Lee et al!! failed to — — 
demonstrate a reduction in the antianginal effects of — 


oral ISDN after 1 to 5 months of therapy with 120to 160 — — 
mg given in 4 divided daily doses. Likewise, Reicheket 


ali? failed to show a diminution of antianginal effects — - 


during sustained therapy with GTN ointment. Studies — 


from our laboratory have shown that antianginal effi- — 
cacy is reduced in magnitude and duration during sus- j 


tained ISDN therapy-? Thus, with initial ISDN dosing, — 


walking time was prolonged for up to 8 hours, but when 


similar doses were administered 4 times daily for 1 week, E 


the improvement in walking time was reduced in mag- — . 


nitude and protection was reduced to 2 hours.? These | 


observations have been confirmed in subsequent studies _ 
and it is now well established that during short-term, — 
4-times-daily ISDN therapy, exercise time is not in- 


creased beyond 1 to 2 hours after a dose.!?.* E 
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FIGURE 3. Treadmill walking time (TWT) to the development of mod- | 
erate angina (P2) during placebo therapy, after the first dose of 30 mg — 
of isosorbide dinitrate (ISDN 30 mg (1)) and after the same dose on day 
14 (ISDN 30 mg (14)). The response to sublingual GTN (GTNs, ) is shown. 
Values represent mean + standard error of the mean (SEM). TWT was — 
significantly prolonged over placebo (p <0.01) at each testing time — 
during acute therapy. During sustained therapy, only the 1-hour value — 
was greater than the placebo value (p «0.0 1). Es 


Wer 


* 


m DE d acu cd yu tfe E MeL 


E... f P as 


728 NITHATF 1 at nd 
feo NITRATE TOLEF i i —— 
VY TESTA, S sm T P Jede 7 BE- em eae cal (fe um as 
es 12r ia Ms , =? , " f —- 
P y - =A | 4) T, E ud `% ^ s y y ya ur fe p up 
z qs v f ‘ ) VAM a uA r= 





a E 


SPITS 


TLE mpg 


TANG | p \ 3 
> 


fts A " 


The attenuated antianginal effects of ISDN have also 


. been shown in a study with transdermal ISDN.? When. 
. active ISDN was initially applied, exercise time was 
. prolonged for 8 hours. However, when applied once 
. daily for 7 to 10 days, walking time was similar to that 
.. with placebo. Similarly, transdermal GTN patches in- 
-~ creased treadmill walking time 2 and 4 hours after the 
. initial application, but during once-daily application for 


7 to 10 days, the effects were indistinguishable from 


.. placebo therapy.* These studies suggest tolerance to the 


antianginal effects of the nitrates during relatively short 


~ periods of regular therapy. 


Although nitrate tolerance develops rapidly, there is 


. evidence to suggest that tolerance is also rapidly re- 
= versible. We studied the blood pressure response to 
- sublingual ISDN before and during short-term therapy 

with oral ISDN.? Attenuation of the hypotensive effect 
. of sublingual ISDN occurred within 18 hours of initia- 
_ tion of oral ISDN therapy every 6 hours. Similarly, when 
_ oral ISDN was replaced with placebo, the normal hy- 
. potensive response to sublingual ISDN returned in less 
. than 20 hours. The experimental design did not permit 
. the assessment of the earliest time at which the reversal 
of this reduced effect occurred. Such rapid reversal of 
nitrate tolerance suggests that intermittent nitrate 


therapy might be preferable to the administration 
schedules that are designed to produce steady-state ni- 
trate levels. Indeed, a recent study with once-daily 


therapy with sustained release oral ISDN reported 


no tolerance.!^ 
The present study confirmed that 4-times-daily 


_ therapy with ISDN is associated with marked attenu- 


ation of its effects. Thus, walking time was prolonged 


for only 1 hour after a dose during sustained therapy. 


In contrast, buccal GTN administered 3 times daily was 
not associated with diminished clinical efficacy after 2 
weeks of therapy. Is this difference related to differences 
between ISDN and GTN or to the different dosing 


. Schedule? No studies have been directed at the question 
of attenuated antianginal effects of GTN except for that 


of Reichek.!? With GTN ointment in a group of 6 pa- 


tients, he found no diminution of antianginal efficacy 


during sustained 3-times-daily application. If the 
present study had been carried out with similar dosing 


. Schedules, attenuated antianginal effects might have 


been seen with buccal GTN as well as with ISDN. Our 


. current knowledge of the metabolism of the organic 


* 
M 
| 
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nitrates and the biochemical basis for their vasodila- 


tation suggests that ISDN and GTN have similar 
. mechanisms of action. Thus, it is unlikely that tolerance 
would develop to one of these agents and not the other, 


except through different dosing schedules. 
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With increasing evidence that 4-times-daily therapy 
with ISDN is associated with attenuation of hemody- 
namic and antianginal effects, dosing intervals must be 
studied. With the demonstration that relatively short 
nitrate-free periods are associated with the return of the 
normal hemodynamic effects of ISDN, one could pos- 
tulate that 4-times-daily therapy is not appropriate for 
the management of angina. Thus, perhaps oral nitrates 
should be given 2 or 3 times daily with a washout period 
to prevent the development of tolerance. This hypoth- 
esis is supported by the recent study from Germany, 
where once-daily oral therapy with a sustained-release 
form of ISDN showed no attenuation of antianginal 
efficacy.!5 

The development of tolerance to the antianginal ef- 
fects of nitrates during 4-times-daily oral ISDN therapy, 
with long-acting ISDN cream and transdermal GTN 
patches raises important questions. Is it desirable to use 
nitrates in a manner in which therapeutic plasma levels 
are present throughout a 24-hour period? Apparently, 
intermittent therapy with a period of nitrate washout 
may be preferable and may prevent attenuation of the 
beneficial effects of the organic nitrates. 
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Once-a-day 


MAXZIDE 


Triamterene 75 mg /Hydrochiorothiazide 50 mg /Lederie 





SUPERIOR DRUG DELIVERY AND ABSORPTION — 
TABLET TO TABLET, PATIENT TO PATIENT 


MAXZIDE is optimally bioavailable and consistently delivers the 
prescribed dose of 75 mg triamterene and 50 mg hydrochlorothiazide. 
Dyazide®,* on the other hand, exhibits poor bioavailability. When given in 
equivalent doses, Dyazide delivers approximately half the amount of 
hydrochlorothiazide as MAX ZIDE. a two Dyazide capsules deliver 
less than half the amount of triamterene as one MAXZIDE tablet. 
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‘Data from a study of 24 subjects. *Data from two studies of 24 subjects cach. 


PHydroDIURIL is the registered trademark of Merck & Co., Inc., for 
hydrochlorothiazide. 
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PROVIDES OPTIMAL ABSORPTION OF 
75 MG TRIAMTERENE/ 


50 MG HYDROCHLOROTHIAZIDE 


A CLINICALLY SAFE AND EFFECTIVE ALTERNATIVE IN 


POTASSIUM-SPARING ANTIHYPERTENSIVE THERAPY 
FOR PATIENTS ON HYDROCHLOROTHIAZIDE WHO DEVELOP HYPOKALEMIA 
FOR NEWLY DIAGNOSED PATIENTS IN WHOM THE DEVELOPMENT OF 
HYPOKALEMIA CANNOT BE RISKED 
FOR PATIENTS TRANSFERRED FROM DYAZIDE 

In a transfer safety study, patients taking up to four Dyazide capsules daily 
were effectively transferred to MAXZIDE q.d. with no compromise in 
clinical condition.’ 


- PROVEN FORMULATION MAXIMIZES POTASSIUM- 
SPARING EFFECT OF TRIAMTERENE 


In a clinical dose-response evaluation, 75 mg triamterene daily most 
operi corrected the hypokalemic effect of repeated daily doses of 
50 mg hydrochlorothiazide. 


Dose- -response evaluation of triamterene's 
potassium-sparing activity in patients? 
rendered hypokalemic with long-term daily 
doses of 50 mg hydrochlorothiazide 


Ordinarily, triamterene does not entirely reverse the kaliuretic effect of hydrochlorothiazide. 
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Once-a-day 


MAXZIDE 


Iriamterene 75 mg/Hydrochlorothiazide 50 mg/Lederle 





ECONOMICAL, ONCE-A-DAY POTASSIUM-SPARING 
ANTIHYPERTENSIVE THERAPY 


BRIEF SUMMARY 
Please see package insert for full prescribing information. 
INDICA AND USAGE: MAXZIDE is indicated for the treatment of hypertension 


or edema in patients who develop ipponaremie on hydrochlorothiazide alone. It is 
also indicated for those patients who require a thiazide diuretic and in whom the 
development of hypokalemia cannot be risked (e.g., patients on digitalis prepara- 
tions or with a history of cardiac arrhythmias, etc.). This fixed combination drug is 
not indicated for the initial therapy of edema or hypertension except in individuals 
in whom the development of lemia cannot be risked. MAXZIDE may be used 
alone or in combination with other antihypertensive drugs such as beta-blockers. 
Since MAXZIDE may enhance the actions of these drugs, dosage adjustments may 
be necessary. Usage in Pregnancy: The routine use of diuretics in an otherwise 
healthy woman is inappropriate and exposes mother and fetus to unnecessary haz- 
ards. Diuretics do not prevent development of toxemia in pregnancy, and there is no 
satisfactory evidence that they are useful in the treatment of developed toxemia. 
CONTRAINDICATIONS: Hyperkalemia: MAXZIDE should not be used in the presence 
of elevated serum potassium levels (greater than 5.5 mEg/liter). If hyperkalemia 
develops, this drug should be discontinued and a thiazide alone should be substi- 
tuted. Concomitant use with other potassium conserving agents such as spirono- 
lactone, amiloride HCI or other formulations containing triamterene. Concomitant 
potassium supplementation in the form of medication, potassium-containing salt 
substitute or potassium-enriched diets should also not be used. Contraindicated 
in patients with anuria, acute and chronic renal insufficiency or significant renal 
impairment. Hypersensitivity to either component separately or other sulfonamide- 
derived drugs. 

WARNINGS: Hyperkalemia. 


Abnormal elevation of serum potassium levels (greater than or equal to 5.5 
mEgy/liter) can occur with all potassium conserving agents including MAXZIDE. 
Hyperkalemia is more likely to occur in patients with renal impairment, diabe- 
tes (even without evidence of renal impairment), or elderly or severely ill 


patients. Since uncorrected hyperkalemia may be fatal, serum potassium lev- 
els must be monitored at frequent intervals especially in patients first receiv- 
ing MAXZIDE, when dosages are changed, or with any illness that may 
influence renal function. 





If hyperkalemia is suspected, (warning signs include paresthesias, muscular 
weakness, fatigue, flaccid paralysis of the extremities, bradycardia and shock) an 
electrocardiogram (ECG) should be obtained. Monitor serum potassium levels 
because mild hyperkalemia may not be associated with ECG changes. If hyperkale- 
mia pen MAXZIDE should be discontinued immediately and a thiazide alone 
should be substituted. If the serum potassium level exceeds 6.5 mEq/liter, more 
vigorous therapy is required. The clinical situation dictates the procedures to be 
employed. These include the intravenous administration of calcium chloride solu- 
tion, sodium bicarbonate solution and/ar the oral or parenteral administration of 
glucose with a rapid acting insulin Pr Cationic exchange resins Such as 
sodium polystyrene sulfonate may be Orally or rectally administered. Persistent 
hyperkalemia may require dialysis. The development of hyperkalemia associated 
with potassium-sparing diuretics is ageentuated in the presence of rena! impair- 
ment (see CONTRAINDICATIONS). Patients with mild renal functional impairment 
should not receive this drug without frequent and continued monitoring of serum 
electrolytes. Cumulative drug effects may be observed in patients with impaired 
renal function. The renal clearances of hydrochlorothiazide, the pharmacologically 
active metabolite of triamterene, and the sulfate ester of hydroxytriamterene have 
been shown to be reduced and the plasma levels increased following MAXZIDE 
administration to elderly patients and patients with impaired renal function. Hyper- 
kalemia has been reported in diabetic patients with the use of potassium conserv- 
ing agents even in the absence of apparent renal impairment. Avoid MAXZIDE in 
diabetic patients. If it is employed, serum electrolytes must be frequently moni- 
tored. Metabolic or Respiratory Acidosis: Potassium conserving therapy should also 
be avoided in severely ill patients in whom respiratory or metabolic acidosis may 
occur, since acidosis may be associated with rapid elevations in serum potassium 
levels. If MAXZIDE™ triamterene 75mg/hydrochlorothiazide 50mg is employed, 
frequent evaluations of acid/base balance and serum electrolytes are necessary 

CAUTIONS: Electrolyte Imbalance and BUN Increases: Patients receiving 
MAXZIDE should be carefully monitored for fluid or electrolyte imbalances, i.e., 
hyponatremia, hypochloremic alkalosis, hypokalemia and hypomagnesemia. 

erum and urine electrolyte determinations should be frequently performed and 
are especially important when the patient is vomiting or receiving parenteral fluids. 
Warning signs or symptoms of fluid and electrolyte imbalance include: dryness of 
mouth, thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or 
cramps, muscular fatigue, hypotension, oliguria, tachycardia and gastrointestinal 
disturbances such as nausea and vomiting. 

Any chloride deficit during thiazide therapy is generally mild and usually does not 
require any specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather; appropriate therapy is water restriction, rather than admin- 
istration of salt, except in rare instances when the hyponatremia is life threaten- 
ing. In actual salt depletion, appropriate — is the therapy of choice. 

Hypokalemia may develop with thiazide therapy, especially with brisk diuresis, 
when severe cirrhosis is present, or during concomitant use of corticosteroids, 
ACTH, amphotericin B or after prolonged thiazide therapy. However, hypokalemia of 
this type is usually prevented by the triamterene component of M DE. 

Interference with adequate oral electrolyte intake will also contribute to hypoka- 
lemia. Hypokalemia can sensitize or exaggerate the response of the heart to the 
toxic effects of digitalis (e.g., increased ventricular irritability). 

MAXZIDE may produce an elevated blood urea nitrogen level (BUN), creatinine 
level or both. This is probably not the result of renal toxicity but is secondary to a 
reversible reduction of the glomerular filtration rate or a depletion of the intravas- 
cular fluid volume. Periodic BUN and creatinine determinations should be made 
especially in elderly patients, patients with suspected or confirmed hepatic disease 
or renal insufficiencies. If azotemia increases, MAXZIDE should be discontinued. 











Hepatic Coma: MAXZIDE should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations of fluid and 
electrolyte balance may precipitate hepatic coma. Renal Stones: Triamterene has 
been reported in renal stones in association with other calculus components. 
MAXZIDE should be used with caution in patients with histories of renal lithiasis. 
Folic Acid Deficiency: Triamterene is a weak folic acid antagonist and may contrib- 
ute to the appearance of megaloblastosis in instances where folic acid stores are 
decreased. in such patients, periodic blood evaluations are recommended. Hyper- 
uricemia: Hyperuricemia mey occur or acute gout may be precipitated in certain 
patients receiving thiazide therapy. Metabolic and Endocrine Effects: The thiazides 
may decrease serum PBI levels without signs of thyroid disturbance. 

alcium excretion is decreased by thiazides. Pathological changes in the para- 
thyroid gland with hypercalcemia and hypophosphatemia have been observed in a 
few patients on prolonged thiazide therapy. The common complications of hyper- 
parathyroidism such as renal lithiasis, bone resorption, and peptic ulceration have 
not been seen. Thiazides should be discontinued before carrying out tests for para- 
thyroid function. 

Insulin requirements in diabetic patients may be increased, decreased or 
unchanged. Latent diabetes mellitus may become manifest during thiazide admin- 
istration. Hypersensitivity: Sensitivity reactions to thiazides may occur in patients 
with or without a history of allergy or bronchial asthma. 

Possible exacerbation or activation of systemic lupus erythematosus by thiazides 
has been reported. Drug Interactions: Thiazides may add to or potentiate the action 
of other "—— drugs. 

The thiazices may decrease arterial responsiveness to norepinephrine. This 
diminution is not sufficient to preclude effectiveness of the pressor agent for thera- 
peutic use. Thiazides have also been shown to increase responsiveness to 
tubocurarine 

Lithium, when given with diuretics, reduces renal clearance and increases the 
risk of lithium toxicity Refer to the package insert on lithium before use of such 
concomitant therapy. 

Acute rena! failure has been reported in a few patients receiving indomethacin 
and other formulations containing triamterene and hydrochlorothiazide. Caution is 
erare advised when administering nonsteroidal anti-inflammatory agents with 
MAXZIDE. 

Drug/Laboratory lest Interactions Triamterene and quinidine have similar 
ee e r spectra; thus MAXZIDE.may interfere with the measurement of 
quinidine. 

Pregnancy. Cate, €: The Safe use Of MAXZIDE in pregnancy has not been 
established. Animal reproduction studies have not been conducted with 
MAXZIDE" tr amterenc amem lorothiazide 50mg. It is also not known if 
MAXZIDE can cause fetal harm n administered to a pes woman or can 
affect reproductive capacity Thiazides cross the placental barrier and appear in 
cord blood. The use Of thiazides in pregnant women requires that the anticipated 
benefit be weighed against possible hazards to the fetus. These hazards include 
fetal Or neonatal jaundice, thrombocytopenia, pancreatitis, and possibly other 
adverse reactions which have occurred in the adult. MAXZIDE should be given to a 
pregnant woman only if clearly needed. 

ursing Mothers: Thiazides appear in breast milk. If the use of MAXZIDE is 
deemed essential, the patient should stop nursing. Pediatric Use: The safety and 
effectiveness of MAXZIDE in children has not been established. 
ADVERSE REACTIONS: Side effects observed in association with the use of 
MAXZIDE include drowsiness and fatigue, insomnia, muscle cramps and weak- 
ness, headache, nausea, appetite disturbance, vomiting, diarrhea, constipation, 
dizziness, decreased sexual performance, shortness of breath and chest pain, dry 
mouth, depression and anxiety These adverse reactions are common to other 
triamterene and hydrochlorothiazide containing products. Other adverse reactions 
include: 
Hydrochlorothiazide 

Gastrointestinal: anorexia, gastric irritation, a otra (intrahepatic 
cholestatic jaundice), pancreatitis, sialadenitis. Central Nervous System: vertigo, 
paresthesias, xanthopsia. Hematologic: leukopenia, need ay chown thrombocy- 
topenia, aplastic anemia, hemolytic anemia, ge om a astosis. Cardiovascular: 
orthostatic hypotension (may be aggravated by alcohol, barbiturates, or narcotics). 
Hypersensitivity: anaphylaxis, purpura, photosensitivity, rash, urticaria, necrotiz- 
ing angiitis (vasculitis, cutaneous vasculitis), fever, respiratory distress including 
pneumonitis. Other: hyperglycemia, glycosuria, hyperuricemia, restlessness, tran- 
sient blurred vision. 

Triamterene: 

Hypersensitivity anaphylaxis, photosensitivity and rash. Other: Triamterene has 
been reported in renal stones in association with other calculus materials. Triam- 
terene has been associated with blood dyscrasias. Whenever adverse reactions 
are moderate io severe, therapy should be reduced or withdrawn. 

DOSAGE AND ADMINISTRATION: The recommended dosage of MAXZIDE is one tab- 
let daiiy with a monitoring of serum potassium levels (see WARNINGS). 
Patients recei po I mg of hydrochlorothiazide who become hypokalemic may be 
transferred to MAXZIDE directly. In patients requiring 50 mg of hydrochlorothiazide 
in whom hypokalemia cannot be risked, therapy may be initiated with MAXZIDE. 
There is no clinical experience with doses exceeding one tablet daily. 
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Collateral Flow in Patients with Acute Myocardial Infarction 


WILLIAM D. NITZBERG, MD, HRUDAYA P. NATH, MD, WILLIAM J. ROGERS, MD, 
WILLIAM P. HOOD, Jr., MD, PATRICK L. WHITLOW, MD, RUSSELL REEVES, MD, 
and WILLIAM A. BAXLEY, MD 


To assess the change in angiographically visualized 
collaterals in evolving acute myocardial infarction 
(AMI), coronary arteriograms from 53 patients ob- 
tained 6.2 + 0.2 hours after onset of AMI symptoms 
were compared with follow-up angiograms obtained 
14 + 1 days later. Collaterals were graded ac- 
cording to intensity score and percent of distal in- 
farct-related artery visualized. Collateral intensity 
score and the percent of distal infarct vessel visu- 
alized by collaterals at baseline were low, and there 
was a Significant increase in both values at follow-up 
angiography. The group of 20 patients with occluded 
infarct vessels at follow-up study accounted for 
these increases. In 33 patients with patent infarct 
vessels at repeat angiography, collateral intensity 
score and percent of segment visualized were un- 


changed. Among the patients with occluded infarct 
vessels at baseline and subsequent improvement 
in left ventricular (LV) ejection fraction (EF), 
baseline collateral score and percent of segment 
visualized were significantly greater than in patients 
in whom LVEF did not improve. Thus, in patients with 
evolving AMI, (1) angiographically visible collaterals 
are not extensive within the early hours of AMI, (2) 
the extent of collaterals on follow-up angiography 
may not be representative of that on the day of AMI, 
(3) collaterals are considerably more common 2 
weeks after AMI, especially in patients with oc- 
cluded infarct arteries during follow-up, and (4) 
collaterals present at the time of AMI are associated 
with improved LVEF at 2 weeks. 

(Am J Cardiol 1985;56:729-736) 





Coronary artery collaterals are generally believed to be 
congenitally established channels whose further de- 
velopment and function are promoted by coronary 
stenosis and myocardial ischemic disease.!:? In previous 
studies collaterals have been examined relative to the 
circumstances in which they are present in chronic 
coronary artery disease? or after an AMI,° but only 
recently have investigators begun to examine their 
presence and role at the actual time of AMI. The trend 
toward increased utilization of emergency left-sided 
cardiac catheterization and coronary angiography, with 
acute reperfusion interventions such as streptokinase 
and balloon angioplasty, have provided the opportunity 
to study these vessels in the acute peri-infarction pe- 
riod.6-1? The purpose of this study was to assess quan- 
titatively the change in angiographically visualized 
collaterals in evolving AMI and to assess the relation 
between collaterals and subsequent improvement in left 
ventricular (LV) function. 


Methods 


Patients: Patients had undergone thrombolytic therapy 
for AMI in a study approved by the human research review 
committee in January 1982. Consenting patients with no 
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contraindication to thrombolytic therapy or anticoagulation 
met the following criteria: (1) age 70 years or younger, (2) 
clinical presentation suggestive of evolving AMI, (3) electro- 
cardiogram showing ST-segment elevation of 1.5 mm or more 
in 2 or more leads, or marked T-wave changes alone in an 
otherwise classic clinical presentation, (4) emergency cathe- 
terization including coronary angiography, left ventriculog- 
raphy and reperfusion intervention available within 12 hours 
of onset of pain, and (5) follow-up angiography performed 
within an average of 2 weeks later to assess patency of the 
infarct-related vessel and LV function. 

Study design: After a brief medical history and physical 
examination had been obtained and the patient had given 
informed consent, all patients were premedicated with di- 
phenhydramine, 50 mg intravenously i.v., and methylpred- 
nisolone, 1.0 g i.v. A No. 7Fr or 8Fr sidearm valved sheath was 
inserted into the right or left femoral artery and was sutured 
into place. Heparin, 5,000 IU i.v., was given. A pigtail ven- 
triculography catheter was inserted, baseline LV pressure was 
recorded, and biplane left ventriculography was performed 
in the 20? cranial-60? left anterior oblique/45? right anterior 
oblique projections using 45 ml of diatrizoate sodium and 
diatrizoate meglumine (Renografin-769) that was power- 
injected over 3 seconds. 

Coronary arteriography of the suspected non-infarct-re- 
lated artery was then performed, followed by injections in the 
infarct-related artery. Contrast was injected with enough force 
and quantity to give good visualization of the major coronary 
arteries and their tributaries. No specific attempt was made 
to opacify collaterals, which usually appeared late on the 
fluoroscopic screen, most often after cessation of contrast 
injection. Multiple views of the coronary arteries were rou- 
tinely obtained: right coronary artery— left lateral, 60° left 
anterior oblique/15? cranial, and 30? right anterior oblique; 
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FIGURE 1. Left anterior oblique representation of the infarct related 
coronary artery segments (modified from the Coronary Artery Surgery 
Study, Circulation 198 1;63:suppl I:I-59, with permission of American 
Heart Association). 


left coronary artery—60° left anterior oblique/15? cranial, left 
lateral, 30? right anterior oblique, 30? right anterior 
oblique/15? caudal, and 30? right anterior oblique/15? cranial. 
Angiograms were recorded on 35-mm film using a Phillips 
Polydiagnost-C movable C-arm, and were filmed in standard 
6-inch mode. If total occlusion or high-grade stenosis of the 
infarct-related artery was found, the patient received 1 or 
more interventions, including intracoronary or intravenous 
streptokinase, with or without subsequent emergency per- 
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cutaneous transluminal coronary angioplasty. No patient had 
emergency coronary artery bypass grafting. The details of 
reperfusion interventions and subsequent management are 
given elsewhere.? The diagnosis of myocardial infarction was 
confirmed by typical rise and fall of serial CK-MB isoenzyme 
levels. Left-sided cardiac catheterization with coronary and 
LV angiography was repeated in a similar fashion an average 
of 2 weeks later. 

Coronary angiograms were viewed on a Tagarno 35 CX cine 
film analyzer. Coronary angiograms were reviewed by a car- 
diac radiologist. The baseline and follow-up angiograms were 
viewed in sequence, without prior knowledge of LV function. 
Angiographic global LV ejection fraction (EF) was derived by 
another uninvolved observer according to techniques previ- 
ously described.!! 

Angiographic criteria for collaterals were direct visualization 
of accessory blood vesels either filling the distal segment of 
an occluded or severely stenotic artery or subserving the area 
of myocardium that would ordinarily be supplied by the se- 
verely stenotic vessel (intracoronary collaterals), or visual- 
ization of a coronary artery after injection of contrast material 
into the contralateral vessel (intercoronary collaterals).?:!? 
Collaterals were graded according to the percent of distal 
infarct-related artery visualized by collaterals and by 
intensity. 

The percent of distal infarct-related artery visualized by 
collaterals was determined in a semiquantitative fashion. 
Coronary artery segments were identified and categorized 
according to a modification of the nomenclature used in the 
Coronary Artery Surgery Study (CASS).!? Figure 1 shows how 
the coronary arteries were separated into segments. When 
vessels or segments thereof were opacified on the cardiac sil- 
houette on cine film, they were identified and quantitated 
visually based on comparison with CASS coronary artery 
segments as they would appear in similar roentgenographic 
projections. A schematic representation of this method is 
shown in Figure 2. Except for 25% and 75%, values were given 
to the nearest 10%. 

Collateral intensity was scored from 0 to 4: grade 0 = no 
observed collateral opacification of the distal vessel; grade 1 
= faint (questionable) opacification seen in only 1 angio- 
graphic projection; grade 2 = mild but definite opacification 
seen in 2 or more angiographic projections; grade 3 = moderate 
opacification readily observed but not equal in density to 
antegrade opacification; and grade 4 = rich opacification, 
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FIGURE 2. How the percent of infarct- 
related artery supplied by collaterals 
was determined. Left, initial angiogram 
reveals occlusion of the distal left an- 
terior descending coronary artery 
(LAD). Twenty percent of the distal LAD 
and 50% of the second diagonal 
branch, (D-2) are opacified by collat- 
erals. Right, at follow-up angiography, 
with persistent occlusion of the LAD, 
the entire distal LAD and the second 
diagonal branch are opacified by col- 
laterals. Cx = left circumflex artery; 
LMCA = left main coronary artery. 
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equal to that which could be seen by anterograde flow. Figure 
3 shows an example of intracoronary collaterals to the distal 
right coronary artery and its tributaries in 1 study patient on 
initial and repeat angiography. 

Statistics: Data are reported as mean + standard error of 
the mean. A paired or unpaired t test was used to assess the 
significance of difference between continuous variables. The 
chi-square test with Yates’ continuity correction was used to 
assess the significance of differences between noncontinu- 
ous variables. The 2-sample Wilcoxon test was used for EF 
analysis. 


Results 


Patients: Fifty-three patients with AMI were ad- 
mitted within 12 hours of onset of symptoms and sat- 
isfied the study criteria. Emergency coronary and LV 
angiography were performed within an average of 6 
hours after onset of symptoms. All patients survived to 
follow-up angiography, which was performed an average 
of 14 days later. Patients were placed into 2 subgroups 
for analysis of data. Group 1 included 20 patients whose 
infarct-related artery was occluded at follow-up angi- 
ography. Group 2 included 33 patients whose infarct- 
related artery was patent at follow-up angiography. 
Baseline clinical and angiographic characteristics of the 
- 2 groups were similar (Table I). 

The mean age of the patients was 52 years on ad- 
mission; most patients were men. Twelve patients in 
group 1 and 16 patients in group 2 had a history of an- 
gina (difference not significant [NS]). Five patients had 
a prior myocardial infarction (documented in 4 patients 
and undocumented in 1 patient), and all of these were 
in group 1 (p «0.01). No patient had undergone prior 
coronary bypass surgery. There was a preponderance 
of 2-vessel coronary artery disease in group 1 and 1- 
vessel disease in group 2. The infarct-related artery was 
totally occluded at initial angiography in 87% (46 of 53) 
of the patients, and the 2 groups did not differ in this 
regard. No patient had a preintervention stenosis of less 
than 90% in the infarct-related artery at initial angiog- 
raphy. Of the 20 patients in group 1, 2 (10%) had sub- 
total and 18 (90%) had total occlusions at initial angi- 
ography. Of the 33 patients in group 2, 5 (15%) had 
subtotal and 28 (85%) had total occlusion at initial an- 
giography. The infarct-related artery was usually the 


FIGURE 3. Left, right anterior oblique 
view of a left coronary arteriogram from 
_ the initial study of a patient with a right 
coronary artery occlusion. The arrows 
point to the posterior descending artery 
seen by intercoronary collaterals and 
graded with an intensity of 4. Right, at 
follow-up angiography 2 weeks later, 
the same view now shows, in addition 
to the posterior descending artery, the 
posterolateral segment artery, marked 
by arrowheads and also grade 4. The 
distal right coronary artery can also be 
seen just proximal to the origins of 
these branches and is graded as having 
an intensity of 3. 





left anterior descending or right coronary artery. He- - 
modynamic measurements, including LV global EF and - 
aortic and LV pressures, were similar between the 2 
patient groups at both baseline and follow-up angiog- 


raphy. The interval from onset of symptoms to com- 


pletion of initial angiography averaged 6.6 + 0.5 hours - 


in group 1 and 5.9 + 0.2 hours in group 2 (NS). 
Sixty-six percent (35 of 53) of patients had a suc- 
cessful reperfusion intervention, defined as restoration 
of patency to an initially occluded vessel, or a decrease 
in the initial stenosis in a subtotally occluded vessel. 


Successful reperfusion was seen in 8 patients in group 
1 (40%) and 27 patients in group 2 (82%) (p <0.002). — 
Two patients in group 2 and none in group 1 had . 


emergency percutaneous transluminal coronary an- . 


gioplasty. All patients had CK-MB isoenzyme evidence 
of AMI. 

The interval between initial and follow-up angiog- 
raphy averaged 16 + 2 days (range 9 to 47) for group 1 
patients and 13 + 1 days (range 3 to 31) for group 2. 


Presence of collaterals: Of the 53 patients in this — 
study, 30 (57%) had angiographically visible collaterals — 
at the initial catheterization during their evolving AMI. |. 


Of the 46 patients who initially had a totally occluded 
infarct-related artery, 26 (60%) had visible collaterals. 


Of the 7 patients with a subtotal occlusion at initial © 


angiography, 4 (57%) had visible collaterals. Despite 


their presence, in many cases the extent of distal in- — 


farct-related vessel opacified by collaterals and the 
collateral intensity score were unimpressive. 


Of the 20 patients in group 1, 12 (60%) had visible . 


collaterals at baseline study, including the 2 patients 
with subtotal occlusions in their infarct-related artery. 


Eighteen patients (90%), including the 2 with initial - 


subtotal occlusions, had an increase in extent or inten- | 


sity of collaterals at the time of follow-up study. One 


patient had a decrease and 1 had no change in collaterals — 
between the 2 studies. All 20 patients had some visible — 


collaterals at follow-up angiography. 


Of the 33 patients in group 2, 18 (55%) had some ~ 


visible collaterals at initial angiography. These included 
16 of the 28 patients (5796) who had completely occluded 


infarct-related arteries at baseline and 2 of the 5 pa- — 


tients (40%) whose infarct-related arteries were subto- | 
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tally occluded at baseline. In 1 of these latter 2 patients 
collateral intensity slightly increased and in 1 collaterals 
had disappeared by the time of repeat angiography. Of 
the 16 patients with collaterals and occluded infarct- 
related arteries at baseline, 13 (8196) had a decrease in 
extent or intensity of collaterals, 12 of whom had no 
visible collaterals, by the time of follow-up angiography. 
Of the remaining 3 patients, collateral extent and in- 
tensity were unchanged in 1 patient and increased in 2 
patients between the 2 studies. These latter 2 patients 
were the only group 2 patients to have nearly total (9990) 
occlusions in their infarct-related artery at the time of 
follow-up angiography. | 
Quantitation of collaterals: Collateral intensity 
score: Figure 4 is a comparison of the mean collateral 
intensity score at baseline and follow-up angiography 
for the entire study group (n = 53) and for groups 1 (n 
= 20) and 2 (n = 33). The mean collateral intensity score 
for all patients was 0.5 + 0.1 (range 0 to 4.0). This in- 
creased to 0.9 + 0.2 (range 0 to 4.0) at follow-up angi- 
ography. Thus, overall, the mean collateral intensity 
score increased 0.5 + 0.2 (p <0.02). For group 1, the 
mean collateral intensity score was 0.6 + 0.2 (range 0 to 


FIGURE 4. Comparison of the mean collateral intensity 
score at baseline and follow-up angiography for all 53 
patients and for the 20 patients with occluded and the 33 
patients with patent infarct-related arteries at repeat 
angiography. NS = not significant; SEM = standard error 
of the mean. 


All Patients 
(n = 53) 
100 


FIGURE 5. Comparison of the mean 
percent of distal infarct-related artery 
opacified at baseline and follow-up 
angiography for all 53 patients and for 
the 20 patients with occluded and the 
33 patients with patent infarct-related 
arteries at repeat angiography. SEM = 
standard error of the mean. 
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4.0) at baseline and 2.2 + 0.3 (range 0 to 4.0) at follow- | 


up, or an increase of 1.6 + 0.3 (p <0.0001). For group 2 
the mean collateral intensity score was 0.4 + 0.8 (range 
0 to 4.0) at baseline and 0.2 + 0.1 (range 0 to 4.0) at fol- 
low-up, a decrease of 0.2 + 0.8 (NS). 

Percent of distal infarct-related artery visualized: 
Figure 5 is a comparison of the mean percent of distal 
infarct-related artery visualized at baseline and fol- 
low-up angiography. The mean percent of distal in- 
farct-related artery visualized was 16 + 4% (range 0 to 
100%) for all patients at baseline study. This increased 
to 27 + 5% (range 0 to 100%) at follow-up angiography, 
yielding a net increase of 12 + 5% (p <0.04). For group 
1, the mean percent of distal infarct-related artery 
visualized was 20 + 7% (range 0 to 100%) at initial an- 
giography and 65 + 7% (range 20 to 100%) at follow-up 
angiography, an increase of 45 + 9% (p «0.0001). For 
group 2, the mean percent of distal infarct-related artery 
visualized changed from 13 + 4% (range 0 to 100) to 5 
+ 3% (range 0 to 100) between the 2 angiographic 
studies, a decrease of 8 + 4% (p «0.03). x 

Relation between collaterals and left ventricular 
ejection fraction: LVEF data were not available for 3 


All Patients Occluded Patent 
(n = 53) at Followup at Followup 
(n = 20) (n = 33) 
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. patients in group 2 at initial angiography, but were 


available for all patients at follow-up. The mean global 
LVEF at baseline angiography was 50 + 2% (range 31 
to 65%) in group 1 and 46 + 2% (range 27 to 69%) in 
group 2 (NS). The LVEF at follow-up angiography was 
45 + 2% (range 26 to 63) in group 1 and 49 + 2% (range 


. 29 to 70%) in group 2 (NS). 


We observed a relation between the extent of collat- 
erals present at baseline angiography and change in 
LVEF in the interval between initial and repeat angi- 
ography. In 46 patients the infarct-related vessels were 
totally occluded at baseline. LVEF data were available 


_ for 43 of these patients. In 15 of these patients LVEF 


subsequently increased (mean 10 + 1%, range 1 to 19%), 
and in 28 it decreased or remained the same (mean —8 
+ 1%, range 0 to 22%). Figure 6 is a comparison of the 


. mean collateral intensity scores and the mean percent 


of distal infarct-related artery visualized at baseline 
angiography for each of these groups. At the time of 
initial angiography during AMI, the group whose LVEF 
subsequently increased had a higher mean collateral 


intensity score (0.8 + 0.3, range 0 to 4.0) and mean 


. percent of distal infarct-related artery visualized (32 + 


10%, range 0 to 100%) than did those whose LVEF 
subsequently failed to improve (0.2 + 0.1, range 0 to 2.0), 
(7 + 3%, range 0 to 80%). These differences in mean 
collateral intensity score and mean percent of distal 
infarct-related artery visualized were significant at the 
at the p «0.06 and p «0.02 levels, respectively. 


Discussion 


Several well-documented coronary collateral path- 
ways are present in humans.!^ Coronary angiography 
can visualize collaterals of 100 u or more and usually 


_ visualizes only epicardial vessels.!? Humans have col- 
. laterals less than 100 w in size, and most human collat- 


. erals are intramural or subendocardial.! Thus, the ex- 


. tent of collateral flow may not be represented by 


be 


angiographic studies. However, collaterals may be in- 
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ferred to be present by visualization of an obstructed 
coronary artery after contrast injection into a nonoc- 
cluded vessel or into the same, more proximally ob- 
structed vessel, with no visible communication between 
the 2. For the purposes of this study, collaterals were 
considered present if they were visualized or if a portion 
of distal infarct-related artery was visualized. 

The amount of contrast medium injected and dura- 
tion of the cine run can affect the extent of collaterals 
seen, especially if contrast is injected specifically to view 
collaterals. In our study, contrast was injected with 
sufficient force and duration to opacify the major cor- 
onary arteries and their branches, then the cine run was 
continued until collaterals were well opacified or until 
it was clear that no collaterals were going to appear. No 
specific attempt was made to opacify collaterals by in- 
jecting with more force. Collaterals usually appeared 
later on the cine film, frequently at the very end of or 
after completion of contrast injection. Therefore, it is 
unlikely that any systematic bias toward better visu- 
alization of collaterals was introduced by the amount 
and rate of contrast injection. Although these factors 
may have affected collateral visualization, they should 
have done so in a uniform manner, and the trends in 
collateral formation and regression are unlikely to be 
an artifact of the contrast injection technique. 

In this study 53 patients with AMI had coronary and 
LV angiography within a short time after onset of 
symptoms, and again an average of 2 weeks later. 
Fifty-seven percent of patients had angiographically 
visible collaterals to the infarct-related vessel at the time 
of AMI, and collaterals were seen with equal frequency 
in patients with total or subtotal occlusions as the cause 
of their AMI. This is a significantly higher percentage 
of patients than was reported in smaller series by 
Schwartz, Schuler and colleagues?!? of patients 
undergoing emergency coronary angiography during 
AMI, although these investigators did not recognize 
lower grades of collateral filling. The percentage with 
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FIGURE 6. Comparison of the mean 
collateral intensity score (left) and the 
mean percent of distal infarct-related 
artery visualized by collaterals (right) at 
baseline angiography for the 15 pa- 
tients in whom left ventricular ejection 
fraction (EF) improved (left bar in each 
graph) and for the group of 28 patients 
whose EF failed to improve (right bar in 
each graph) from baseline to follow-up 
angiography. SEM = standard error of 
the mean. 
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baseline collaterals in our study is similar to the figures 
reported by Rentrop et al.97 In the more recent study 
by Rentrop's group, however, collateral status to the 
infarct zone is reported for only 46 of 55 patients who 
had both baseline and follow-up angiography, and this 
represented only one-fourth of all the patients in their 
series who initially had emergency coronary arteriog- 
raphy and were treated by streptokinase infusion. 

In this study the extent and intensity of collaterals 
at baseline during AMI were generally low. The patency 
status at follow-up angiography had no relation to the 
degree of initial collateralization. The patency status 
at initial angiography had no bearing on the degree of 
collateralization at follow-up study. Rather, it was the 
presence of occlusion or high-grade stenosis at follow-up 
that was associated with improvement in the degree of 
collateralization by that time. Thus, collateral extent 
and intensity increased in patients whose infarct-related 
artery was occluded (group 1) or had very high grade 
stenosis (2 patients in group 2) 2 weeks after AMI. 

'The presence of increased collateral blood supply 2 
weeks after AMI in patients with totally or subtotally 
occluded infarct-related vessels gives no information 


. about when the increase occurred, nor does it explain 


what stimulated the increase. It is generally accepted 
that coronary collaterals are congenitally determined 
potential channels that do not function except in re- 
sponse to a pressure difference across or between cor- 
onary arteries as a result of obstruction or to myocardial 
ischemia per se,!617 or possibly other metabolic alter- 
ations.^ When stimulated, collateral vessels develop 
thicker, more muscular walls and can function more like 
arterioles.!? Experimental studies in dogs show that 
collateral channels develop over time to a point where 
they can be rapidly recruited to function maximally or 
not at all in response to transstenotic pressure gradients 
and tangential wall stress.!??? Similarly, studies in 
humans have shown the rapid appearance and regres- 
sion of functioning collaterals after coronary artery 
bypass grafting and graft occlusion?! or after develop- 
ment of a traumatic coronary artery fistula?? or trau- 
matic coronary artery occlusion.?? Such observations 
suggest that collaterals in our patients increased after 
and in response to reocclusion or persistent occlusion 
of the infarct-related artery, although we do not know 
how rapidly this occurred or if the abruptness of reoc- 
clusion had any effect on extent of collateralization. 

Collaterals and left ventricular function: At ini- 
tial angiography there was no difference between group 
1 and 2 in the degree of collateralization or LVEF, nor 
did LVEF differ at follow-up angiography. This is not 
surprising, as the amount of viable, functioning myo- 
cardium, dependent upon the extent of myocardial 
necrosis as well as preexisting ventricular function, is 
likely to be determined early in AMI. 

Despite a relative paucity of collaterals at initial an- 
giography, there was a relation between the degree of 
collateralization and subsequent improvement in LV 
function. Of the 46 patients with total occlusion of the 
infarct-related artery in the early hours of AMI, patients 
who had an increase in LVEF in the interval between 
studies tended to have more intense and more extensive 
collaterals than did those whose LVEF subsequently 





failed to improve. However, there was a good deal of 
variance in collaterals (Fig. 6). T'he group of 15 patients 
in whom EF improved included the 4 patients (27%) 
with the highest collateral intensity or percent of distal 
infarct-related artery visualized, but it also included 4 
patients with no collaterals at baseline. In contrast, of 
the 28 patients in whom EF did not improve, 16 (57%) 


had no angiographically visbile collaterals early inthe . 


course of infarction. 

The protective effect of collaterals on LV function is 
a major source of controversy. Pertinent to this study 
is the effects of collaterals on LVEF during the dynamic 
state of evolving AMI. Our data support the hypothesis 


that the degree of collateralization to the infarct-related — 


coronary artery has a potential beneficial effect on 


subsequent improvement in LVEF, but that this isa 


variable effect. Multivariate analysis of the patients in 
this study shows that collaterals are one of several in- 
dependent factors associated with improvement in LV 


function.24 Other factors may include shorter time to 


reperfusion!? and lower baseline EF.”4 Our findings are 
in agreement with those of Rentrop et al,’ who reported 
a modest increase in EF after AMI in a group of patients 
with collaterals to the infarcting area before receiving 
streptokinase, but no change in the EF in a group 
lacking collaterals before streptokinase treatment." In 
addition, their findings suggested that the critical in- 
terval for myocardial salvage and improvement in EF 
was longer in patients with well-developed collaterals. 
In a small series of patients, Schwartz et al!? found that 
early reperfusion had a beneficial effect on late EF in 
association with the presence of collaterals, as well as 
a shorter duration of ischemia and smaller area of 
ischemic risk. 

Limitations of the study: The patients in this study 
all received some reperfusion intervention. The per- 
sistence or regression of collaterals is not necessarily 
what would occur in a patient with evolving AMI who 
is not treated with such interventions. Although the 
endpoint (vessel patency) is the same, streptokinase or 
percutaneous transluminal coronary angioplasty may 
affect collaterals in ways apart from their effects on 
vessel patency and degree of stenosis, and the conclu- 
sions drawn from this study may not be valid in the 
natural history of evolving AMI. 
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Frequency and Significance of Induced Sustained Ventricular 
Tachycardia or Fibrillation Two Weeks After 
Acute Myocardial Infarction 


ANIL K. BHANDARI, MD, JEFFREY S. ROSE, MD, ADAM KOTLEWSKI, MD, PhD, 
SHAHBUDIN H. RAHIMTOOLA, MB, FRCP, and DELON WU, MD 


Electrophysiologic study, 24-hour ambulatory 
electrocardiographic monitoring, treadmill exercise 
test and angiographic evaluations were performed 
in 45 patients 14 + 3 days (mean + standard de- 
viation) after acute myocardial infarction. Electro- 
physiologic study protocol included burst ventricular 
pacing and 1 to 3 ventricular extrastimuli at 2 cycle 
lengths from right ventricular apex, right ventricular 
. outflow and left ventricle. Sustained monomorphic 
ventricular tachycardia (VT) (13 patients) or ven- 
tricular fibrillation (VF) (7 patients) was induced in 
20 patients (4496) (group I). In these 20 patients, 
VT/VF was inducible with 2 extrastimuli in 10 pa- 
tients, 3 extrastimuli in 9 patients and burst pacing 
in 1 patient. In the remaining 25 patients (56 96 ), 
induction of no fewer than 7 ventricular beats were 
noted (group Il). Severe left ventricular (LV) wall 
motion abnormalities occurred in 70% of group | 
patients and 22% of group II patients (p «0.005 ). 
There was no difference in the site of infarction, 


frequency and grade of ventricular ectopic rhythm 
on ambulatory electrocardiographic monitoring, 
double product on submaximal exercise, LV ejection — 
fraction, and number of obstructed coronary arteries — 
(70% or greater) (p >0.1) between group | and 
group Il patients. During a mean follow-up of 10 + 
3 months, 1 patient in each group died suddenly, and — 
in 1 group | patient spontaneous sustained VT de- 
veloped which was identical in morphologic con- 
figuration to that induced during electrophysiologic 
study. 

In conclusion, electrical induction of sustained VT 
or VF during electrophysiologic study is common in 
patients 2 weeks after acute myocardial infarction. 
These patients have an increased incidence of LV 
wall motion abnormalities. The prognostic signifi- 
cance of this finding requires further follow-up study 
but appears to be of limited value. 


(Am J Cardiol 1985;56:737-742) 


D e en n nc AE po 


Patients discharged from the hospital after an acute 
episode of myocardial infarction (MI) are at an in- 
creased risk of death particularly during the first year 
after this event.!-9 The presence of left ventricular (LV) 
dysfunction, frequent and complex ventricular ectopic 
rhythms on ambulatory electrocardiographic moni- 
toring, and myocardial ischemia or angina during low- 
level treadmill testing identifies a high-risk subgroup 
among these patients.!-?7-? However, these variables 
lack sensitivity and specificity and may not warrant 
specific intervention in a given patient.’ 
Electrophysiologic studies have been shown to be 
useful in the management of patients with ventricular 
tachycardia (VT) and patients with out-of-hospital 
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cardiac arrest due to ventricular fibrillation (VF).!19-1? 
Preliminary studies by Hamer et al!^ and Richards et 
all^ in patients with acute MI suggested that pro- 
grammed ventricular stimulation may be useful in 
identifying a subgroup of patients at high risk of sudden 
cardiac death. Therefore, we prospectively performed 
electrophysiologic, ambulatory electrocardiographic, 
exercise treadmill and angiographic studies in patients 
with acute MIin order to evaluate the relation between 
the response to programmed stimulation and the an- 
giographic and other findings; and to determine the 
usefulness of programmed ventricular stimulation as 
a marker for the development of subsequent VT or 
sudden death. 


Methods 


Patients: From September 1983 to July 1984, 102 patients 
were admitted to the coronary care unit of Los Angeles 
County-University of Southern California Medical Center 
with a confirmed diagnosis of acute MI. Eighty-four of them 
had transmural infarction and were considered for inclusion 
in the study. Criteria for transmural infarction were: ischemic 
chest pain lasting longer than 30 minutes, characteristic rise 
and fall of the serum CK level and its MB isoenzyme fraction, 
and characteristic evolutionary ST-T changes with the de- 
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- velopment of new q waves over 2 or more frontal or precordial 
- leads. There were 9 inhospital deaths. Thirty patients were 


excluded: 9 because of the presence of unstable angina or 


. uncontrolled heart failure in the postinfarction period; 2 be- 
. cause they were older than 70 years; 7 because of end-stage 


disease of other organ system; and 12 because of refusal to 


_ have the studies performed. The remaining 45 patients agreed 
. to have the studies performed and form the basis of this re- 
. port. There were 41 men and 4 women, aged 35 to 67 years 


(mean standard deviation 52 + 9). Twenty-two patients had 
anterior and 23 had inferior MI. Peak CK was 2,003 + 1,552 
units with an MB isoenzyme fraction of 16 + 9% (normal, less 
than 5%). Thirteen patients had mild congestive heart failure 
(New York Heart Association class I or II) and 10 had mild 
angina after infarction. Except for 3 patients in whom primary 
VF developed during the first 24 hours of hospitalization, none 
had sustained VT or VF before the study. 

The studies were performed 9 to 21 days after infarction and 


consisted of (1) 24-hour ambulatory electrocardiographic 
. monitoring, (2) low-level treadmill exercise test, (3) pro- 


grammed ventricular stimulation and (4) cardiac catheter- 
ization with coronary angiography. The last 2 studies were 


. done on the same day. The longest interval between all 4 tests 
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were never more than 7 days. Each patient gave informed 


. consent. None of the 45 patients received antiarrhythmic 


agents or 8-blocking drugs at the time of study. Nitrates (37 
patients), digoxin (5 patients), diuretic drugs (13 patients) and 


calcium blockers (6 patients) were discontinued 24 hours 


before programmed ventricular stimulation. On the day of the 
study, the serum potassium level was normal (range 3.5 to 5.2 


. mEg/liter) in all patients, and the serum digoxin level ranged 
- from 0.7 to 1.2 ng/ml in those taking digoxin. 


Programmed ventricular stimulation: Programmed 


- ventricular stimulation was performed with patients in the 
. fasting and nonsedated state. A No. 6 quadripolar electrode 


. catheter was introduced percutaneously into the right femoral 
. vein and was first positioned at the right ventricular (RV) apex 


. and then the RV outflow tract for stimulation. If necessary, 


a second No. 6 Fr electrocatheter was introduced percuta- 
neously into the right femoral artery and advanced to the LV 


apex for LV stimulation. Surface electrocardiographic leads 
V4, I and aVF, as well as RV and LV electrograms, were 


. Stimultaneously displayed and recorded on an oscilloscopic 
_ photographic recorder (Electronics for Medicine, VR-16) at 
. speeds of 25 to 100 mm/s. Stimuli 2 ms in duration and twice 


ya 


the diastolic threshold were provided by a digital program- 


 mable stimulator (Bloom & Associates, Ltd). The stimulation 


_ protocol included burst ventricular pacing between cycle 


- lengths of 400 to 250 ms, and single (S185), double (S1S983) 


. and triple (81998384) extrastimuli at 2 driven cycle lengths 


. of 500 and 400 ms. In all patients stimulation was begun at the 


_ RV apex with burst pacing and was followed by single and 


i 
v 
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then double extrastimuli. If sustained VT or VF was not in- 
duced, the same stimulation sequence was applied to the RV 


. outflow tract and then to the LV apex. When double extra- 
- stimuli failed to induce sustained VT or VF, a third ventric- 


ular extrastimuli was added and the same stimulation protocol 


- was repeated at all 3 sites. The study was terminated when 


sustained VT or VF was induced, and was usually completed 


; within 20 minutes. 


Sustained VT was defined as VT that lasted longer than 


-. 80 seconds or that caused hemodynamic compromise requir- 


ing termination by overdrive pacing or cardioversion in less 
than 30 seconds.!?-1? Nonsustained VT was VT that lasted 


_ from 6 beats to 30 seconds and terminated spontaneously. VF 
. was defined as organized or disorganized ventricular activity 
with a cycle length of less than 200 ms requiring immediate 

. defibrillation. 





Cardiac catheterization and coronary angiography: 
Right- and left-sided cardiac catheterization and LV and 
coronary angiography were performed after programmed 
ventricular stimulation. Pressures were recorded using Sta- 
tham P23Db transducers and cardiac output was determined 
by the thermodilution technique. LV angiograms were per- 
formed in the 30? right anterior oblique (44 patients) and 55? 
left anterior oblique projections (43 patients), while coronary 
anteriograms were taken in multiple views using 35-mm cin- 
eangiography (44 patients). In 1 patient, LV catheterization 
and coronary angiography could not be performed because of 
technical difficulty in negotiating the catheter across the 
tortuous iliac artery system. 

LV end-diastolic and end-systolic volumes and ejection 
fraction were calculated from the right anterior oblique pro- 
jection using the area-length method.!6 Both LV and coronary 
angiograms were evaluated by 2 of us. If disagreement oc- 
curred, the film was reviewed by a third observer to obtain a 
consensus. The criterion for a “significant” stenosis was 70% 
or more reduction in internal diameter of these vessels. For 
the left main coronary artery, a 5096 or greater reduction in 
internal diameter was considered significant. The circumflex 
artery was considered involved if its main vessel or the large 
obtuse marginal branch was stenotic. Stenoses involving only 
the branches of left anterior descending or right coronary 
arteries was not counted. Left main stenosis was classified as 
2-vessel disease. No major vessel was counted twice. 

The LV angiograms were analyzed for wall motion in both 
right anterior oblique and left anterior oblique projections (43 
patients) using the method previously described.!7 Each 
projection was divided into 5 equal segments and a quanti- 
tative wall motion score was determined from the analysis of 
10 segments. The contraction of each segment was scored as 
follows: normal = 1, moderate hypokinesia = 2, severe hypo- 
kinesia = 3, akinesia = 4, and dyskinesia = 5.17 The total score 
was obtained by adding the values assigned to each segment. 
With this system, a score of 10 equals normal wall motion 
function, 10 to 15 indicates a mild motion abnormality, 15 to 
25 a moderate wall motion abnormality, and more than 25 
severe wall motion abnormality. 

Ambulatory electrocardiographic monitoring: All pa- 
tients underwent 24-hour continuous ambulatory electro- 
cardiographic monitoring 6 to 17 (mean 10 + 3) days after 
infarction. Two-channel high-fidelity cassette recordings were 
analyzed for frequency, morphologic characteristics and 
timing of premature ventricular complexes using a Del Mar 
Avionics system. 

Treadmill exercise test: Thirty-five patients underwent 
a low-level treadmill exercise test according to a modified 
Sheffield's protocol 7 to 14 days (mean 10 + 2) after infarction. 
The exercise was continued until a target heart rate of 120 
beats/min was achieved or the patient had angina, 0.2 mV 
horizontal or downsloping ST-segment depression, marked 
fatigue, high-grade ventricular ectopy or systolic hypotension 
of 20 mm Hg or more. A result was considered positive when 
any recorded lead during exercise or during recovery showed 
a horizontal or downsloping ST-segment depression of 0.1 mV 
or more at 80 ms after the J point. 

Follow-up study: Patients were followed in the cardiology 
clinics of the Los Angeles County-University of Southern 
California Medical Center at intervals of 4 to 8 weeks; some 
were followed by their private physicians. If a patient died, 
the circumstance of the event was determined. Sudden death 
was defined as death that occurred within 1 hour after the 
onset of terminal symptoms or when death occurred unex- 
pectedly without premonitory symptoms. 

Statistical analysis: Values are expressed as mean + 
standard deviation. Patients with and without induction of 


TABLE! Clinical Characteristics 


Variable 


Age (yr) 

Men (n) 

History of 
MI 


Hypertension 
Diabetes mellitus 
Peak CK (U) 
Anterior MI (96) 
After MI 
Heart failure’ 
Angina pectoris? 
Interval between acute MI and PVS (days) 
Duration of exercise (min) 
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Exercise-induced ST depression (96) 


* Standard deviation. 


t Mild and easily controlled with ‘‘medical’’ therapy. 


Numbers in parentheses are the percentages. 


Group | Group Il 
(n — 20) (n — 25) p Value 
51+ 8* 53 + 9* NS 
18 (90) 23 (92) NS 
1 (5) 3 (12) NS 
12 (60) 8 (32) 0.08 
5 (25) 5 (20) NS 
2,551 + 1,734" 1.579 + 1,280* 0.09 
12 (60) 10 (40) NS 
9 (45) 4 (16) «(0.05 
6 (30) 4 (16) NS 
15 4 3* 13 + 3* <0.05 
1.4 0 RA 8 £2" NS 
29 33 NS 


MI = myocardial infarction; NS = not significant; PVS = programmed ventricular stimulation. 


sustained VT or VF were compared using a chi-square test or 
Student t test. The difference was considered statistically 
significant when the p values were <0.05 and not statistically 
significant when the p value was >0.1. The p values between 


- 0.05 and 0.1 are given. 


Results 


Induction of ventricular tachycardia or ven- 
tricular fibrillation: Programmed ventricular stim- 
ulation induced sustained monomorphic VT in 13 pa- 
tients and polymorphic VT that degenerated into VF 
in 7 patients. Thus, 20 of the 45 patients (44%) (group 
I) had induction of sustained VT or VF. In 13 patients 
with induction of sustained monomorphic VT, the QRS 
morphologic pattern was of right bundle branch block 
pattern in 9 and a left bundle branch pattern in 4; the 
cycle length ranged from 200 to 270 ms (mean 228 + 29). 
VT could be terminated by overdrive pacing in 6 pa- 
tients and required cardioversion in 7. All 7 patients 
with induction of polymorphic VT that degenerated 
into VF required immediate direct-current cardiac 
shock. Sustained VT or VF was induced from the right 
ventricle in 15 patients and the left ventricle in 5. It was 
induced by burst pacing in 1 patient, double ventricular 
extrastimuli in 10 patients and triple ventricular ex- 
trastimuli in 9 patients. 

Of the remaining 25 patients (group II), 1 had in- 
duction of nonsustained monomorphic VT lasting for 
a maximum of 7 beats; the induction required double 
extrastimuli at the RV apex. Five patients had induc- 
tion of repetitive ventricular responses of maximum 3 
to 5 beats with triple extrastimuli, and 19 patients had 
induction of no ventricular responses during the 
study. 

Comparison of patients with and without in- 
duction of sustained ventricular tachycardia or 
ventricular fibrillation: Group I patients had higher 
levels of serum CK and increased incidence of heart 
failure (Table I). The mean interval between infarction 
and programmed ventricular stimulation was longer in 
group I than in group II (15 + 3 vs 13 + 3 days, p <0.05). 
There were no significant differences between the 2 
groups in the mean frequency or incidence of repetitive 


forms of ventricular premature complexes detected 
during 24-hour ambulatory monitoring (Fig. 1). Two 
groups did not differ significantly with regard to the 
findings on treadmill testing (Table I), angiographic LV 
ejection fraction (0.45 + 0.1 vs 0.50 + 0.1, p >0.1), LV 
end-diastolic pressure (24 + 8 vs 24 + 9 mm Hg) and LV © 
stroke work index (41 + 17 vs 48 + 14 g-m/m?). 

Mean LV wall motion score was significantly higher 
in group I than in group II, 22 + 6 vs 17 + 5 (p « 0.005) 
(Table II). Fourteen of the 20 patients (7090) with in- 
ducible sustained VT or VF (group I) had moderate to 
severe wall motion abnormalities with a wall motion 
score of at least 20, compared with 5 of the 23 patients 
(22%) without inducible VT or VF (group II) (p « 0.005). 
Group I patients also had a significantly higher inci- 
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FIGURE 1. Twenty-four-hour ambulatory electrocardiographic moni- 
toring data in patients with and without inducible sustained ventricular 
tachycardia (VT) or ventricular fibrillation (VF). NS = not significant; 
PVC = premature ventricular contractions. 
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TABLE Il Left Ventricular Angiographic Wall Motion 
Abnormalities 





Group | Group Il 
(n = 20) (n = 23) p Value 
Wall motion score 
10-15 2 (10) 8 (35) 0.07 
16-20 4 (20) 10 (43) NS 
21-25 10 (50) 4 (17) <0.05 
>25 4 (20) 1 (5) NS 
Type of wall motion abnormality 
None 0 (0) 1 (4) NS 
Hypokinesia only 3 (15) 8 (35) NS 
Akinesia 12 (60) 10 (43) NS 
Dyskinesia 10 (50) 6 (26) NS 
Aneurysm 9 (45) 3 (13) <0.05 
a NE SERERE LÀ ERES SF 


Numbers in parentheses are percentages. 
NS = not significant. 


dence of LV aneurysms than group II patients (45 vs 
13%, p <0.05) (Fig. 2). Coronary angiography showed 
that 14 patients (32%) had 1-vessel disease, 14 (32%) had 
2-vessel and 15 (34%) had 3-vessel disease. In 1 patient, 
the coronary arteries were normal. Twenty-three of the 
44 patients (52%) had complete occlusion of at least 1 
major vessel. There was no significant difference in the 
number or distribution of diseased vessels between the 
2 groups. Main left coronary artery stenosis was ob- 
served in only 1 patient, who was in group II. 
Treatment and follow-up observations: Of the 13 
group I patients with inducible sustained monomorphic 
VT, 10 underwent electropharmacologic testing with 
intravenously administered procainamide (loading dose: 
15 mg/kg body weight followed by a constant infusion 
at 2 mg/min). Although procainamide prevented in- 
duction of VT (more than 6 beats) in only 3 patients, all 
10 were discharged with oral procainamide 3 to 4 g/day. 
This therapy, however, was discontinued 2 to 3 months 
after discharge in all except 2 patients, who have been 
maintained with procainamide treatment at the dis- 
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FIGURE 2. Left ventricular (LV) angiographic data in patients with and 
without inducible sustained ventricular tachycardia (VT) or ventricular 
fibrillation (VF). EF = ejection fraction; NS = not significant; WM = wall 
motion score. | 


cretion of their attending physicians. All other patients 
were discharged from the hospital without any specific 
antiarrhythmic therapy. None of the 45 patients re- 
ceived a 6-blocking agent. Two patients in each group 
underwent coronary bypass surgery for either left main 
coronary disease (1 patient) or persistent angina re- 
fractory to medical therapy (3 patients). 

The follow-up of these 45 patients ranged from 4 to 
17 months (mean 10 + 3). Thirty-six were followed in 
the Cardiology Clinic of Los Angeles County-University 
of Southern California Medical Center, and in 7 patients 
the follow-up data were obtained by telephone from 
their referring physicians (2 patients), the patients 
themselves (3 patients) or their family (2 patients). Two 
patients in group II were lost to follow-up 4 and 5 
months, respectively, after discharge from the hospital. 
During the follow-up period 2 patients died suddenly; 
1 had inducible sustained VT (group I) and the other 
had induction of no more than 5 repetitive beats (group 
II). Sudden death occurred 17 and 2 months, respec- 
tively, after the index MI, and at the time of its occur- 
rence both patients were taking no antiarrhythmic 
agents. One group I patient had spontaneous sustained 
VT (nonfatal) 25 days after the index MI. This VT was 
identical in morphologic pattern to the one induced ^ 
during programmed ventricular stimulation. There have 
been 2 nonsudden deaths; 1 group I patient died from 
intractable cardiac failure 10 months after the index 
infarction and 1 group II patient who was asymptomatic 
and taking no specific therapy had a suicidal death 72 
days after the initial infarction. The remaining 38 pa- 
tients were still alive and have had no documented oc- 
currence of sustained VT/VF during a follow-up of 8 to 
17 months (mean 12 + 4). Two patients (group I) have 
had recurrent episodes of heart failure and 1 patient 
(group I) sustained an uncomplicated subendocardial 
infarction 3 months after the index infarction. 


Discussion 


The survivors of acute MI after discharge from the 
hospital are at increased risk of death during the first 
year after their event, with an average mortality rate of 
7 to 1190.1-5 Sudden cardiac death accounts for half of 
these deaths and is usually a result of VT or VF. Pro- 
grammed ventricular stimulation has been shown to be 
useful in the diagnosis and management of patients with 
recurrent sustained V'T or out-of-hospital cardiac ar- 
rest.10-1? Therefore, one may hypothesize that pro- 
grammed ventricular stimulation would be helpful in 
predicting patients at high risk of sudden death in the 
first year after MI, and preliminary data by Hamer et 
al'4 and Richards et al!5 appear to confirm this. Hamer 
et al studied 70 patients with recent MI complicated by 
heart failure or arrhythmias or both. They found that 
induction of 5 or more repetitive ventricular responses 
identified a high-risk subgroup of 12 patients, of whom 
4 died suddenly during a 12-month follow-up period. 
However, 5 of their remaining 58 patients without in- 
duction of 5 or more repetitive ventricular responses 
also died suddenly during follow-up. Thus, they had 
studied selected patients and their findings had low 
specificity. Richards et al studied 165 hemodynamically 
stable patients 6 to 28 days (mean 10) after MI. Of the 


38 patients with induction of VT lasting longer than 10 
seconds, 8 died suddenly during a mean follow-up pe- 
riod of 8 months, whereas none of the remaining 127 
patients without induction of VT encountered sudden 
death. In contrast, Marchlinski et al!® studied 46 pa- 
tients with recent infarction and found that only 1 of the 
10 patients with induction of sustained or nonsustained 
VT died suddenly during a mean follow-up period of 18 
months, whereas 5 of the remaining 36 patients without 
induction of VT died suddenly.!? These conflicting re- 
sults may be a result of significant differences in patient 
selection, protocols for stimulation during the electro- 
physiologic study and definition of positive responses. 
Moreover, none of these studies correlated the induction 
of VT or VF with the severity of coronary artery disease, 
hemodynamic or angiographic parameters. 

In the present study, we excluded patients with un- 
controlled heart failure or unstable angina because such 
patients are at high risk, and the patients with unstable 
angina have an excellent response to coronary bypass 
surgery.!9-2! A vigorous stimulation protocol was used 
that consisted of triple ventricular extrastimuli from 
both the right and left ventricles. Programmed stimu- 
lation using this protocol has been reported to induce 
clinical arrhythmias in 80 to 98% of the patients who 
present with recurrent sustained VT or cardiac ar- 
rest.10.11,22 Also, in patients without documented ven- 
tricular arrhythmias, sustained VT is almost never in- 
duced and the induction of VF is infrequent.?2-*4 Two 
weeks after MI, we could induce sustained VT or VF in 
22% of patients with double extrastimuli and in 44% 
with triple extrastimuli. The patients in whom sus- 
tained VT or VF was induced had more severe wall 
motion abnormalities, had an increased incidence of 
mild heart failure and LV aneurysms and tended to 
have lower LV ejection fractions and larger infarcts 
judged by peak CK values. These findings are in accord 
with previous observations made in the survivors of 
out-of-hospital cardiac arrest in whom the presence of 
moderate to severe LV wall motion abnormalities was 
associated with more frequent induction of VT or VF,” 
as well as an increased incidence of recurrent cardiac 
arrest.2° Our findings are also in accord with canine 
ischemic models in which electrical instability occurred 
more often with a large infarct.?’ 

The relatively short term follow-up and the small 
number of patients in our study do not permit us to 
determine whether programmed ventricular stimulation 
identifies patients after infarction who are at high risk 
of sudden death. However, the inducibility of sustained 
VT/VF 14 + 3 days after acute MI did not appear to 
have clinical significance during the mean follow-up of 
10 + 3 months. Whereas 44% of the patients had in- 
ducible sustained VT or VF, only 1 had spontaneous 
sustained VT and 1 died suddenly during the follow-up 
period. The other sudden death occurred in a patient 
who had no inducible VT. The study raises an impor- 
tant question as to the clinical significance of inducible 
sustained VT or VF during the early period after in- 
farction. In a study of 40 patients with sustained VT 
that occurred within 2 months after infarction, Mar- 
chlinski et al28 induced nonclinical forms of sustained 
VT in 45% of patients. Kowey et al?’ induced sustained 


VT in 5 of 57 asymptomatic patients (9%) with recent 
infarction; 4 were studied within 3 months of infarction. 
Buxton et al2° studied a group of 33 patients with stable 
coronary artery disease and nonsustained VT; 13 (40%) 
had induction of sustained VT or VF. Recent MI may 
provide an anatomic substance for induction of VT or 
VF that has little long-term clinical significance. ‘These 
questions must be answered by additional studies, be- 
cause the inducibility of sustained VT or VF may 
decline 3 to 6 months after infarction; however, the 
high incidence of sudden death also declines 6 months 
after MI. 

Ten of the 20 patients with inducible sustained 
VT/VF (group I) received antiarrhythmic therapy. This 
therapy may have influenced the subsequent posthos- 
pital course of these patients. However, this is less likely 
because acutely administered procainamide in the 
laboratory failed to suppress induction of VT in most 
of these patients, and antiarrhythmic therapy was dis- 
continued 2 to 3 months after the index infarction in 
almost all of them. Moreover, there are no data that 
indicate a beneficial effect of antiarrhythmic therapy 
on the survival of patients after MI. 
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Crossover from Intravenous to Transdermal Nitroglycerin 
Therapy in Unstable Angina Pectoris 


SHU-GUANG LIN, MD, and JOHN T. FLAHERTY, MD 





The present study was designed to examine the 
safety and efficacy of titrating a nitroglycerin infusion 
to a fixed hemodynamic endpoint as initial therapy 
for patients admitted to a coronary care unit for 
medically refractory unstable angina, and to test the 
hypothesis that patients, responding to the addition 
of intravenous (i.v.) nitroglycerin to their previous 
antianginal regimen, could be crossed over to ni- 
troglycerin administered by a new transdermal de- 
livery system. In 9 patients the nitroglycerin infusion 
titrated upward at 3- to 10-minute intervals until a 
10% reduction in mean arterial pressure was 
achieved. This titration schedule and hemodynamic 
endpoint proved safe and effective for controlling 
episodes of chest pain at rest in all 9 patients. 
Subsequently, this treatment strategy was tested in 
17 consecutive patients with unstable angina treated 
in our coronary care unit during a 1-month period. 
In 10 of 15 successfully treated patients ischemia 
was the cause of chest pain as documented by 
cardiac catheterization. No change was made in 
antianginal or vasoactive drugs during the period of 
i.v. nitroglycerin administration or during crossover 
to transdermal therapy. In this well defined subgroup 
of patients with unstable angina, nitroglycerin infu- 
sion decreased the mean arterial pressure from 101 
+ 18 to 87 + 11 mm Hg (mean + standard devia- 
tion), using an infusion rate of 84 + 74 ug/min 
(range 10 to 200). The mean duration of i.v. therapy 
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was 36 + 12 hours. In 4.8 + 0.9 hours, all 10 patients 
were weaned off i.v. therapy and crossed over ina 
Stepwise fashion to a mean dose of 22.5 + 10 mg/24 
hours of transdermal nitroglycerin patches (range 
5 to 40 mg/24 hours), while maintaining the mean 
arterial pressure reduction previously achieved after 
initiation of i.v. therapy. Mean arterial pressure was 
86 + 11 mm Hg with i.v. therapy immediately before 
crossover and was maintained at 83 + 9 and 85 + 
11 mm Hg 1 and 24 hours after crossover to trans- 
dermal nitroglycerin therapy, respectively. Two 
patients had episodes of chest pain during the first 
24 hours of transdermal therapy. Both became pain 
free after upward titration of the transdermal dose 
by 10 mg/24 hours. Among these 10 patients, 7 had 
no further episodes of pain throughout the remainder 
of their hospitalization. One patient had a single 
episode of chest pain after transient interruption of 
transdermal nitroglycerin therapy and 1 patient had 
a single episode of pain after transient reduction in 
the transdermal dose. These results suggest that i.v. 
nitroglycerin, titrated to reduce mean arterial 
pressure by 10% is safe and effective treatment for 
patients with unstable angina admitted to a coronary 
care unit, and that the new transdermal nitroglycerin 
delivery systems can be used successfully to 
maintain the beneficial antiischemic effects initially 
achieved with i.v. nitroglycerin therapy. 

(Am J Cardiol 1985;56:742-748) 


Sublingual nitroglycerin has been successfully used to 
treat episodes of angina pectoris for more than 100 
years.! Although the use of intravenous (i.v.) nitro- 
glycerin was first reported more than 20 years ago;? it 
was only released for clinical use by the Food and Drug 
Administration in October 1981. Subsequently, several 





TABLE! Patient Groups 


Anginal 
Sex & Prior Duration Cath. 
Pt. Age (yr) Diagnosis Infarction (mo) Findings 
Prospective Intravenous Nitroglycerin Titration Study 

1 F52 UA-p-MI T 84 3V 

2 M71 UA 0 18 3V 

3 M53 UA + 120 3V 

4 M71 UA + 120 3V 

5 F65 UA + 12 2V 

6 M76 UA 0 60 3V 

7 F64 UA 0 0 — 

8 M53 UA 0 120 2V & LM 

9 M66 UA 0 24 1V 

Retrospective Intravenous to Transdermal Nitroglycerin Crossover Study 

1 M75 UA 0 6 3V 

2 M50 UA + 36 3V 

3 M55 UA + 72 3V & LM 

4 M81 UA-p-MI + 0 — 

5 M65 UA + 9 3V 

6 F70 UA 0 36 2V & LM 

7 F62 UA-p-MI + 1 3V 

8 M62 UA-p-MI t 84 3V 

9 M53 UA 0 120 2V 
10 M55 UA-p-MI + 72 3V 
11 F63 UA 0 12 — 
12 F75 UA T 48 — 
13 M38 UA-p-MI + 27 Spasm 
14 F63 UA 0 12 No CAD 
15 F65 UA 0 13 No CAD 
16 M75 UA-p-MI + 120 3V 
17 M70 UA + 240 3V 


CAD = coronary artery disease; Cath. = catheterization; LM = left main coronary artery disease; p-MI = after acute myocardial infarction; UA 
= unstable angina; 1V, 2V and 3V = 1, 2 and 3-vessel disease, respectively; + = yes; 0 = no; — = none. 


studies have demonstrated beneficial effects of adding 
i.v. nitroglycerin to prior medical therapy in patients 
admitted to a coronary care unit with the diagnosis of 
unstable angina.?-? If episodes of chest pain at rest are 
brought under control with i.v. nitroglycerin therapy, 
and if one wishes to continue nitrate therapy, it would 
be necessary to switch to a route of administration that 
could be continued on a regular medical floor and then 
on an outpatient basis. Sublingual, buccal, oral and 
topical nitrate preparations with durations of action of 
14 to 6 hours are available. However, all require mul- 
tidose administration for continuous prophylactic 
therapy. Recently, transdermal delivery systems have 
been developed that propose to deliver nitroglycerin 
continuously for 24 hours.® 

The present study has 2 parts. The first part is a 
prospective study that tested the hypothesis that a 10% 
reduction in mean arterial pressure is a safe and effec- 
tive initial endpoint for the titration of i.v. nitroglycerin 
in patients with unstable angina. The second part is a 
retrospective study that tested the therapeutic strategy 
of adding i.v. nitroglycerin to prior medical therapy and 
also tested the hypothesis that patients whose unstable 
angina is controlled after the addition of i.v. nitroglyc- 
erin could be crossed over to transdermal nitroglycerin 
with continued control of their episodes of chest pain 
at rest. 


Methods 


Patient groups: Prospective study: Nine nonconsecutive 
patients admitted to The Johns Hopkins Hospital Coronary 
Care Unit with the diagnosis of unstable angina were entered 


d 


into the prospective study, which tested the safety and efficacy 
of a 10% reduction in mean arterial pressure as the initial ti- 


tration endpoint for i.v. nitroglycerin therapy (Table I). The — 


study group consisted of patients who had had 1 or more ep- 
isodes of chest pain at rest associated with at least 1 mm of 
ST-segment elevation or depression during the 12 hours be- 
fore initiation of the nitroglycerin infusion. Patients were 
selected by daytime presentation and availability of the re- 
search nurse. Exclusion criteria included: (1) systolic blood 
pressure less than 100 mm Hg, (2) severe liver or renal disease, 
(3) suspected increased intracranial or intraocular pressure, 
and (4) constrictive pericarditis or pericardial tamponade. 
All 9 patients had obtained relief of their last chest pain 
episode with 1 or more 0.4-mg sublingual nitroglycerin tablets. 
Seven of 9 patients were taking long-acting nitrates, 3 were 
taking f blockers and 4 were taking calcium channel blockers 
before admission to the coronary care unit (Table II). Cardiac 
catheterization was performed in 8 of 9 patients (Table I). 
Retrospective study: Seventeen consecutive patients were 
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admitted to The Johns Hopkins Hospital Coronary Care Unit — 


during a 1-month period with unstable angina or acute myo- 
cardial infarction (AMI) with the subsequent development 
of angina at rest. All were under the care of 1 cardiologist 


: =s 


(J.T.F.) and all, therefore, were treated with a single thera- — 
peutic strategy. Two patients (nos. 16 and 17) still had chest — 
pain after the addition of i.v. nitroglycerin and therefore un- — 
derwent urgent coronary bypass surgery (Table I). Ten of the — 
remaining 15 patients, having responded to the addition of 


i.v. nitroglycerin, had their infusion tapered and crossover to 


transdermal therapy accomplished without alteration of their A 


concurrent medications and without addition of other anti- 
anginal or vasoactive (e.g., antihypertensive) medications. In 


f 


3 


1 
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these 10 patients an ischemic etiology for chest pain was doc- _ 
umented by coronary angiography (9 patients) or by a docu- — 


mented MI (1 patient) (Table I). The remaining 5 patients 
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TABLE Il Prior Medications and Clinical Outcomes 


a ee quU 


Final i.v. Chest Pain 

Long-Acting Chest Pain Infusion After i.v. 

Nitrates B Blockers Ca** Blockers During Rate Endpoint 

Pt. (dose/24 hours) (mg/24 hours) (mg/24 hours) Titration (ug/min) Reached 

Prospective Intravenous (i.v.) Nitroglycerin Titration Study 
1 Paste 18" P80 0 0 5 0 
2 0 0 N80 0 56 0 
3 0 0 V120 T 15 0 
4 Paste 20" 0 0 0 88 0 
5 Paste 7.5" 0 0 0 250 0 
6 TD 10 mg/24 hours P60 0 0 18 0 
7 TD 15 mg/24 hours P40 N40 + 16 0 
8 ISDN 120 mg 0 N40 0 8 0 
9 Paste 9” 0 0 0 12 0 
See ee AO 
Final i.v. Chest Pain Final Chest 
Long-Acting Infusion After i.v. TD-NTG Pain on 
Nitrates B Blockers Ca** Blockers Rate Endpoint Dose Initial 
Pt. (dose/24 hours) (mg/24 hours) (mg/24 hours) (44g/min) Reached (cm?) TD Dose 
E Retrospective Intravenous to Transdermal Nitroglycerin Crossover Study 

1 Paste 12” A50 N120 60 0 50 0 
2 0 P80 N120 60 0 30 0 
3 ISDN 60 mg P160 N40 10 0 10 0 
E 0 0 0 50 0 40 0 
5 ISDN 60 mg 0 V640 16 0 (20) 40 i? 
6 0 0 0 200 0 70 0 
7 TD 5 mg/24 hours 0 N80 (110) 160 1 50 0 
8 Paste 24” 0 V240 196 0 40 0 
9 ISDN 80 mg 0 N80 14 0 40 0 
10 ISDN 160 mg 0 N160 44 0 (60) 80 + 





Values in parentheses indicate dose after titration to the hemodynamic endpoint, before upward titration to the final dose after a chest pain 


episode. 


A = atenolol; ISDN = isosorbide dinitrate; N = nifedipine; NTG = nitroglycerin; P = propranolol; Paste = 2% nitroglycerin ointment; TD = 


transdermal nitroglycerin patch; V = verapamil; 0 = absent; + = present. 


either required addition of other vasoactive drugs or did not 
have an ischemic cause for their chest pain documented. Two 


. patients (nos. 11 and 12) with a prior history of hypertension 


required the addition of oral hydralazine or alpha methyldopa 
during crossover in order to control blood pressure. One pa- 
tient (no. 13) had coronary spasm with near-normal coronary 
arteries demonstrated on coronary angiography and therefore 
had his dose of calcium blocker (nifedipine) increased em- 
pirically. The final 2 patients (nos. 14 and 15) had normal 
coronary arteries demonstrated on coronary angiography with 
negative results on ergonovine stimulation tests. 

The transdermal nitroglycerin delivery systems maintained 
control of chest pain at rest in all 15 patients initially re- 
sponding to the addition of i.v. nitroglycerin to their prior 
medical therapy. However, this study concentrates attention 
on the 10 patients with a documented ischemic cause for their 
chest pain and no change in antianginal or other vasoactive 
drugs during crossover (patients 1 to 10, Table I). In this 


well-defined subgroup, there were 8 men and 2 women (7 


white and 3 black) and the mean age was 63 + 10 years (+ 


_ standard deviation). Six patients had an admission diagnosis 
of unstable angina. Four patients had AMI documented by 


an increase in MB-creatine kinase blood levels, and subse- 
quently had unstable angina without reelevation of cardiac 
enzymes. Seven of the 10 patients had a history of MI. The 
mean duration of stable exertional angina before the present 
admission was 41 + 42 hours. Four patients had undergone 
coronary artery bypass surgery and 1 patient had undergone 
transluminal angioplasty. All 6 patients with unstable angina 
without recent AMI had had multiple episodes of chest pain 
at rest during the 24 hours before admission to the coronary 
care unit. The 4 patients with post MI unstable angina had 


. atleast 1 episode of chest pain at rest during the 3 hours before 


the initiation of i.v. nitroglycerin therapy. All had obtained 


relief of their last chest pain episode with 1 or more sublingual 
nitroglycerin tablets (mean dose 1.1 + 0.6 mg). Eight of the 
10 patients were receiving calcium channel blockers and 3 
patients were receiving 6 blockers before admission (Table 
II). In all patients, calcium channel blocker and 6-blocker 
therapy was continued at the same doses given when they 
entered the coronary care unit during i.v. nitroglycerin ther- 
apy, during the subsequent crossover period and for at least 
24 hours thereafter. 

Experimental protocol: Prospective study: Baseline mean 
arterial pressure was determined by averaging 6 measure- 
ments of blood pressure taken at 5-minute intervals over a 
30-minute period. Blood pressure was measured using an ul- 
trasonic blood pressure cuff (Infrasonde), which displays 
systolic, diastolic and mean arterial pressure. The nitroglyc- 
erin solution was prepared by adding a 10-ml ampule of Tri- 
dil® (American Critical Care) that contained 50 mg of nitro- 
glycerin to 500 ml of 5% dextrose in water or 0.9% normal 
saline solution in glass bottles to produce a final concentration 
of 100 ug/ml. If the infusion rate exceeded 160 ug/min, then 
the concentration of nitroglycerin was increased to 400 ug/ml 
by adding 4 ampules to 500 ml. A special polyethylene plastic 
administration set (Tridil Set, American Critical Care), into 
which absorption of nitroglycerin is less than 1%, was used 
with all infusions. The i.v. infusion of nitroglycerin was ad- 
ministered with an IMED 922 infusion pump at an initial rate 
of 4 to 5 ug/min and the infusion rate increased at prescribed 
intervals until a 10% reduction in mean arterial pressure was 
reached or systolic pressure decreased to 90 mm Hg. Blood 
pressure was measured 3 minutes after each change in infusion 
rate. If mean arterial pressure decreased 3% or less from 
baseline, the infusion rate was immediately increased to the 
next level. Dose increments were set at 5 ug/min between 5 
and 20 ug/min, 10 ug/min between 20 and 40 ug/min, 20 
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ug/min between 40 and 80 ug/min, 30 ug/min between 80 and 
200 ug/min and then 40 ug/min between 200 and 640 ug/min. 
If the mean arterial pressure decreased 4 to 6% from baseline 
after 3 minutes, then no change in infusion rate was made for 
a total of 10 minutes. If after 3 minutes the initial decrease in 
mean arterial pressure was 7% or more, then the infusion rate 
was returned to the previous rate for 10 minutes and a one-half 
increment attempted. When mean arterial pressure ap- 
proached the desired level, fine adjustments to achieve the 
exact hemodynamic endpoint were carried out with incre- 
ments of less than 5096 of the previous increment, at 10-minute 
or more intervals. Back titration was allowed if the reduction 
in mean arterial pressure exceeded 10% or if adverse reactions 
occurred. Episodes of chest pain with associated electrocar- 
diographic changes occurring during the titration period were 
treated with sublingual nitroglycerin before continuing ti- 
tration. Crossover to transdermal nitroglycerin before dis- 
charge from the coronary care unit was carried out with- 
out a specific crossover protocol by the patient's attending 
cardiologist. 

Retrospective study: The infusion of nitroglycerin was in- 
itiated at 4 to 5 ug/min, and the infusion rate was increased 
stepwise until a 10 to 15% reduction in mean arterial pressure 
was achieved. The final i.v. infusion rate, once achieved, was 
maintained for 8 to 48 hours. If the patient remained pain free, 
crossover to transdermal nitroglycerin patches was begun. 
Crossover was initiated by reducing the infusion rate of i.v. 
nitroglycerin by approximately 5076 and a 5-mg/24-hour 
transdermal nitroglycerin patch was applied (Nitrodur®, Key 
Pharmaceuticals). If after at least 30 minutes of observation 
the systolic blood pressure had not increased at least 10%, the 
i.v. infusion rate was decreased further. If the systolic blood 
pressure increased at least 10%, or an episode of chest pain 
occurred, then another 5- or 10-mg/24-hour nitroglycerin 
patch was added. This sequence was repeated until the i.v. 
infusion was discontinued with the patient's blood pressure 
remaining at or near the level achieved with i.v. nitroglycerin. 
In 3 patients (nos. 4, 5 and 6) with initially low arterial pres- 
sures (mean arterial pressure between 72 and 88 mm Hg) after 
an initial 3 to 1096 reduction had been obtained by cautious 
titration, mean arterial pressure was observed to increase 
above control levels before crossover to transdermal therapy. 
In these 3 patients, transdermal patches were titrated to re- 
duce mean arterial pressure approximately 10% below this new 
baseline level. Additional 5- or 10-mg/24-hour patches could 
be applied if an episode of chest pain occurred after the initial 
blood pressure endpoint had been reached. 


Results 


Prospective study: The mean final infusion rate of 
i.v. nitroglycerin required to obtain a 10% reduction in 
mean arterial pressure was 64 + 80 ug/min (range 5 to 
250). Although the formal experimental protocol was 
complete 1 hour after reaching the final maintenance 
infusion rate, clinical outcomes were recorded up to the 
time of the patient's discharge from the coronary care 
unit. After reaching the final infusion rate, no further 
episodes of chest pain at rest occurred in 8 of the 9 pa- 
tients studied (Table I). The remaining patient had a 
single episode of chest pain after 24 hours of i.v. therapy, 
but had no additional chest pain episodes after a single 
additional upward titration. Two of these 9 patients 
(nos. 4 and 8) subsequently underwent bypass surgery, 
not because of a recurrence of unstable angina, but be- 
cause of the severity of the fixed coronary disease doc- 
umented at coronary angiography. One of these 2 pa- 





tients (no. 4) was maintained with i.v. nitroglycerin until 
surgery. One patient (no. 1), after undergoing cardiac 
catheterization, was believed not to be a surgical can- 
didate because of the presence of extremely severe distal 
vessel disease and poor left ventricular function. The 
patient remained pain free for 10 days with i.v. nitro- 
glycerin therapy before dying from left ventricular - 
failure. Seven patients, including 1 of the patients who — 
underwent elective surgery, were weaned off i.v. nitro- 
glycerin and switched to transdermal nitroglycerin 
patches (5 to 20 mg/24 hours) without a specific cross- 
over protocol. No further chest pain episodes occurred 
after crossover in any of these 7 patients up to the time 
of their discharge from the coronary care unit. 

Hemodynamic changes: Systolic pressure was re- 
duced after the addition of i.v. nitroglycerin from 130 
+ 15to 116 + 15 mm Hg, a 10.9 + 6.2% reduction from 
control. Mean arterial pressure was similarly reduced 
from 95 + 10 to 85 + 9 mm Hg, a 10.6 + 1.8% reduction 
from baseline (range 7 to 13%). 

Clinical outcome: Three patients had transient 
episodes of chest pain during upward titration of the 
nitroglycerin infusion. Six patients had no alteration of 
their antianginal regimen with the exception of nitrates 
(Table II). In 1 patient nifedipine was increased from 
40 to 80 mg/day and in another patient nifedipine was . 
added at 120 mg/day for empirical reasons, despite no 
further episodes of chest pain after reaching the final 
infusion rate of i.v. nitroglycerin. In the remaining pa- 
tient propranolol was increased from 60 to 80 mg/day, 
again despite no further chest pain having occurred. 

Retrospective study: In the subgroup of 10 patients 
included in our retrospective study, the mean duration 
of i.v. nitroglycerin treatment was 36 + 26 hours, and 
the mean final infusion rate was 84 + 74 ug/min (range 
10 to 200). One patient had a single episode of chest pain 
after the initial hemodynamic endpoint had been 
reached, prompting an additional upward step of ti- 
tration to the final maintenance infusion rate. After the 
final maintenance infusion rate had been established, . 
none of the 10 study patients had further episodes of — 
chest pain. During the crossover period the i.v. infusion 
rate was decreased stepwise at 51 + 31-minute intervals 
until the infusion was discontinued. Crossover was ac- 
complished by stepwise addition of nitroglycerin 
patches at 104 + 74-minute intervals using 5- or 10- 
mg/24-hour dose increments (mean 7.5 mg/24 hours), 
attempting to maintain as closely as possible the mean 
arterial pressure level achieved after initiation of i.v. 
therapy. Two patients (nos. 5 and 10) had an episode of 
chest pain during the first 24 hours after the initial 
blood pressure-defined crossover had been carried out. 
In both patients, an additional 10-mg/24-hour dose of 
transdermal nitroglycerin was required to restore blood | 
pressure, which had increased during the interim from _ 
its initial level after crossover. Both patients remained 
pain free after this final transdermal dose was estab- - 
lished (22.5 + 10 mg/24 hours [range 5 to 40]). The mean 
interval required for crossover was 4.8 + 2.8 hours. 

Hemodynamic changes: Mean control systolic blood 
pressure was 138 + 20 mm Hg. After institution of i.v. | 
nitroglycerin therapy, systolic pressure was reduced to — 
117 + 14 mm Hg, a mean decrease of 14 + 8% from the | 


.. control level (p <0.001) (Fig. 1). One hour after cross- 


over to the transdermal nitrate preparation, systolic 
pressure was 114 + 1 mm Hg, which was not signifi- 
cantly different from 112 + 19 mm Hg measured just 


_ before the tapering of i.v. therapy was begun. Likewise, 
_ 24 hours after crossover, systolic pressure was 115 + 15 
. (not significant [NS] vs levels after final i.v. or 1 hour 
. after crossover). Thé mean control diastolic pressure 
— was 82 + 19 mm Hg, decreasing from 12 + 5% to 73 + 11 


.. mm Hg after initiation of i.v. nitroglycerin (p <0.001). 


"REC TLS TT > 


& oae t - 


[ ORTA Re 17702 IP IET TES 


ARTERIAL PRESSURE 


. One hour after crossover to transdermal therapy, dia- 
stolic pressure was 70 + 8 mm Hg (NS vs 73 + 10 mm 


Hg measured before| tapering the i.v. infusion). The 
average control mean arterial pressure was 101 + 18 mm 


. Hg, decreasing from 12 + 8% to 87 + 11 mm Hg after 
- titration of the i.v. infusion (p «0.001) (Fig. 1). One hour 
. after crossover to nitroglycerin by transdermal delivery, 


the mean arterial pressure was 85 + 9 mm Hg (NS vs 86 
+ 11 mm Hg measured just before crossover was begun). 
Likewise, 24 hours after crossover, mean arterial pres- 


. sure was 85 + 11 mm Hg (NS vs levels after final i.v. or 


1 hour after crossover). The mean heart rate was 75 + 
18 beats/min during the control period, 75 + 13 beats/ 


. min before tapering of i.v. nitroglycerin was begun, and 


76 + 11 beats/min 1 hour after crossover to transdermal 
therapy (NS). 

Clinical outcome: During the 24-hour period after 
crossover to the final transdermal nitroglycerin dose, 
no further episodes of chest pain occurred in the 10 
patients under discussion. Seven of the 10 patients had 


no further episodes of chest pain at rest during the re- 


mainder of their hospitalization and were discharged 


. with the same medical regimen given at the time of their 
transfer from the cordnary care unit. One patient (no. 
_ 1) had recurrent chest|pain episodes at rest 8 days after 
_ discharge from the coronary care unit. This patient 





failed to respond to the reinstitution of i.v. nitroglycerin 
. and immediately underwent coronary bypass surgery. 

The 2 remaining patients each had a recurrent episode 
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FIGURE 1. Arterial pressure response to intravenous (IV) and trans- 
dermal (TD) nitroglycerin. Solid line indicates systolic pressure during 
control period before initiation of IV nitroglycerin. IV final — systolic 
pressure at the end of the IM infusion just before beginning tapering; 
IV initial — systolic pressure after initial titration; TD 1 hour — systolic 
pressure 1 hour after crossoyer to the TD preparation; TD 24 hours — 






systolic pressure 24 hours after crossover. 





of chest pain at rest after transdermal nitroglycerin 
therapy was discontinued (patient 4) or the dose was 
reduced (patient 8) 4 days after discharge from the 
coronary care unit. After transdermal nitroglycerin had 
been restarted (patient 4) or the dose restored (patient 
8), neither patient had further episodes of chest pain 
and were discharged from the hospital receiving the 
same dose of transdermal nitroglycerin given at the time 
of their discharge from the coronary care unit. The only 
change in medical regimen before hospital discharge 
occurred in patient 4 who had taken atenolol, 50 mg 
once a day (added empirically to his medical regimen 
on day 2), despite apparent clinical success with trans- 
dermal nitroglycerin alone. 

Adverse reactions: In 2 patients, minor adverse 
reactions were noted during upward titration of the i.v. 
nitroglycerin infusion. Both had transient hypotension, 
which was corrected immediately by decreasing the 
infusion rate; 1 had associated transient sinus brady- 
cardia (54 beats/min). 

Methods of data analysis: All data are presented as 
mean + standard deviation. Statistical analysis used 
2-tailed Student t tests for paired values. 


Discussion 


Intravenous nitroglycerin has been demonstrated to 
be effective therapy for congestive heart failure com- 
plicating AMI,’ for acute hypertension developing 
during and after cardiac surgery,8? and for the induction 
of controlled hypotension during certain surgical pro- 
cedures.!?:!! Intravenous nitroglycerin is also a valuable 
addition to our medical management of unstable angina 
when episodes of chest pain continue to occur at rest 
despite maximal nonparenteral medical therapy.3-5 In 
the present study, all 9 patients entered into the pro- 
spective titration protocol and 15 of 17 consecutive 
patients examined retrospectively became pain free 
after addition of i.v. nitroglycerin to their prior medical 
therapy. 

The choice of a 10% reduction in mean arterial pres- 
sure as the initial titration endpoint was arbitrary, but 
was the same endpoint that was found to be safe and 
effective in our recent randomized, placebo-controlled 
clinical trial of i.v. nitroglycerin treatment in patients 
with AMI.!? During previous studies using short-term 
infusion of i.v. nitroglycerin, invasive hemodynamic 
monitoring documented that by the time that a 10% 
reduction in mean arterial pressure had been reached, 
significant reductions in both left ventricular filling 
pressure and peripheral vascular resistance had already 
been achieved.?!? Although a 10% reduction in mean 
arterial pressure was used as the titration endpoint in 
the present study, it may be more convenient for most 
coronary care units (in which mean arterial pressure 
determination must be done manually) to titrate to a 
10 to 20% reduction in systolic arterial pressure, de- 
pending on the patient's baseline blood pressure. 

Three previous studies document the efficacy of i.v. 
nitroglycerin in unstable angina unresponsive to stan- 
dard medical therapy. Kaplan et al^ reported that 25 of 
35 patients (71%) became pain free and 8 others (23%) 
achieved a more than 50% decrease in the number of 
episodes per day of angina at rest. Success rates of 74 to 


" 2 





86% were reported by Mikolich et al? in 47 patients. 
Curfman et al? also observed a significant decrease in 
the number of pain episodes per day. However, only 5 
of 14 patients (36%) became pain free. Curfman's pro- 
tocol required administration of a dose of B blocker 
sufficient to reduce heart rate at rest to less than 55 
beats/min before the initiation of i.v. nitroglycerin 
therapy. Beta blockers potentiate coronary vasocon- 
striction in patients with vasospastic angina, presum- 
ably by allowing unopposed a-adrenergic stimula- 
tion.!415 In the presence of 50% or greater luminal 
narrowing by a fixed eccentric coronary lesion, even a 
small change in the remaining circumference of the 
vessel would result in a marked decrease in blood flow 
to the region of myocardium supplied by that vessel (i.e., 
“a dynamic stenosis").16.17 This discussion is not meant 
to imply that 6 blockers may not be beneficial in some 
subgroups of patients with unstable angina. In a re- 
cently completed double-blind randomized placebo 
controlled trial, Gottlieb et al,!8 at this institution, 
demonstrated a decrease in the frequency of symp- 
tomatic and asymptomatic ischemic episodes with 
propanolol therapy in patients with unstable angina 
who were already receiving nitrates and the calcium 


, blocker, nifedipine. 


bc 


Chierchia et al!? documented in the catheterization 
laboratory that the initial abnormality during an epi- 
sode of angina at rest was a decrease in coronary sinus 
O» saturation, suggesting a decrease in O» supply rather 
than an increase in O5 demand. Based on these con- 
siderations, management of unstable angina should 
concentrate on pharmacologic therapies that act pri- 
marily, although not solely, on the supply side of the 
myocardial supply/demand equation. Nitrates not only 
decrease systolic arterial pressure and left ventricular 
end-diastolic pressure (primary determinants of myo- 
cardial oxygen demand), but also dilate large extramural 
coronary arteries and some eccentric coronary stenoses, 
thereby potentially increasing myocardial O» supply. 
Nitroglycerin may also improve myocardial O» supply 
by dilating intercoronary collateral channels. By di- 
lating collateral vessels, nitroglycerin could increase 
blood flow to ischemic regions of myocardium supplied 
by severely stenosed or even occluded vessels.???! Cal- 
cium channel blockers reduce arterial pressure, pe- 
ripheral vascular resistance and myocardial contrac- 
tility, which act to reduce myocardial O2 demand. Like 
nitrates, calcium channel blockers also act to improve 
O» supply by dilating or preventing vasospasm in large 
extramural coronary arteries. Beta blockers, in contrast, 
act primarily on the demand side by decreasing heart 
rate and contractility, and only secondarily on the 
supply side by redistributing coronary blood flow to 
deeper subendocardial layers.?? 

'Transcutaneous delivery of nitroglycerin can be ac- 
complished by application of 2% nitroglycerin ointment 
every 4 to 6 hours for prophylactic treatment of angina. 
However, nitroglycerin ointment is inconvenient to 
apply and the surface area of application becomes an 
important uncontrolled variable. Reichek et al?? re- 
ported that nitroglycerin ointment in doses of 1.5 to 19.0 
mg significantly decreases systolic arterial pressure and 


| - significantly increases heart rate and exercise duration 


in patients with stable exertional angina 1 and 3 hours 
after application. After 2 to 3 months of administration, 
significant hemodynamic and antiischemic effects could 
still be demonstrated. Their study design involved 
progressive dose titration in individual patients. 

The new transdermal delivery systems, in addition 
to being more convenient, precisely control the surface 
area of skin used for drug delivery. Muller et al® re- 
ported uniform plasma concentrations of nitroglycerin 
for 24 hours after application of 1 or more transdermal 
patches. Hemodynamic effects appeared to be relatively 
constant between 2 and 10 hours after patch applica- 
tion, with some attenuation or decrease in the magni- 
tude of the hemodynamic effects evident at the end of 


24 hours. However, peripheral venous plasma concen- _ 
trations were low (0.03 to 0.72 ng/ml) when doses of 5. 


to 20 mg/24 hours were used, compared with 0.1 to 2.24 
ng/ml after use of 0.6-mg doses of sublingual nitroglyc- 
erin or 12-mg doses of 2% nitroglycerin ointment.?* 

Acute clinical studies testing transdermal nitro- 
glycerin delivery systems in patients with stable angina 
pectoris generally have revealed improved exercise 
tolerance 2 to 6 hours after patch application but have 
yielded conflicting results after 24 hours. Thomp- 
son,2526 in a double-blind, placebo-controlled, crossover 
study, using doses of 10 to 20 mg/24 hours, reported 
significant increases in the duration of exercise after 2 
and 26 hours. Hollenberg and Go?? documented an in- 
crease in exercise time to 1 mm of ST-segment depres- 
sion with 2.5 to 10-mg/24-hour doses of transdermal 
nitroglycerin, which was comparable to the increase 
obtained with sublingual nitroglycerin. In contrast, 
Reichek et al,28 in a double-blind, placebo controlled 
trial, reported increased exercise duration 4 and 8 hours 
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after patch application, but minimal effects after 24 


hours using “maximally tolerated” transdermal nitro- 
glycerin doses of 20 to 25 mg/24 hours. At smaller doses 
(mean 9 mg/24 hours) Reichek et al found no significant 
increase in exercise duration at any time point. How- 
ever, the presence of other antianginal drugs in most of 
their patients may have limited the magnitude of ben- 
efit obtainable from nitroglycerin alone. Parker and 
Fung,?? using doses of 15 to 45 mg/24 hours, showed 
dose-dependent reductions in systolic blood pressure 
and increases in exercise duration at 2 and 4 hours, but 
at 24 hours differences were significant only for the 
45-mg/24-hour dose. The need for higher doses was also 
emphasized by Rajfer et al?? in a study performed in 
patients with congestive heart failure. Transdermal 
nitroglycerin at a mean dose of 26 + 3 mg/24 hours re- 
duced left ventricular filling pressure and systemic 
vascular resistance and increased stroke volume and 
cardiac index throughout the 24-hour period after patch 
application. 

'The present study shows that a wide range of nitro- 
glycerin infusion rates (10 to 200 ug/min) were required 


to reach the same hemodynamic endpoint in individual _ 


patients. Likewise, a wide range of transdermal patch 


doses (5 to 40 mg/24 hours) were required to accomplish : 
crossover. These findings emphasize the need for indi- - 


vidual patient titration and suggest the need for higher 
dose patches (20 to 40 mg/24 hours) if high-dose 
transdermal therapy is to be continued chronically. 
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The present stud has at least 2 design limitations. 


. First, the formal crossover study was retrospective. 
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Second, no placebo-treated control group was studied. 
Although all or part of the clinical improvement could 
have occurred spontaneously, several admittedly an- 


. ecdotal observations| tend to support a beneficial role 


of nitroglycerin. The 2 patients in whom transdermal 
nitrate therapy was| either reduced or discontinued 
immediately had an episode of chest pain at rest. Fur- 
thermore, both these patients became pain free when 
transdermal nitroglycerin treatment was restored to its 
previous dose. In addition, the 2 patients who had an 
episode of chest pain during the first 24 hours after 
crossover had no further chest pain after their trans- 


dermal dose was increased by 10 mg/24 hours. Finally, 


this short-term study does not consider the issue of 


. hemodynamic attenuation. Whether higher transder- 
mal doses and/or a nitrate-free period will be necessary 


to optimize antianginal effects during long-term therapy 
awaits the results of ongoing clinical trials. 
In summary, the results of the present study, while 


. not ruling out the possibility of spontaneous improve- 
ment, do suggest that the addition of i.v. nitroglycerin 
_ to prior oral antianginal therapy, followed by crossover 


to transdermal nitroglycerin, is a safe and effective 
means of managing patients with unstable angina. 


Acknowledgment: We gratefully acknowledge the tech- 
nical assistance of Michaelene Llewellyn, RN. 
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Ischemia During Angioplasty After Streptokinase: 
A Marker of Myocardial Salvage 


LOWELL F. SATLER, MD, CHARLES E. RACKLEY, MD, CURTIS E. GREEN, MD, 
RANDOLPH S. PALLAS, MD, DAVID L. PEARLE, MD, ALBERT A. DEL NEGRO, MD, 
and KENNETH M. KENT, MD, PhD 





Although thrombolytic therapy can result in lysis of 
a coronary artery thrombus, salvage of myocardium 
as measured by enzymatic, electrocardiographic 
and regional wall motion evaluation has not been 
clearly documented. Many patients after successful 
reperfusion continue to experience recurrent chest 
pain. The presence of recurrent chest pain suggests 
salvaged myocardium. Controlled reocclusion of the 
infarct vessel with the use of coronary angioplasty 


+ may support evidence for myocardial salvage. Ex- 
* perience in 50 patients who underwent angioplasty 


Potential myocardial salvage as a result of thrombolytic 
therapy during acute myocardial infarction (AMI) has 
not been proved. Improvements in regional and global 
function have been inconsistent.!~* Nevertheless, many 
patients have recurrent chest pain after successful 
thrombolysis.? Ischemic pain is presumably a result of 
transient reocclusion of the infarct-related vessel, 
suggesting residual viable myocardium. Rather than 
evaluating the effects of spontaneous transient reoc- 
clusion, a more precise method for detecting viable 
myocardium would be controlled reocclusion of the 


~~ infarct-related vessel accomplished during coronary 


" 


P oi ai 


angioplasty. The development of electrocardiographic 
(ECG) changes or chest pain during angioplasty balloon 
inflation was retrospectively analyzed in patients re- 
cently treated with intracoronary or intravenous 
streptokinase (SK) for an AMI. Then, ischemic mani- 
festations during angioplasty were prospectively eval- 
uated in all subsequent patients receiving intravenous 
SK for AMI. 


Methods 


During an 18-month period, 130 patients with AMI received 
SK: 87 received intracoronary SK, 36 received intravenous SK 
and 7 received intravenous followed by intracoronary SK. 
Criteria for the infusion of SK included: age younger than 70 
years; chest pain less than 12 hours in duration; and more than 
1.0 mm of ST elevation, suggestive of transmural injury. In 
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was reviewed retrospectively. Sixteen of the 50 
patients had electrocardiographic or clinical evi- 
dence of ischemia at the time of balloon inflation. 
Prospectively, all patients who underwent angio- 
plasty after they had received streptokinase were 
evaluated, and 5 of 5 patients had chest pain and 
ST-segment elevation during balloon inflation. The 
development of ischemic changes during balloon 
catheter inflation suggests the presence of persis- 
tently viable, salvaged myocardium after successful 
thrombolysis. (Am J Cardiol 1985;56:749-752) 


patients receiving intravenous SK who had persistent chest 
pain 90 minutes after infusion, emergency angiography was 
performed to assess vessel patency and intracoronary SK was 
infused if the infarct vessel was occluded. Myocardial necrosis 
was confirmed by elevation of creatine kinase isoenzyme levels 
in all patients. Fifty patients had coronary angioplasty per- 
formed 30 minutes to 72 hours after SK administration for: 
recurrent chest pain and ECG changes in the distribution of 
the infarct vessel; and/or greater than 70% residual stenosis 
of the infarct vessel. During intravenous nitroglycerin infu- 
sion, at least 3 inflation-deflation dilatation sequences were 
completed, ranging from 30 to 90 seconds. The minimal peak 
inflation pressure was 2 atmospheres higher than the balloon 
indentation resolution pressure. Side branch occlusion was 
not noted during or after angioplasty. New evidence for 
myocardial ischemia during angioplasty was considered to be 
chest pain during balloon inflation similar to previous pain 
of infarction or ECG changes during balloon inflation, con- 
sisting of ST elevation or depression. (The electrocardio- 
gram was typically a single channel, recording only lead 2 or 
lead 3.) 

Prospectively, all subsequent patients who received intra- 
venous SK were evaluated by determining if the same markers 
for ischemia were present during angioplasty. Five of the next 
7 sequential patients who received intravenous SK with 
clinical evidence for reperfusion had patent infarct-related 
vessels and underwent successful angioplasty. 

Left ventricular wall motion abnormalities were evaluated 
by subjective assessment of the single-plane (45° right anterior 
oblique) or biplane contrast (45° right anterior oblique/25° 
cranial-60? left anterior oblique) ventriculograms, except in 
2 patients who had nuclear ventriculograms because of clinical 
instability. 


Results 


Sixteen of the 50 patients who underwent angioplasty 
had chest pain or ischemic ECG changes during balloon 
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TABLE Il Prospective Evaluation of Patients Undergoing Transluminal Coronary Angioplasty After Streptokinase 





Administration 
Time 96 Sten 96 Sten 96 Sten LVEF 

Pt Route IRV Coll (min) Pre-SK Post-SK Post-TCA (96) WMA CP ECG 

1 IV-IC LAD 0 360 100 90 20 29* AKAL + ST 
H: 
Dk:A* 

2 IV Right 0 90 60 20 50 Hk:PB,PL + sTt 
Ak:D 

3 IV Fo 0 150 80 40 44 Ak:PB, + sTt 
IL,PL 
Hk:D,SL 

4 IV Right 0 300 90 40 55* — Hk:PL* d 

5 IV LAD 0 120 70 50 31 Dk:AL,A + ST 
Ak:S 
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* Obtained by nuclear ventriculogram owing to clinical instability. 
Abbreviations as in Table l. 


inflation (Table I). The infarct-related vessel was the 
left anterior descending artery in 6 patients (38%), the 
right coronary artery in 9 patients (56%) and the left 
circumflex in 1 patient (6%). Collaterals to the infarct- 
related vessel were noted in 4 (25%). The average du- 
ration of chest pain before intervention was 300 + 330 
minutes. The average global ejection fraction for the 


___ group was 56 + 13%. Wall motion abnormalities were 
* identified in 88% of the patients: 40% had akinesia or 


dyskinesia in the infarct-related zones, 24% had both 
akinesia and hypokinesia in the infarct-related zones, 
24% had hypokinesia alone in the infarct-related seg- 
ments, and 12% had no wall motion abnormalities. 
During balloon inflation, 1 patient had chest pain 
only, 6 patients had ECG changes only and 6 had both 
chest pain and ECG changes. In 1 patient, balloon in- 
flation resulted in occlusion of the infarct vessel with the 
development of ST changes but no pain. Two other 


FIGURE 1. Top left, ventriculogram of 
study patient 48 hours after intravenous 
streptokinase administration showing 
akinesia in the diaphragmatic segment 
and hypokinesia in posterobasal seg- 
ment. Top right, angiogram of the right 
coronary artery with a 70% midsten- 
osis 48 hours after infusion of intrave- 
nous streptokinase. The simultaneous 
electrocardiogram is shown. Bottom 
left, coronary angioplasty balloon in- 
flated in the right coronary artery. Pa- 
tient had marked ST elevation and 
chest pain. Bottom right, final angio- 
graphic result after angioplasty. 


patients had marked chest pain before angioplasty, but 
after balloon inflation, which resulted in an improve- 
ment in anterograde flow, chest pain rapidly resolved 
(Table I). Typical ECG changes during balloon inflation 
are shown in Figure 1. 

Five sequential patients underwent coronary angio- 
plasty 48 hours after intravenous SK administration 
(Table II). All showed wall motion abnormalities in the 
distribution of the infarct-related artery. All patients 
had chest pain and ST-segment elevation during bal- 
loon inflation. Thus, balloon occlusion of the infarct- 
related vessel produced or relieved myocardial ischemia 
in 21 of 55 post- AMI patients. 


Discussion 


'The goal of aggressive treatment in AMI is to decrease 
infarct size by limiting necrosis. Thrombolytic treat- 
ment for AMI has not clearly resulted in a reduction in 











the area of necrosis.|-*^ Inherent problems with the 
techniques for assessing infarct size, however, make 
determination of reduction difficult. Creatine kinase- 
MB isoenzymes cannot be used to estimate the extent 
of myocardial necrosis,9-? because reperfusion results 
in “washout” of enzymes from necrotic areas so that the 
relation between infarct size and enzyme levels is not 


. proportional. Electrocardiographic mapping is limited 


-= timation of ischemic che 


in that it can be applied only in anterior or lateral in- 
farcts,?1? and the absolute height of the ST segment is 
affected by intraventricular conduction defects, artifi- 
cial pacemakers, pericarditis, chest wall thickness and 
intervening lung tissue.!! Finally, measurements of 
regional wall motion tà assess infarct size are limited by 
the inability to differentiate infarction from ischemia. 
In addition, there is often a lagging return of mechanical 
function even when reperfusion involves reversibly in- 
jured myocardium, a condition referred to as “stunning” 
of the myocardium.!?.1? 

Clinical myocardial ischemia is characterized by the 
development of chest pain and confirmed by ECG, he- 
modynamic and wall motion abnormalities, which re- 
turn to normal after the ischemic episode. If reperfusion 
of infarcted myocardium salvages tissue, then subse- 
quent transient interruption of coronary flow at the 
same anatomic site should produce ischemia manifested 
by chest pain or ECG) changes. This is supported by 
recurrent episodes of clinical ischemia observed in pa- 
tients after SK administration. 

'The present study was undertaken to examine the 
effects of transient balloon occlusion of coronary blood 
flow at the stenotic site after thrombolysis to detect the 
presence of viable myocardium in the previous area of 
myocardial infarction. |Myocardial ischemia was docu- 
mented in 14 patients undergoing angioplasty during 
balloon inflation. Transient reocclusion resulting in 
myocardial ischemia càn only indicate the presence of 
preserved viable myocardium. In 2 other patients, 
ischemia was resolved with improvement in anterograde 
flow as a result of successful angioplasty. 

The actual percentage of patients with ischemia at 
the time of angioplasty may be higher than the initial 
3296 (16 of 50) documented by retrospective review be- 


. cause (1) ECG changes and chest pain at the time of 


angioplasty were not, systematically recorded; (2) 
monitoring of the electrocardiogram was predominantly 
in leads 2 or 3, which would have resulted in underes- 
ges in balloon inflation in the 
left anterior descending artery; (3) all patients were 
receiving nitroglycerin| at the time of infusion, which 
decreases the potential for provoking ischemia; (4) the 


. duration of balloon inflation was variable, and more 


prolonged inflation could have precipitated ischemia; 
and (5) collateral flow càn attenuate ischemia and again 
decrease the potential for provoking ischemia. Pro- 
spective evaluation of 5 patients who had successful 
coronary angioplasty, however, revealed both chest pain 
and ST changes compatible with ischemia at the time 
of balloon inflation. 

The major limitation of the investigation concerns the 
patients in whom a subtotal occlusion was identified 
before the administration of SK, and the group of pa- 
tients who received intravenous SK, where infarct vessel 
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patency was not initially angiographically identified. 
Although one may conclude that SK can result in no 
benefit to patients with subtotally occluded vessels, 
continued transient or even complete reocclusion of the 
vessel may occur,'‘ and establishment of a lytic state 
may be important in maintaining vessel patency to 
preserve left ventricular function. In the patients re- 
ceiving intravenous SK in which initial infarct vessel 
patency was not angiographically identified, we have 
used the standard clinical criterion for identifying 
successful lysis: resolution of chest pain shortly after 
infusion of the agent.!?-!? In patients with persistent 
chest pain, emergency catheterization was performed 
to evaluate the infarct vessel, at which time intracoro- 
nary SK was administered if there was occlusion. Hence, 
we believed that SK therapy was important in either 
initiating or maintaining infarct vessel patency in all 
patients. 

Although the methods of assessing salvage after re- 
perfusion have limitations, the presence of recurrent 
ischemic events after successful thrombolysis suggests 
viable myocardium. Although major left ventricular wall 
motion abnormalities persist, recurrent ischemia during 
angioplasty after SK administration in a significant 
number of patients supports the concept of preserved 
viable myocardium. 
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CLASSIFIED 





THE MARSHFIELD CLINIC, a 225 physician multispecialty 
group practice, is seeking a second electrophysiologist to 
join an eight member cardiology department. The candidate 
must be Board certified or eligible in cardiology and have 
extensive training in electrophysiology and all aspects of 
arrhythmia evaluation and management. Send C.V. to W. 
Bruce Fye, M.D., Chairman, Cardiology Department, Marsh- 
field Clinic, 1000 North Oak Ave., Marshfield, WI 54449. 


Critical Care Specialist—BC in IM plus BC/BE in 
Cardio. or Resp. or Critical Care. Part-time ICU Director, 
Part-time practice in multisubspec. IM Group. Medical 
School Affiliated. Upstate NY. Please reply to Box 455, 
The American Journal of Cardiology, 875 Third Ave., 
New York, NY 10022. 






































Saudi Arabia 
Graduate Cardiologist and 


Senior Cardiologist in Adult Cardiology 


The Riyadh Cardiac Center, based in the Armed Forces 
Hospital, Riyadh, provides a full range of cardiac services to 
patients drawn from the Arabian Peninsula. Busy unit is prin- 
cipal referral center for the Kingdom of Saudi Arabia and, 
therefore, handles a high proportion of seriously ill patients. 
There is a wide spectrum of disease particularly Rheumatic 
and Congenital Heart Disease sequelae in adults, in addition 
to Coronary Artery Disease. 

There are four divisions: Adult Cardiology, Pediatric 
Cardiology, Cardiac Surgery (including neonates), and 
Cardiac Anesthesia. 

The Adult Cardiology Division presently has 4 Consult- 
ants, with a minimum of 5 years experience at senior level 
required — 2 Senior Registrars, equivalent to Senior Cardiolo- 
gist, with a minimum of 2 years experience in Cardiology 
- 2 Registrars, Graduate Cardiologist — all with American 
Board of Internal Medicine Certification or equivalent. 

Approximately 650 cardiac surgery procedures are per- 
formed annually. The Riyadh Cardiac Center provides higher 
professional training of Saudi Nationals, with daily teaching 
program; teaching background is desirable. 

Interested applicants send resume, copies of diplomas and certificates, 
2 passport-type photos, and salary history to: 


KAMA Enterprises, Inc. 
1515 SW Fifth Avenue, Suite 850 
Portland, Oregon 97201 
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Cardioscans image ís the cost. 





Until now, sophisticated, high-reso- 
lution echocardiography came with 
a high price tag. To get images like 
the one at the top you had to pay 
the cost at the bottom. Interspec 
has changed all that. We developed 
Cardioscan™—the easy-to-use 
echocardiography system that 
P makes high-quality ultrasound 
IE imaging not only possible, but 


== - | affordable. 
p | Unlike other low-cost systems, 

: Cardioscan doesn't sacrifice per- 
formance for price. You get all 
the advantages of larger, hospital- 
scale units—plus, some features 
often not available even on more 
expensive systems. 


$25,000 Cardioscan's affordable image And, Cardioscan has been designed 


looks like this. with the future in mind. You do not 
have to be concerned about your 
system becoming obsolete as echo- 
cardiographic technology advances 
or your clinical needs change. Your 
system will be fully upgradeable 

to keep pace with the demands of 
your practice. 
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The best technology packaged 
in a lightweight, compact design 
There is only one way to under- 
stand the quality Cardioscan de- 
livers. And that is to compare it 
with other units. Even when judged 
against systems costing three 
times as much, Cardioscan more 
than measures up. 


More reasons to decide on 

Cardioscan 

= Superior image quality and reso- 
lution in both 2-D and M-mode. 

= Logically grouped, easy-to-learn 
controls let you concentrate on 





$90,000 At more than three times the cost 

of Cardioscan, their image looks the patient, not the instrument. 

the same. m On-line or off-line calculations 
capability means calculations 
and annotations can be per- 
formed during patient examina- 
tions, or later in video playback. 


= Triple image memory means you 
can store up to three images and 
select the preferred one for cal- 
culations and/or hard copy. 





s ECG with dual trigger enables 
automatic viewing of end-sys- 
tolic and end-diastolic images 
from the same cardiac cycle. 


m Small, lightweight transducer 
available in a variety of fre- 
quencies and focal zones helps 
make Cardioscan adaptable to a 
wide range of applications. 


The Cardioscan Doppler 
In keeping with Interspec's com- 
mitment to cardiology, Cardioscan 
has been designed to accept major 
upgrades. One of the first of these 
is the Cardioscan Doppler, which 
¥ adds noninvasive hemodynamics to 
your diagnostic capabilities. With 
pulsed, high PRF, continuous wave 
and comprehensive calculations, 
this Doppler is truly state-of-the-art. 


Reliable service 
Because Cardioscan is made in the 
U.S., availability of parts is never 
a problem. A complete service policy 
includes rapid response to calls 
and a loaner program to assure 
maximum up-time. Compare our image. Compare our price. 
Compare our features. 


Then contact Interspec today. 





IrXYerseec 


Supporting health care 1100 E. Hector Street 
with affordable high technology Conshohocken, PA 19428 
(215) 834-1511 

(800) 332-3246 

TELEX 754990 











See us at AHA Booth No. 223' 


Initial therapy shoulc 
patients off right 

















start hypertensive 


Minipress for initial therapy 

(prazosin HCl) 

m [s effective when used alone 

u Does not cause a significant incidence of sexual 
impotence, although it has been reported! 

m Does not adversely affect blood lipids*? 

m Does not lower heart rate, cardiac output or 
work capacity? 

m Does not induce potassium wasting" 

m The most common side effects with Minipress 

E are: dizziness, headache, drowsiness, lack of 

Bee. energy, weakness, palpitations, nausea. With 

oe Minipress therapy there is a tendency for side 
be effects to diminish with time. Syncope (sudden 

loss of consciousness) has been reported in 

about 0.15% of patients at an initial dose of 

1 mg and in about 1% of patients at an initial 

dose of 2 mg 


' Minipress is not indicated for the treatment of hyperlipidemia. 
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for Initial Therapy 
in Hypertension 


Please see Minipress brief summary on following page. € 1983, Pfizer Inc. 
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f Summary 
MINIPRESS* \prazoaia hydrochloride) Capsules For Oral Use 
INDICATIONS: MINIPRESS (prazosin hydrochloride) is indicated in the treat- 


ment of hypertension. As an antihypertensive dr g. it is mild to moderate in activ- 
ity. It can be used as the initial agent or it may be employed in a general treatment 
program in conjunction with a diuretic and/or bther antihypertensive drugs as 
needed for proper patient response 
WARNINGS: Minipress may cause syncope with sudden loss of conscious- 
ness. In most cases this is believed to be due to an excessive postural hy- 
potensive effect, although occasionally the syncopal epi has been 
receded by a bout of severe tachycardia with heart rates of 120—160 
ats per minute. Syncopal episodes have gsually occurred within 30 to 
90 minutes of the initial dose of the drug; oc asionally they have been re- 
ported in association with rapid dosage increases or the introduction of 
another re drug into the regimen of a patient taking high 
doses of MINIPRESS. The incidence of syhcopal episodes is — 
mately 1% in patients given an initial dose! of 2 mg or greater. Clinical 
trials conducted during the investigational phase of this por that 
syncopal episodes can be minimized by limiting the initial dose of the 
a" to 1 mg, by subsequently increasing the dosage slowly, and by intro- 
ducing any ional Tear pee drugs into the patient's regimen 
with caution. (See DOSAGE AND ADMINISTRATION.) Hypotension may 
develop in patients given MINIPRESS who are also receiving a beta- 
blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and 
Ireated supportively as necessary. This adverse effect is self-limiting and in most 
Cases does not recur after the initial period of thefapy or during subsequent dose 
titration. 

Patients should always be started on the 1 mg capsule of MINIPRESS. The 2 
and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated 
with Din) of the blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible allverse effects and advised what 
measures to take should they develop. The patient should also be cautioned to 
avoid situations where injury could result should byncope occur during the initi- 
ation of MINIPRESS 20 

Usage in Pregnancy: m^ no teratogenic effects were seen in animal 
testing, the safety of MINIPRESS in pregnandy has not been established 
MINIPRESS is not recommended in pregnant women unless the potential benefit 
outweighs potential risk to mother and fetus 

Usage in Children: No clinical experience is available with the use o! 
MINIPRESS in children 
ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS therapy are: dizziness 10.3%, headache 78%, drowsiness 7 696. lack 
of energy 6.9%, weakness 6.5%, palpitations 5.3%, and nausea 4.9%. In most 
instances side effects have disappeared with continued therapy or have been tol- 
erated with no decrease in dose of drug 

The following reactions have been associated with MINIPRESS some of them 
rarely. (In some instances exact causal relationships have not been established ) 

Gastrointestinal: vomiting, diarrhea, constipatiqn, abdominal discomfort and/ 
or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus, alopecia, lichen planus 

Genitourinary: urinary frequency, incontinence, impotence, priapism 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion 

Other: diaphoresis. 

Single reports of pigmentary mottling and seroug retinopathy, and a few reports 
of cataract development or disappearance have been reported. In these instances 
the exact causal relationship has not been established because the baseline ob- 
servations were frequently inadequate 

In more specilic slit-lamp and funduscopic studies. which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings have 
been reported 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted 
according to the patient's individual blood pressure response. The following is a 
guide to its administration 

Initial Dose: 1 mg two or three times a day. (See WARNINGS.) 

Maintenance Dose: Dosage may be slowly incfeased to a total daily dose o! 
20 mg given in divided doses. The therapeutic dosades most commonly employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
20 mg usually do not increase elficacy; however a few patients may benefit from 
further increases up to a daily dose of 40 mg given jn divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen. 

se With Other Drugs: When adding a diuretic or other antihypertensive 
agent, the dose of MINIPRESS should be reduced tb 1 mg or 2 mg three times a 
A and retitration then carried out 
OVERDOSAGE: Accidental ingestion of at least 50 mg of MINIPRESS in a two 
year old child resulted in profound drowsiness and depressed reflexes. No de- 
crease in blood pressure was noted. Recovery was jneventtul 

Should overdosage lead to hypotension, supporto! the cardiovascular system 
is of first importance. Restoration of blood pressure and normalization of heart 
rale may be accomplished by keeping the patient if the supine position. If this 
measure is inadequate, shock should first be treatdd with volume expanders. If 
necessary, vasopressors should then be used. Renal function should be monitored 
and supported as needed. Laboratory dala indicate MINIPRESS is not dialysable 
because il is protein bound 
TOXICOLOGY: Testicular changes, necrosis and atrophy have occurred at 25 mg/ 
kg/day (60 times the usual maximum recommended pose of 20 mg per day in hu- 
mans) in long term (one year or more) studies in fats and dogs. No testicular 
changes were seen in rats or dogs at the 10 mg/kg/day level (24 times the usual 
maximum recommended dose of 20 mg per day in hymans). In view of the testic- 
ular changes observed in animals, 105 palients|on long term MINIPRESS 
(prazosin hydrochloride) therapy were monitored for [17-ketosteroid excretion and 
no changes indicating a drug effect were observed. In addition, 27 males on 
MINIPRESS (prazosin hydrochloride) alone tor up t$ 51 months did not demon- 
strate changes in sperm morphology su Thy of drug effect. 

HOW SUPPLIED: MINIPRESS is available in 1 mg (White #431), 2 mg (pink and 
white #437) capsules in bottles of 250, 1000, and init dose institutional pack- 
ages of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in bottles o! 
250, 500 and unit dose institutional packages of 100 (10 x 10's) 

More detailed information available on request 
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An important new book on 
today’s most virulent epidemic 


From the Publishers of The American Journal of Medicine, 
The American Journal of Surgery, and Cutis 


Acquire Immune 
Deficiency Syndrome (AIDS) 
and Infections of Homosexual Men 


edited by Pearl Ma, PhD, and Donald Armstrong, MD with a 
foreword by David J. Sencer, MD, Commissioner of Health, New 
York City; formerly Director, Centers for Disease Control, Public 
Health Service, U.S. Department of Health and Human Services 
0-914316-38-9, 442 pages, illus., 1984, $39.50 
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The first scientific presentation to review all the 
facts in full 


AIDS has become one of the most publicized diseases in modern times. It has produced fear and 
confusion in the general public and presented a formidable challenge to the medical community. 
Physicians and scientists have begun work on managing this epidemic, disease control centers con- 
tinue to search for answers, and the federal government has declared AIDS the number one 
health priority of the nation. Understanding this disease demands cooperation between many dif- 
ferent medical specialties, and papers or: this subject have been published in many diverse journals 
not regularly read by individual specialists. Now, for the first time, two highly distinguished medical 
experts, Drs. Pearl Ma and Donald Armstrong, have coordinated in one easily accessible volume 
the complete range of interdisciplinary approaches to this complex disease, with contributions by 
the most eminent researchers and physicians in disease control and hospital teaching centers 
throughout the country. Comprehensive coverage is given to the entire spectrum of sexually trans- 
mitted diseases, and an additional section on diagnostic perspectives offers never before published 
material on why this syndrome occurs primarily among homosexual men. For any physician or 
other health care professional interested in the prevention and cure of this modern epidemic, this 
book is an indispensable guide to recognizing and treating AIDS and other sexually transmitted 
diseases. 


Table of Contents 


* PART | SEXUALLY TRANSMITTED DISEASES — NONDIARRHEAL * PART 2 SEXUALLY 
TRANSMITTED DISEASES — DIARRHEAL * PART 3 OTHER SEXUALLY TRANSMITTED 
DISEASES * PART 4 INFECTIOUS AND NEOPLASTIC COMPLICATIONS OF AIDS * PART 5 
IMMUNOLOGICAL EVALUATION METHODS AND CONTROLS * PART 6 DIAGNOSTIC 
PERSPECTIVE 




















Order Form AJCKS | 
Send orders to 
Yorke Medical Books ALL BOOKS SENT ON | 
Box C-757, Brooklyn, New York 11205 30 DAY APPROVAL | 
Please send me the following book: | 
C Acquired Immune Deficiency Syndrome (AIDS) and Infections of Homosexual Men $39.50 (00034) | 
O Enclosed is my check for which includes $1.50 for handling. York pays postage. Same | 
return privilege. New York resdents add appropriate sales tax. Add $5.00 per book for orders outside 
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CARDIOLOGIST (Non-Invasive) to associate with two board certified 
Cardiologists in twenty-two member multi-specialty clinic. Board certi- 
fied or board eligible. Guaranteed salary with incentive bonus. Clinic is 
located in the heart of the Florida citrus industry and lake country. 
1'5 hours to either coast. Immediate drawing area— 90,000. For addi- 
tional information, send C.V. to: Box 465, The American Journal of 
Cardiology, 875 Third Ave., New York, NY 10022. 


PHARMACEUTICAL CAREER OPPORTUNITIES. We have 


assignments for entry and experienced physicians in the 
pharmaceutical industry. Send your curriculum vitae in con- 
fidence to: Bruce Rogers Co., Management Consultants, 20 
Main St., Port Washington, NY 11050. (516) 883-1058. 





CARDIOLOGIST— Progressive, university affiliated New England commu- 
nity hospital seeking state-of-the-art trained interventional cardiologist to 
develop angioplasty program, direct cardiac cath lab and be Assistant Chief 
of Cardiology. Outstanding opportunity to direct, teach, practice and do 
clinical research in rewarding environment. Reply with C.V. to Box 450, 
The American Journal of Cardiology, 875 Third Ave., New York, NY 10022. 


CARDIOLOGIST 

Non-invasive/invasive Certified/Eligible Nuclear/Electrophysiology 
preferred (but not required) to join two man multifaceted practice in 
Sun Belt area. Practice is hospital base, consultative, office, CATH, 
including PTCA, pacemakers, non-invasive testing, including 2D Echo 
and Nuclear. Salary first year leading to partnership. Send CV to Box 
445, The American Journal of Cardiology, 875 Third Ave., New York, 
NY 10022. 


Cardiologist Wanted—A large Cardiology Practice in a major North- 
eastern City is seeking a well qualified Cardiologist to join an estab- 
lished Referral Cardiology Practice. The Practice offers well rounded 
clinical, invasive and non-invasive opportunities, affiliation with a ma- 
jor Medical Center, and a large private Teaching Hospital. Please send 
letter and curriculum vitae to Reply Box 470, The American Journal of 
Cardiology, 875 Third Ave., New York, N.Y. 10022. 


PEDIATRIC CARDIOLOGIST 


Position available for an Assistant or Associate Profes- 
sor at Hahnemann University. Inquiries and CV to Divi- 
sion of Pediatric Cardiology, Broad & Vine, Philadelphia, 
PA 19102 (215) 448-8852. 









CARDIOLOGIST 


To join consultative cardiology practice for large referral 
area. Training in cardiac catheterization, PTCA and non- 
invasive mandatory. Located in South. Send C.V. and de- 
tails about your interests to Box 435, The American Journal 
of Cardiology, 875 Third Ave., New York, NY 10022. 


Cardiologist, non-invasive, to join six man Internal Medicine 
Group in the Piedmont area of N.C. Excellent practice opportu- 
nity, good starting salary, ownership opportunity in one year. 


Immediate opening available. Please send curriculum vitae to: 
Box 460, The American Journal of Cardiology, 875 Third Ave., 
New York, N.Y. 10022. 
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» Introducing 
GenisISs" 
Dual chamber benefits 


with single chamber size 
and longevity. 


Your patient's image in the mirror reflects 1 
brand of pacemaker you choose. Choose th 
new Genisis pacemaker. The thinnest, light 
DDD yet. 


Thinner profile and small size allow for a 
smaller incision. A smaller pocket. A comi 
able fit. Although all patients will benefit fi 
the small size and shape of Genisis, pediatr 
or thin patients having little subcutaneous ti 
will especially appreciate its thin, 8mm pro 
and its light, 42g weight. Genisis also provi 
more years of service than thicker, less 
sophisticated DDD units* 


Choose the newest pacemaker design that m 
your rigid demands and provides safe, effec 
pacing with no compromises. Genisis. 


* Based on comparable output settings and conditions. Data on 
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systems, Inc. 


A Siemens Company 
We design for life™ 


y. 12884 Bradley Avenue 
See Genisis™ and other fine Pacesetter and Sylmar, CA 91342 
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— 8.05) for the overall relation between the 2 


Using multiple gated cardiac blood pool imaging and 
single-plane ventriculography from cardiac cathe- 
terization, 2 independent measures of left ventricular 
(LV) ejection fraction (EF) were determined in each 
of 21 patients. Patients were seen 2 to 6 weeks after 
their first acute myocardial infarction and were free 
of electrocardiographic evidence of conduction 
abnormalities and left or right ventricular hypertro- 
phy. Differences between the 2 measures of LVEF 
were examined and then compared with the extent 
- of myocardial necrosis estimated from the standard 
12-lead electrocardiogram using the complete 
54-criteria/32-point Selvester QRS scoring system. 
Regression analysis yielded an r value of 0.81 (SEE 


Left ventricular (LV) ejection fraction (EF) is often 
used as an estimation of LV function and subsequent 
prognosis after acute myocardial infarction (AMI). 
Radionuclide and contrast ventriculography are the 
methods most often used for measuring LVEF and in- 
tertechnique correlations have consistently been good 
in patients without AMI.? However, comparison of 
LVEF in the immediate post-AMI period measured by 
both radionuclide and contrast ventriculography has 
not been reported. The Selvester QRS scoring system, 
which is based on the standard 12-lead electrocardio- 
gram (ECG), has been shown to correlate significantly 
with AMI size, ^9 and formulas have been developed to 
describe the relation of QRS score to postinfarction 
LVEF.7-!3 Some of these studies have used radionuclide 
angiography?-!?!^ and others, contrast ventriculog- 
raphy®!® as their standard for evaluating other tech- 
niques. In this study, the Selvester QRS scoring system 
was applied to each patient's 12-lead ECG. Correlations 
were made between the 2 methods of LVEF measure- 
ment, the QRS score and each of the methods for de- 
termining LVEF, and the QRS score and the mean of 
the 2 LVEF values. 
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measures of LVEF. Correlation coefficients of 


—0.70, —0.66 and —0.72 were obtained for the 
relations of radionuclide LVEF, catheterization LVEF 
and the mean of these 2 determinations, respec- 
tively, compared with QRS score. A QRS score 4 or 
less achieved 100% specificity and that of 8 or less 
100% sensitivity for predicting an LVEF greater than 
40%. Thus, the Selvester QRS scoring system may 
be of value in identifying patients with or without 
markedly impaired LVEF. This risk stratification may 
be important in reaching optimal postinfarction 
therapeutic decisions. 

(Am J Cardiol 1985;56:753-756) 


Methods 


Study population: Patients were referred for cardiac 
catheterization 2 to 6 weeks (mean 3.75) after their first AMI, 
which occurred between July 1982, and March 1984. Infarc- 


tion was documented by patient history, ECG and enzyme - 
studies; catheterization was performed to evaluate the severity — 
of coronary artery disease and ventricular dysfunction. Pa- . 


tients were required to meet the following inclusion criteria: 


a standard 12-lead ECG taken 24 to 36 hours before cardiac | 
catheterization; a multiple-gated cardiac blood pool scan | 


performed within 48 hours of catheterization; no associated 
valvular heart disease; no evidence on ECG of left or right 
ventricular hypertrophy, left anterior or posterior fascicular 
block or left or right bundle branch block; and no antiar- 
rhythmic medication for frequent premature ventricular 
contractions, atrial fibrillation or ventricular tachycardia. 
Twenty-one patients (19 men, 2 women) met inclusion criteria 
for this study (Table I). Mean age was 58 years (range 39 
to 71). 

Gated blood pool study: A multiple-gated blood pool study 
was performed to measure the radionuclide LVEF within 48 
hours of cardiac catheterization in all 21 patients. Sixteen 
patients had their radionuclide study within 24 hours before 
catheterization; in the other 5, it was performed within 48 
hours after catheterization. 

After red blood cell tagging with pyrophosphate, the mod- 


ified in vitro method was used for the administration of 20to 


24 mCi of technetium-99m sodium pertechnetate. The patient 
was positioned and imaged for an anterior, best septal (left 


anterior oblique) and steep left anterior oblique 70° views. - 


Each projection was acquired via computer (ADAC CDS) for 
6 minutes in a dynamic 64 X 64 X 8 mode in 16 segments. 
Areas of interest from end systole, end diastole and an apical 
background region were determined using an automatic 
edge-detection program. These areas were visually checked 
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TABLE! Demographic Data of 21 Patients 


Age Vessels 
AMI (yr) & 27596 

Pt Location Sex Occluded 
A1 Lat 64M 0 
A2 Lat 63M 1 
A3 Ant 56F 2 
A4 Ant 66M 2 
A5 Ant 40M 2 
A6 Ant 52M 2 
A7 Ant 61M 2 
A8 Ant 66F 2 
A9 Ant 71M 3 
A10 Ant 63M 1 
A11 Ant 52M 1 
I1 Inf 56M 1 
I2 Inf 61M 2 
I3 Inf 55M 2 
l4 Inf 64M 2 
I5 Inf 61M 3 
l6 Inf 51M 2 
I7 Inf 61M 2 
18 Inf 65M 2 
I9 Inf 44M 1 
110 Inf 39M 2 
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QRS RN Cath Mean 
Score LVEF (96) LVEF (96) LVEF (96) 
0 57 56 57 
2 37 46 42 
6 49 47 48 
12 38 42 40 
13 27 29 28 
0 65 68 67 
3 62 58 60 
2 44 67 56 
6 22 30 26 
9 62 57 60 
3 54 59 B7 
13 36 40 38 
0 61 53 57 
2 66 62 64 
10 30 34 32 
1 62 44 53 
5 38 33 36 
8 43 45 44 
1 56 57 57 
8 43 48 46 
7 43 47 45 


Ant — anterior; AMI — acute myocardial infarction; Cath — catheterization; Inf — inferior: Lat — lateral; LVEF — left ventricular ejection fraction; 


RN = radionuclide. 


for accuracy, with manual|correction if necessary, and a global 


_ radionuclide LVEF was détermined using the aforementioned 


program. 
Cardiac catheterization: Patients underwent catheter- 


j ization from either the femoral or brachial artery approach 
_ within 36 hours of their admission ECG. Single plane contrast 
. ventriculography was performed to obtain the “catheteriza- 


_ tion LVEF” before selective coronary angiography. Ventric- 


ulography was accomplished in the 30° right anterior oblique 


. position using 40 to 60 ml pf contrast medium over 2 to 3 sec- 


& XN 


. onds. Tracings of the left ventricle in peak systole and diastole 
. were manually drawn and subsequently digitized to estimate 
_LVEF according to a sta 


dard technique.!6 The degree of 
stenosis in each of the major coronary arteries was visually 
assessed and a “diseased vessel" was defined as one with 75% 
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FIGURE 1. Left ventricular ejection fraction (LVEF) correlation between 
catheterization contrast ventri¢ulography and multiple gated cardiac 
blood pool imaging (RNA) in 21| patients evaluated 2 to 6 weeks after 
acute myocardial infarction. 


QRS scoring system: A point score was determined from 
each patient's ECG using the complete 54-criteria/32-point 
QRS scoring system developed by Selvester et al!7-19 and re- 
fined for specificity and application by Hindman et al.2? ECGs 
were independently scored by 2 trained observers and dis- 
crepancies resolved by conference. 

Statistical analysis: Analyses were performed using the 
Student t test, analysis of variance or both. Correlations be- 
tween LVEF measurements and QRS scores were assessed 
with linear regression analysis. The mean value of LVEF was 
determined as l5(radionuclide LVEF + catheterization 
LVEF). Values were expressed as the mean + standard de- 
viation. A mean LVEF of more than 4096 was selected for as- 
sessing specificity and sensitivity of the various levels of QRS 
score because values of 40% or less are considered indicative 
of marked impairment of LV function. 


Results 


Of the 21 patients studied, 10 had inferior AMI, 9 had 
anterior AMI and 2 had lateral AMI. Four infarcts were 
subendocardial (non-Q-wave). The mean QRS score was 
5.1 + 4.3 points (range 0 to 13). No significant difference 
was noted between the number of QRS points scored by 
patients with anterior AMI (mean 5.5 + 4.3) vs inferior 
AMI (mean 5.6 + 4.4). Table I lists the demographic 
data for these 21 patients. 

Figure 1 displays the regression analysis between 
radionuclide and catheterization LVEF. Mean LVEF 
from catherization was 49 + 12% (range 29 to 68) and 
47 + 13% (range 22 to 66) from radionuclide study; re- 
gression analysis yielded an r value of 0.81 (SEE = 8.05) 
between these parameters. In 13 of the 21 patients (62%) 
the radionuclide LVEF was less than the catherization 
LVEF by an average of 5.696; in 8 patients, radionuclide 
LVEF averaged 5.8% more than catherization LVEF. 
In only 5 of the 21 patients was the difference between 
methods 5% or more. 

Figure 2A depicts the relation of QRS score to ra- 
dionuclide LVEF. The correlation coefficient was —0.70 
(SEE = 9.78). The correlation coefficient for catheter- 
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ization LVEF vs QRS score was —0.66 (SEE = 8.92) 


(Fig. 2B). Further analysis between the mean value of 
both measures of LVEF and the QRS score yielded a 
correlation coefficient of —0.72 (SEE = 8.49). This 
relation was not significantly different from that of each 
method considered independently. 

Figure 3 depicts the sensitivities and specificities 
attained by the various levels of QRS scores for identi- 
fying patients with a mean LVEF of more than 40%. A 
QRS score of 4 points or less achieved 100% specificity 
and that of <8 points 100% sensitivity for predicting an 
LVEF >40%. QRS scores of 5, 6 and 7 were associated 
with both levels (<40% and >40%) of LVEF. 


Discussion 


In this study the relation of the Selvester QRS score 
to both radionuclide LVEF obtained via multiple gated 
blood pool imaging and catheterization LVEF obtained 
via contrast ventriculography was evaluated. The QRS 
scoring system has been reported in a simplified 37- 


criteria/29-point version?! and, recently, in its complete . 


54-criteria/32-point form.2° Previous studies have ex- 
amined the relation of the simplified system to thal- 
lium-201 scintigraphy,?!! radionuclide left ventricu- 
lography?9:1112.44 and clinical, angiographic and prog- 
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FIGURE 2. Correlations between the QRS score from the 12-lead 
electrocardiogram and both measures of left ventricular ejection fraction 
(LVEF). A, relation of QRS score and LVEF as determined by multiple 
gated cardiac blood pool imaging (RNA). B, relation of QRS score and 
LVEF from catheterization single-plane ventriculography. 
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nostic measures.9:1922 This study was unique because 


| it examined the relation of the complete version of the 


scoring system to both radionuclide and catheterization 
LVEF performed in a group of patients with AMI. 

Previous studies examining the relation of radionu- 
clide to catheterization measures of LVEF in non-AMI 
patients have yielded r values ranging from 0.80 to 0.97 
for first-pass techniques,?? and values as high as 0.93 
using computer-generated time-activity curves.1:3:24 
Correlation coefficients have ranged from 0.80 to 0.95 
for LVEF comparisons between single plane ventricu- 
lography and radionuclide techniques in non-AMI pa- 
tients.2? No previous study has evaluated this relation 
in patients immediately after AMI. The correlation 
coefficient of 0.81 for post-AMI patients in the present 
study is at the low end of the reported range. However, 
no systematic difference was noted between the tech- 
niques in the measurement of LVEF. 

The relation between radionuclide and catheteriza- 
tion LVEF in AMI patients might differ from that for 
non-AMI patients because the manifestation of and 
subsequent recovery from AMI varies in individual 
patients. Dyssynergic or asynergic regions, depending 
on their location or severity, might distort one measure 
of LVEF, thus weakening the correlation established 
in non-AMI patients. Limitations of the techniques 
used to measure LVEF might under- or overestimate 
the amount of necrosis responsible for decreased ven- 
tricular function. Thus, it was hypothesized that the 


mean of the 2 techniques would yield a more accurate 


measure of each patient's true LVEF. However, the 
regression analysis of mean LVEF vs QRS score showed 
a relation not significantly different from that when 
each parameter was considered independently. 
Comparison of QRS score to both radionuclide and 
catheterization LVEF (Fig. 2) yielded correlation 
coefficients consistent with previously reported val- 
ues.7-11,15 Scatter about the low-QRS score end of these 
regression lines would be expected because of normal 
compensational variability in hearts with minimal 
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FIGURE 3. Spectrum of specificities and sensitivities per QRS score 
for indicating patients with a mean left ventricular ejection fraction 
(V [radionuclide + catheterization]) of more than 40%. Values of 
specificity and sensitivity are given fcr each CRS score. The circle 
corresponding to a QRS score of <5 points, for example, represents 
a specificity of 83%, indicating that 17% of patients (1 of 6) with an 
LVEF of 40% or less will be falsely included. Similarly, the triangle 
corresponding to the same score represents a sensitivity of 73%, in- 
dicating that 27 % of patients (4 of 15) with LVEF of more than 4096 
will be falsely excluded. 
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ventricular necrosis. In patients with a low QRS score 
and depressed ventricular function, some degree of 
dysfunction may be attributed to residual myocardial 
ischemia. A study recently completed at this institu- 
tion,!? comparing radionuclide LVEF to a QRS score, 
predicted LVEF in patients before and after coronary 
artery bypass grafting|to identify the cause of depressed 
LV function. In that study, Hinohara et al conclude that 
depressed LVEF is due not only to previous AMI, but 
also to ischemia, which may be reversed by coronary 
artery bypass surgery. DePace et al!! have noted that 
ischemia at rest may limit the usefulness of the ECG to 
assess LVEF in the individual patient. Thus, in patients 
with diminished LVEF and a low QRS score, indicative 
of minimal myocardial necrosis, further intervention 
may be beneficial in improving ventricular performance 
and, subsequently, survival after AMI. 

Several studies have evaluated the relation between 
measured LVEF and that estimated by the Selvester 


. QRS scoring system after AMI. Young et al!? reported 


that a low QRS score did not reliably predict a normal 
LVEF in patients with prior AMI; however, they used 
the simplified version of the scoring system and defined 


. anormal LVEF as 250%. Roubin et al, using the sim- 


plified system, subsequently determined that a QRS 
score 77 had a specificity of 97% and a sensitivity of 59% 


for predicting a catheterization LVEF «4595. DePace 


et al!! then described à group of 48 patients who were 
evaluated 2 weeks after AMI; all patients with a QRS 
score <3 had a radionuclide LVEF >40%. 

An LVEF of 40% or less is commonly believed to be 
indicative of marked impairment of LV function and 
is taken into consideration when reaching decisions 
regarding prognosis and therapy. Thus, it would be 
useful to have a quick, inexpensive and readily available 
method for identifying patients with an LVEF above 


_ and below this 40% level. In this study, a QRS score of 
_ 4 or less was required to exclude all 6 patients with a 


mean LVEF of 40% or less (100% specificity), while a 


- score of 8 points or less was required to include all 15 
. patients with a mean LVEF >40% (100% sensitivity). 
. Thus, it appears the Selvester QRS scoring system is an 


effective method for identifying patients with or without 


. diminished LVEF after AMI. Because the number of 
_ patients in this study was relatively small, these results 


require validation in future studies. 
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Infections in a Coronary Care Unit 


WINSTON A. SCHANDORF, MD, RICHARD B. BROWN, MD, MICHAEL SANDS, MD, 
and DAVID HOSMER, PhD 


All infections in patients in an active coronary care 
unit (CCU) over a 3-year period were analyzed to 
ascertain rates, outcomes, pathogens and sites of 
infections. Standard surveillance methods and 
definitions of the Center for Disease Control were 
used. A total of 236 infections were documented in 
200 infected patients. Infection rates were 5 and 2% 
for total and CCU-acquired infections, respectively. 
CCU infections accounted for 11% of nosocomial 
infections that occurred within all critical care areas 
surveyed. Of all documented infections, 131 (56% ) 
were community-acquired and 90 (38%) were 
_acquired within the CCU. Lower respiratory and 
urinary tract infections were most frequently noted, 
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In at least 5% of hospitalized patients within the United 
States, nosocomial infections develop.!-? However, the 
incidence of nosocomial infection in patients in medi- 
cal/surgical intensive care units may be significantly 
greater than this, rates in excess of 20% have been re- 
ported." Many of these infections are device-related 
and may be prevented with appropriate infection con- 
trol measures.?:9-19 

Studies of infection in the coronary care unit (CCU) 
are imprecise. À recent statewide study revealed a rate 
of nosocomial infection of only 1 to 2% within 13 CCUs 


^ that were surveyed.! However, data collection was in- 


£ 


complete and information concerning pathogens, sur- 
vivorship and sites of infection was lacking. The present 
study reviews all infections that occurred in an active 
CCU during the 3 years between 1982 and 1984 with 


regard to origin of infection, outcome status, and both 
the sites and pathogens implicated. This information 


is important in defining an area for potential reduction 


of CCU morbidity and mortality and is a yardstick 


against which other CCUs can gauge their own infection 
rates for quality assurance purposes. 


Methods 


The Baystate Medical Center is a 950-bed teaching com- 
munity hospital associated with the Tufts University School 
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with E. coli, S. aureus, and klebsiella-enterobac- 
ter-serratia most usually implicated. Mortality among 
patients with infections was 31%, compared with 
8 to 12% in those who were not infected. Those with 
lower respiratory infections or primary bacteremias 
had a higher mortality rate than those with infections 
at other sites (p <0.001). Infections are seen in 
close to 5% of CCU patients and may adversely 
affect the survival rate. The mortality rate in infected 
patients may be 3 times higher than that in the 
general CCU population. This study also provides 
data against which other similar institutions can 
gauge their CCU infection rates. 

(Am J Cardiol 1985;56:757-759) 


of Medicine. The institution is the second largest hospital in 
Massachusetts, and admits approximately 40,000 patients 
yearly for a mean stay of 8 days. Five critical care areas ac- 
count for 62 beds (7% of total). The CCU contains 16 beds 
(26% of total critical care beds), all of which are located in 
private rooms. Criteria for admission to the CCU include 
documented or suspected mycardial infarction, unstable an- 
gina, severe arrhythmias and cardiogenic shock. 

The surveillance methods used in our study conformed with 
those recommended by the Centers for Disease Control. 
Trained infection control personnel prospectively surveyed 
all critical care areas on a daily basis and documented infec- 
tions by using standard surveillance methods. Data recorded 
included usual demographic characteristics, sites of infection, 
pathogens implicated and location where the infection was 
acquired. Infection data were obtained from the patient 
charts, radiology reports and microbiology results. Infections 
were defined as community-acquired if infection became 
clinically manifest before or within 48 hours of hospitalization, 
as CCU-acquired if they developed more than 48 hours after 
admission to the CCU or less than 48 hours after CCU dis- 
charge, or as other nosocomial if they developed more than 
48 hours after hospitalization but not in the CCU. 

The following criteria were used for diagnosing infection: 
(1) Lower respiratory infections were identified by the pres- 
ence of purulent sputum, fever and cough plus a chest x-ray 
demonstrating new alveolar infiltrates. (2) Urinary tract in- 
fections were identified by significant bacteriuria (more than 
105 organisms/ml of urine) regardless of symptoms. (3) Wound 
infections were identified by purulent drainage. (4) Other 
cutaneous sources (cellulitis, furuncles) were diagnosed by 
usual clinical criteria. (5) Bacteremias required the docu- 
mentation of the same organism in at least 2 separate blood 
cultures. (6) Meningitis required a positive cerebral spinal 
fluid culture or gram stain. All infected patients were followed 
up until either death or hospital discharge to determine their 
clinical outcome status (i.e., lived to hospital discharge, died 
in CCU or died after CCU discharge). The total number of 
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TABLE! Comparative Numbers and Rates of Infection and Other Characteristics of Intensive Care Units (ICU) Studied 
Number of Infections 
NO. C No. Infection Rates * 

ICU Admissions of Beds Total ICU-Acq. Comm-Acq. 

Type (96) (96) (96) (96) (96) Total ICU-Acq. Comm-Acq. 
Med/surg 5,189 (36) 22 (35) 1,217 (66) 581 (68) 463 (60) 24 11 9 
Coronary 5,017 (35) 16 (26) 236 (13) 90 (11) 131 (17) 5 2 3 
Pediatric 965 (7) 6 (10) 221 (12) 60 (7) 155 (20) 23 6 16 
Neonatal 1,848 (13) 14 (23) 152 (8) 109 (13) 25 (3) 8 6 1 
Card surg 1,341 (9) 4 (6) 14 (1) 10 (1) 0 1 1 0 
Total 14,360 (100) 62 (100) 1,840 (100) 850 774 13t 6t 6t 

* Number of infections df this type/number of ICU admissions. 

t Average among units. 

Acq. = acquired; Card surg = cardiac surgery; Comm = community; Med/surg = medical/surgical. 

TABLE | Sites of Infection and Pathogens Isolated 

Sites 
GU Resp Blood Other Totals 
Isolate (n = 120) (n = 70) (n = 8) (n = 38)* (n= 236)* 

S. aureus 4 10 3 8 25 

E. coli 55 3 2 2 62 
KES 14 9 0 3 26 
Pseudomonas 7 5 1 1 14 
Proteus 8 2 0 3 13 
Haemaphilus 0 9 0 1 10 X 
Enterococcus 14 0 1 0 15 
Candide 7 3 0 3 13 
Other' 11 29 1 17 58 


* Other sites include wounds, skin and intraabdominal infections. 
t Numerous other organisms, no single species representing more than 5% of total. 
GU = genitourinary; KES = klebsiella-enterobacter-serratia; Resp = respiratory. 


admissions was obtained from a logbook maintained in the 
CCU and was used to determine the denominator data for 
infection rates. 

Information for each infection episode was entered into a 
computer file for statisti¢al analysis. Because the objective of 
the study was to analyze data that were nominally scaled, 
chi-square methods for contingency tables were used. Tables 
in the study that displayed statistically significant variations 
were further analyzed using Tukey-Freeman standardized 
residuals. These residuals were used to locate differences 
among infections displaying a particular characteristic. The 
computations were performed using a BMDP statistical 
computer package.!? Because the only statistical test used was 
the chi-square test of homogeneity of proportions, only p 
values are reported. 


Results 


During the 3-year study period there was a total of 
5,017 CCU admissions. The annual mortality rate 
among all patients admitted to the CCU during this 
study period ranged |from 8 to 12%. Two hundred 
thirty-six infections were documented among 200 pa- 
tients. Table I lists basic characteristics and rates of 
infection of the CCU compared with other units within 
the hospital. Infection rates within the CCU were 5 and 
2% for total and CCU-acquired infections, respectively. 
Compared with other| intensive care areas, the CCU 
accounted for 13% of total infections and 11% of those 
acquired in intensive care units. One hundred thirty-one 
(56%) total infections were community-acquired and 90 
(38%) were acquired within the CCU. Only 15 (6%) were 
nosocomially acquired but outside of the CCU. 
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Table II lists organisms found by sites of infection. 
Infections of the urinary and lower respiratory tracts 
were most frequently seen and accounted for 51 and 30% 


of infections, respectively. E. coli was the single most. 


frequently encountered pathogen, accounting for 26% 
of isolates. S. aureus and klebsiella-enterobacter-ser- 
ratia group each accounted for about 11% of isolates. 
Cultures were not obtained in 6% of the patients, and 
in about another 6% of the documented infections no 
pathogens were isolated. 

The mortality rate of patients with infections within 
the CCU was 22%, an additional 9% died after leaving 
the CCU. Table III lists patient outcome status com- 
pared with both acquisition status and site of infection. 
For those few patients with more than 1 infection, 
grouping was tabulated by first infection. Acquisition 
status had little influence on patient outcome. In all 
groups, more than 60% of infected patients survived to 
hospital discharge. However, site of infection was sta- 
tistically correlated with CCU mortality (p <0.001). 
Patients with both lower respiratory infections and 
primary bacteremias were more likely to die in the CCU 
than those with genitourinary infections (p <0.001). 


Discussion 


The purpose of this observational study was to ex- 
plore the epidemiology and importance of infections in 
CCU patients. Only 1 previous investigation has ad- 
dressed this issue. Wenzel et al,! in a statewide sur- 
veillance of nosocomial infections, noted a nosocomial 
infection rate of 1 to 2% among 13 CCUs that were sur- 
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Patient Outcome Related to Infection Acquisition Status and Site 





Outcome Status 





Acquisition Status Lived (%) 
Community 87 (74) 
CCU-acq. 43 (63) 
Other nosocomial 9 (64) 
Total 139 (70) 
Site 

Resp 34 (54) 
GU 87 (82) 
1? blood 3 (38) 
Other 15 (65) 
Total 139 (70) 


Died after CCU Died in CCU Total 
6 (5) 25 (21) 118 
7 (10) 18 (27) 14 
4 (29) 1 (7) 68 

17 (9) 44 (22) 200 
p 0.02* 

10 (16) 19 (30) 63 
6 (6) 13 (12) 106 
0 (0) 5 (63) 8 
1 (4) 7 (30) 22 

17 (9) 44 (22) 200 
p «0.001! 





* Difference in distibution of CCU survival among specific acquisition status groups. 
t Patients with respiratory or primary bloodstream infections had significantly higher mortality than those 


with GU infections. 


CCU = coronary care unit; other abbreviations as in Table 1 and ll. 


veyed. However, neither outcome nor acquisition status 
was addressed, and organisms associated with infections 
were not studied. A previous study from our institution 
showed that admission to the CCU comprises ap- 
proximately 35% of those admitted to all critical care 
units, but the infections within the CCU comprise only 
13% of total infections and 11% of those that are CCU- 
acquired.!? That investigation did not specifically ad- 
dress infection-related issues within the CCU itself. 

In the present study an overall infection rate of 5% 
was found. The rate for CCU-acquired infections was 
about 2%—a rate almost identical to that of the other 
investigation addressing this issue. However, we could 
not determine severity of illness or relation of infections 
to procedures. Our data document that more than 60% 
of all CCU infections are community-acquired and that 
2 to 396 of all patients admitted to the CCU will harbor 
such infections. Thus, patients admitted to CCU must 
be evaluated for infection at the time of admission. Al- 
most all of infections originated in either the respiratory 
or genitourinary tract, and the organisms implicated 
were those most commonly encountered. 

The 22% mortality rate of infected patients while still 
in the CCU was 2 to 3 times higher than that noted for 
all CCU patients during the same period. This finding 
strongly implies that the presence of infection adversely 
affects patient outcome. The CCU appears to be a less 
important source of both total and intensive care unit- 
acquired infection than other critical care areas. How- 


ever, such infections still occur in almost 596 of patients. 
An appreciation of these facts may allow better and 
more rapid assessment of infections, with the potential 
for decreased morbidity and mortality rates. 
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CME Test #28 


Effect of Intracoronary Thrombolytic Therapy on Exercise-Induced 
Ischemia After Acute Myocardial Infarction* 


The University of Alabama School of Medicine designates this continuing medical education activity for 1 credit hour in Category 
1 of the Physician's Recognition Award of the American Medical Association. Answers are to be marked on the instruction sheet 
on page A113. 


1. In patients receiving streptokinase (SK), baseline angiog- 6. The exercise-induced thallium-201 defect score was: 
raphy revealed that the infarct-related coronary artery was a) lower in patients with opened vessels 
completely obstructed in: b) higher in patients with closed vessels 
a) 7096 c) independent of the number of diseased coronary ves- 
b) 9596 sels in both groups 
c) 7596 d) none of the above 
d) 8596 


E 


7. Among patients with 1-vessel disease, ejection fraction 
increase during exercise was: 
a) higher in closed infarct-related arteries 


2. |n all patients in this study, past intervention angiography 
showed patency of the infarct-related coronary artery in: 


a) 5096 
b) 86% b) lower in closed infarct-related arteries 
n c) not significantly different among the groups 
o) 6776 d) greater than in patients with 2 | di 
d) 54% g patients w -vessel disease 
3. In comparing patients with incomplete and complete cor- 8. Patients with acute myocardial infarction treated with SK 

onary obstruction, peak creatine kinase values were: had improvement in perfusion scintigrams in: 
a) lower in patients with incomplete obstruction a) 5 or 6 days 
b) lower in patients with complete obstruction recana- b) 5or 6 weeks 

lized C) 3 or 4 weeks 
C) not significantly different d) 3 or 4 months 
d) lower in patients with complete obstruction not recan- 

alized 


9. Of the patients undergoing follow-up angiography after 1 
thrombolysis, reocclusion has been reported to be: 
a) 8 to 26% 
b) 27 to 5496 
c) 45 to 6396 
d) less than 10 to 3296 


4. The group that had the longest time for creatine kinase 
value to peak was: 
a) patients with incomplete obstruction 
b) patients with complete obstruction recanalized 
C) patients with complete obstruction not recanalized 
d) a and b above 


10. The optimal management course after successful throm- 


5. Thallium-201 defect scores at rest were: bolytic therapy has: 
a) increased in the SK group a) implications for continued SK use 
b) increased in the control group b) been possible with nitroglycerin patches 
C) increased in both groups C) not been defined 
d) decreased in both groups d) none of the above 


*This article appears on page 705 of this issue. 
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Determination of Left Ventricular Mass Using Single-Photon 
Emission Computed Tomography 


CHRISTOPHER L. WOLFE, MD, DONALD E. JANSEN, MD, JAMES R. CORBETT, MD, 
KIRK LIPSCOMB, MD, GREGORY GABLIANI, MD, NEIL FILIPCHUK, MD, 
GREGORY REDISH, MD, SAMUEL E. LEWIS, MD, and JAMES T. WILLERSON, MD 





To test the hypothesis that single-photon emission 
computed tomography (SPECT) could actually de- 
termine left ventricular LV mass in humans, SPECT 


x measurements of LV mass were compared with LV 


[n 
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mass determined by cineangiography in 12 patients 
with normal coronary arteries and LV function. Re- 
peat SPECT determinations of LV mass were carried 
out in 5 patients. Projection images of the left ven- 
tricle were acquired after intravenous injection of 
thallium-201 (TI-201) using a rotating gamma 
camera. Transverse sections were reconstructed 
by filtered backprojection. The boundary of LV up- 
take of TI-201 in each transverse section was de- 
fined using a 3-dimensional threshold detector. 
Scintigraphic LV mass (total number of voxels 
demonstrating LV TI-201 uptake X voxel volume X 


The measurement of viable left ventricular (LV) mass 
may have important prognostic significance in patients 
with coronary artery disease and cardiac hypertro- 
phy.!-? Rackley et al® and Kennedy et al,” showed that 
LV mass can be assessed accurately by LV angiography. 
Recently, several investigators demonstrated that 2- 
dimensional (2-D) echocardiography is a useful nonin- 
vasive means of determining LV mass in selected pa- 
tients.2° However, this technique makes certain 
geometric assumptions and is dependent on the quality 
of the 2-D echocardiogram. Furthermore, this technique 
does not readily distinguish between viable and non- 
viable myocardium. Single-photon emission computed 
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specific gravity of myocardium) was compared with 
angiographic LV mass. There was good correlation 
between LV mass determined by SPECT and that 
determined by cineangiography. Mean angiographic 
LV mass was 208 + 45 g (+ standard deviation). 
Mean SPECT LV mass was 204 + 42 g. Linear re- 
gression analysis revealed the following relation: 
SPECT LV mass = 0.76 X angiographic LV mass + 
46.1 (r = 0.82, root-mean-square deviation from 
regression = 24.7). The SPECT values of LV mass 
varied an average of 10.4 + 4.6% (+ standard de- 
viation) in the 5 patients in whom 2 determinations 
were made. Thus, SPECT of TI-201 can accurately 
measure LV mass in humans. 


(Am J Cardiol 1985;56:761-764) 


tomography (SPECT) is useful as a means of deter- 
mining viable LV mass in the canine model.!0-!! In this - 
study we tested the hypothesis that SPECT with thal- 
lium-201 (T1-201) may be used to determine LV mass 
in humans. 


Methods 


Patients: We compared SPECT and angiographic mea- 
surements of LV mass in 12 consecutive patients who were 
found to have normal coronary arteries and LV function while 
undergoing diagnostic left ventriculography and coronary 
angiography for evaluation of chest pain. Six patients had a 
history of systemic arterial hypertension and 3 had electro- 
cardiographic evidence of LV hypertrophy. No patient had 
electrocardiographic criteria for right ventricular hyper- 
trophy. 

Angiographic technique: Biplane left ventriculography 
was accomplished by injecting 56 ml of iodinated contrast 
material (Renografin-76®, Squibb) over 4 seconds through a 
pigtail catheter located within the mid-left ventricle. The 
ventriculogram was recorded simultaneously from the 30° 
right anterior oblique and 60° left anterior oblique projections 
on 35-mm Kodak® film at 60 frames/s. Coronary angiography 
was performed after left ventriculography. 
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Radionuclide technique: All patients were studied at rest 
and in the fasting state. Each patient was injected with 2.0 to 
2.4 mCi of TI-201 (New |England Nuclear) while standing 
upright, and allowed to ambulate for 5 minutes. Imaging was 
begun 10 minutes after Tl-201 injection. Thirty-two images 
containing a minimum of 80,000 counts were acquired over 
180? from the 60? right anterior oblique to the 30? left pos- 
terior oblique position using a rotation gamma camera (GE 
400T, General Electric Medical Products Division). This 
camera was equipped with a low-energy (200 keV), general- 
purpose, parallel-hole collimator and interfaced with a dedi- 
cated computer (Medical Data Systems). Planar resolution 
was 15.7 mm full width half maximum at 20 cm using water 
as the scatter medium. Each image was acquired at a ditigal 
resolution of 64 X 64. Total acquisition time was about 30 
minutes per study. The projection images were corrected for 
field nonuniformity using a 90-million-count liquid techne- 
tium-99m flood!? and prefiltered using a 5 X 5 center- 
weighted spatial filter with a frequency cut-off of 0.15. After 
correcting for center of rotation, transverse sections (Fig. 1), 
1 pixel (0.476 cm) thick, were reconstructed by filtered 
backprojection. Sections displaying LV uptake of T1-201 were 
selected by visual inspection. The epicardial and endocardial 
boundaries of T1-201 uptake within these transverse sections 
were defined by applying a simple 3-dimensional threshold 
detector to the reconstructed images (Fig. 2). This threshold 
was 50% of the maximal pixel count within the entire ventricle. 
The threshold was selected by retrospective analysis of the 
first 2 studies. In each study, the threshold was adjusted until 
the scintigraphic LV mass equaled the angiographic LV mass. 
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FIGURE 1. Reconstructed transverse sections of the left ventricle from 
apex (top left) to base (bottom right). 
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FIGURE 2. Reconstructed transverse sections of the left ventricle after 
the epicardial and endocardial borders were defined by an automatic 
3-dimensional threshold detector. Left ventricular mass was measured 
from these images. 





These 2 empirically derived thresholds were averaged, and this 
mean threshold value (50% of maximal pixel value/recon- 
structed volume) was applied prospectively to all studies in 
a blinded fashion. 

In 5 patients, 2 SPECT studies were performed. All SPECT 
studies were done within 10 weeks of angiography. 

Scintigraphic left ventricular mass determination: LV 
mass was calculated as the total number of volume elements 
(voxels) demonstrating LV T1-201 uptake in all sections 
multiplied by the volume of a single voxel (0.1134 cm?) and 
the specific gravity of myocardium (1.05 g/cm?). Scintigraphic 
determinations of LV mass were made without knowledge of 
the value of LV mass calculated by LV angiography. Voxel 
dimensions were measured using a calibration phantom. All 
studies were analyzed by 2 independent observers on multiple 
occasions who were blinded to the results of angiographic 
determinations of LV mass. 

Angiographic left ventricular mass determination: 
Angiographic determinations of LV mass were made from 
multiple (3 to 5) end-diastolic frames of a biplane left ven- 
triculogram and averaged. Correction for pin-cushion dis- 
tortion and calculation of the magnification factor were ac- 
complished using a 3-dimensional coordinate system within 
the x-ray field as described by Lipscomb.!? After end-diastolic 
frames were identified by visual inspection, the endocardial 
borders were manually traced and digitized on the face of the 
projector. The thickness of the LV free wall was measured 
two-thirds of the distance between base and apex. LV mass 
was then calculated from the following formula, described by 
Rackley et al97: 

—--h| X E h 


2 2 


where da = transverse diameter from anterior projection, dl 
= transverse diameter from lateral projection, L = maximal 
chamber length, and V = volume of the left ventricular 
chamber. 

Statistical methods: The correlation between scintigraphic 
and angiographic LV mass was obtained with a least squares 
fit using linear regression analysis.!* Pearson's r values, cal- 
culated from regression analysis, are reported. All mean values 
are expressed as + standard deviation. Intra- and interob- 
server variability are reported as percent variability. 


LV mass = ias di 





|-v] ios 





oh x 
2 








300 (N = 12) 

280 » 
m 260 x 
E 
o 240 e | 
o 
Q 220 : 
< 
= 200 T SA 
4 2 7 SPEC LV MASS 
| 180 le e e = 0.76 x ANGIOGRAPHIC MASS + 46 
m ° i r:082. SEE -247 
A 
A 160 

* 
140 é 
46 


O 120 140 160 180 200 220 240 260 280 300 320 
ANGIOGRAPHIC LV MASS (grams) 


FIGURE 3. Correlation between angiographic and scintigraphic de- 
terminations of left ventricular mass. Vertical dotted lines connect 
values of left ventricular (LV) mass measured in 5 patients who had 2 
single-photon emission computed tomography (SPECT) studies. S.E.E. 
= standard error of the estimate. 
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The correlation between SPECT measurements of 
LV mass and LV mass determined by cineangiography 
are shown in Figure 3. Catheterization values of LV 
mass ranged from 125 to 290 g (mean 208 + 45 [+ 
standard deviation]). SPECT values of LV mass ranged 
from 140 to 282 g (mean 204 + 42). Linear regression 
analysis revealed the following relation: SPECT LV 
mass = 0.76 X cath LV mass + 46 (r = 0.82, standard 
error of the estimate = 24.7 g). SPECT values of LV 
mass varied an average of 10.4% + 4.6 in the 5 patients 
who had 2 SPECT studies. SPECT measurements were 
reproducible with intraobserver variability of 6% and 
interobserver variability of 9%. Angiographic determi- 
nations of LV mass were reproducible with intra- and 
interobserver variability of 5%. 


Discussion 


We!? and others!! have shown that SPECT with 
T1-201 can accurately quantitate LV mass in the canine 
model. The present study demonstrates the usefulness 
of this technique in measuring LV mass in patients. LV 
mass was calculated from the volume of T1-201 distri- 
bution within the ventricle on reconstructed transverse 
sections. SPECT LV mass corresponded closely with 
LV mass determined by ventricular angiography with 
a Pearson's r value of 0.82 and a standard error of the 
estimate of 24.7 g. 

The fact that SPECT imaging provided good quan- 
titation of LV mass in patients is encouraging when the 
limitations of this technique are considered. Specifi- 
cally, image acquisitions were ungated on a system with 
limited spatial resolution. No correction for attenuation 
was made. This resulted in blurring of cardiac borders 
and may account for some overestimation of LV mass. 
Technical improvements may result in greater resolu- 
tion and accuracy. 

This technique is one of several noninvasive methods 
that have been used to measure LV mass. Reichek et al? 
reported that 2-D echocardiography, using multiple 
short-axis images, provides excellent determinations 
of LV mass. However, this technique is limited by the 
quality of the images obtainable in a given patient. We 
obtained 2-D echocardiographic studies in several of the 
patients described here, but we also found that LV mass 
was difficult to quantitate in those with chronic ob- 
structive lung disease (COPD) owing to inability to 
visualize adequately the lateral wall on the short-axis 
images. In 2 patients with COPD in whom 2-D echo- 
cardiographic studies were technically unsatisfactory 
for quantitation because of lung hyperinflation, 2 of our 
highest quality SPECT TI1-201 studies were recorded. 
Pulmonary hyperinflation in patients with COPD may 
lead to reduced lung attenuation of T1-201 and result 
in higher quality SPECT studies. Thus, these tech- 
niques may prove complementary in this regard. Peak 
et al!5 and Iwasaki et al! showed that computed to- 
mography can accurately measure LV mass in dogs. 
Lanzer et al!’ demonstrated that magnetic resonance 
imaging can accurately quantitate LV mass in vitro in 
human hearts. All of these techniques have the advan- 
tage of better resolution than SPECT. However, further 


in humans. The major advantage of SPECT T1-201 
imaging is that it accurately measures perfused LV mass 
and can differentiate viable from infarcted or ischemic 


myocardium. 
SPECT imaging with T1-201 to determine LV mass 


may have important clinical application in patients with — | 


ischemic heart disease or marked ventricular hyper- 
trophy. In patients with acute myocardial infarction, 
the amount of surviving viable myocardium is a major 
determinant of LV function and prognosis. Because 
Tl-201 SPECT measures perfused tissue mass, it is 
ideally suited for assessing the amount of viable LV 
mass in patients who have had myocardial infarction, 
and may have an advantage over 2-D echocardiography 
and computed transmission tomography in this regard. 
Quantitation of LV mass in patients with cardiac hy- 
pertrophy may have important clinical applications as 
well. In the spontaneously hypertensive rat model, 
Mirsky et al!? showed that LV function declines above 
a certain “critical” LV mass. Linzbach!? suggested that 
in patients with ventricular hypertrophy, there may be 
a “critical myocardial weight" above which hypertro- 
phied heart tissue outstrips its blood supply, resulting 
in a decline in LV function. Furthermore, Gunther and 
Grossman? and Spann et al?? demonstrated that pa- 
tients with aortic stenosis who had depressed systolic 
LV function had significantly more LV hypertrophy 
than those who presented with normal LV function. 
Thus, perfused LV mass (or LV mass index) may bea 
useful prognostic marker in patients with pressure- 
overload LV hypertrophy and might be useful in the 
timing of surgical intervention in patients with aortic 
stenosis. 

In conclusion, SPECT of T1-201 accurately measures 
LV mass in humans. This technique may find clinical 
application in patients with coronary artery disease and 
cardiac hypertrophy. 
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Analysis of Factors Affecting the Variability of Fick Versus 
Indicator Dilution Measurements of Cardiac Output 


L. DAVID HILLIS, MD, BRIAN G. FIRTH, MD, DPhil, and MICHAEL D. WINNIFORD, MD 


This study was performed to assess the relation 
between Fick and indicator dilution measurements 
of cardiac output (CO) in a large number of subjects 
and to evaluate this relation in patients with a low 
CO, a high CO, and left-sided cardiac regurgitation. 
In 808 patients (428 men, 380 women, mean age 50 
+ 11), CO was measured by Fick and either ther- 
modilution (right atrium to pulmonary artery)(n = 
252) or indocyanine green dye (“‘dye’’)(pulmonary 
artery to systemic artery)(n = 556) within 10 min- 
utes of each other. There was excellent agreement 
between Fick and both thermodilution and dye. The 
difference between Fick and indicator dilution 
measurements was 9 + 9%; it was 10% or less in 
67% and 20% or less in 91% of patients. The dis- 


Although several studies have reported good agreement 
between the Fick and indocyanine green dye (“dye”) 
methods of measuring| cardiac output (CO) in hu- 
mans,'-? none has compared the results of Fick and 
thermodilution in a large number of patients. It is 
widely believed that the Fick method is more accurate 
than indicator dilution in patients with a low CO and, 
in turn, that the indicator dilution technique is more 
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parity between Fick and indicator dilution mea- 
surements was increased in patients with a low CO 
(less than 2 liters/min/m?)(n — 152) (difference 14 
+ 1196, p <0.001) and those with aortic or mitral 
regurgitation (n = 83) (difference 13 + 1196, p 
<0.001). In these groups, the disparity between Fick 
and thermodilution measurements was not exag- 
gerated, but the disparity between Fick and dye 
measurements was greater. Thus, although there is 
excellent agreement between Fick and both ther- 
modilution and dye measurements of CO, thermo- 
dilution is preferable to dye in patients with a low CO 
and those with aortic or mitral regurgitation. 


(Am J Cardiol 1985;56:764-768) 


accurate than Fick in those with a high CO,* but no 
previous report has shown an exaggerated disparity 
between the Fick and indicator dilution techniques in 
these persons. Finally, there is disagreement as to 
whether left-sided regurgitation renders the dye method 
inaccurate. In these patients with left-sided regurgita- 
tion, the first-pass dye curve may be prolonged and, as 
a result, recirculation begins before the downslope of the 
primary curve is inscribed.? The accuracy of thermo- 
dilution in those with left-sided regurgitation has not 
been assessed. Therefore, the present study was per- 
formed to address 2 questions: What is the accuracy of 
the thermodilution and dye techniques compared with 
Fick in a very large number of patients? Are the ac- 
cepted differences between Fick and indicator dilution 
(thermodilution and dye) exaggerated in patients with 
a low CO, a high CO, and left-sided regurgitation? 


^N 
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Methods 


Patients: From July 1980 to February 1985, CO was mea- 
sured by both Fick and indicator dilution methods in 808 
patients (428 men, 380 women, mean age 50 + 11 years [+ 
standard deviation], range 18 to 82) referred for cardiac 
catheterization at Parkland Memorial Hospital, Dallas. All 
patients gave informed consent. Patients with intracardiac 
shunting were excluded. Subsequent hemodynamic and 
cineangiographic evaluation revealed no demonstrable cardiac 
disease in 146 patients, atherosclerotic coronary artery disease 
in 399, cardiomyopathy in 68, mitral stenosis in 48, aortic 
stenosis in 34, primary pulmonary hypertension in 23, con- 
strictive pericarditis in 4, aortic aneurysm in 2, and coarctation 
of the aorta in 1 patient. Eighty-three patients had cardiac 
regurgitation: 42 aortic (AR) and 41 mitral (MR); in all cases 
the regurgitant fraction was more than 0.40 and angiographic 
grade of regurgitation was 2+, 3+, or 44.6 

Measurements of cardiac output: In each patient, cath- 
eters were placed in the pulmonary artery and a systemic ar- 
tery, and CO was measured by the Fick principle. A 3-minute 
sample of the patient's expired air was collected in a Douglas 
bag. The patient's nose was firmly clipped shut so that no air 
could escape through it, after which he or she was asked to 
hold a special mouthpiece between the lips and to breathe 
entirely through it. The mouthpiece was attached to the 
Douglas bag through a 2-way valve with its sidearm open to 
room air, so that the patient inspired air from the room and 
expired only into the Douglas bag. Immediately after collec- 
tion, the contents of the Douglas bag were analyzed by mea- 
suring the oxygen content of room air and that of an aliquot 
of the patient's expired air (with a Beckman oxygen analyzer) 
and the volume of air in the Douglas bag (with a Tissot spi- 
rometer). The oxygen consumption was expressed in milliliters 
per minute. 

The systemic arterial and mixed venous blood samples were 
drawn into 3-ml heparinized glass syringes, capped, placed 
on ice, and analyzed immediately with a reflectance oximeter 
(American Optical). At the same time, a sample of blood was 
obtained for measurement of hemoglobin concentration. The 
arteriovenous oxygen difference was calculated as: difference 
between systemic arterial and mixed venous oxygen satura- 
tions X hemoglobin [in g/dl] X 1.39 [ml O2/g Hgb] x 10 dl/ 
liters. It was expressed as milliliters per liter. 

Immediately after Fick determination of CO, CO was 
measured by thermodilution in 252 patients and by dye in the 
other 556, according to methods previously described.7-1? In 
each patient 3 to 5 measurements were performed and their 
values averaged. The variability of thermodilution and dye 
CO values in our laboratory is +4%. Thus, in all patients, 
CO was measured in close temporal proximity (within 10 min- 
utes) by Fick as well as by thermodilution (n — 252) or dye 
(n = 556). 

Statistical analyses: In each patient, the CO value by Fick 
and indicator dilution was divided by the body surface area, 
yielding the cardiac index. The difference between Fick and 
indicator dilution CO values was divided by the Fick CO to 
give the percent difference. Using a Student t test,!! the 
percent differences in the 252 patients in whom Fick and 
thermodilution measurements were accomplished were 
compared with those in the 556 in whom Fick and dye mea- 
surements were made. The percentage of patients in whom 
the Fick and thermal measurements were within 10% and 20% 
of each other was compared to the percentage in whom Fick 
and dye measurements were within 10% and 20% of each other 
using a chi-square analysis.!!? These same statistical 
methods were used to examine the patients in whom the Fick 
CO was less than 2 liters/min/m? (n = 152) or 4 liters/min/m? 
or more (n = 32) as well as those with MR or AR (n = 83). Fi- 
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nally, in both the thermodilution and dye groups, the Fick and 
indicator dilution cardiac indexes were compared with a 2- 


variable linear regression analysis. IN 
All data are reported as mean + standard deviation. For all 
analyses, a p value <0.05 was considered significant. 


Results 


For the 808 patients, the Fick COs averaged 2.59 + 
0.68 liters/min/m? (range 0.91 to 5.31) and the indicator 
dilution COs averaged 2.56 + 0.62 liters/min/m? (range 
0.96 to 5.38). The 252 patients in whom Fick and ther- 
modilution measurements were performed had an av- 
erage Fick CO of 2.58 + 0.60 liters/min/m? (range 1.07 
to 4.48) and an average thermodilution CO of 2.54 + 
0.54 liters/min/m? (range 1.23 to 4.25). The 556 patients 
in whom CO was measured by Fick and dye methods 
had an average Fick CO of 2.59 + 0.73 liters/min/m? 
(range 0.91 to 5.31) and an average dye CO of 2.58 + 0.70 
liters/min/m? (range 0.96 to 5.38). The average differ- 
ence between Fick and indicator dilution COs was 
0.23 + 0.20 liters/min/m? (range 0 to 1.39), and the 
average percentage difference was 9 + 8% (range 0 
to 69%). 

Agreement between Fick and indicator dilution 
techniques: For the 252 patients in whom CO was 
measured by Fick and thermodilution methods, there 
was excellent agreement between the 2 techniques (r = 
0.89, p «0.001, SEE = 0.15 liters/min/m?). The differ- 
ence between Fick and thermodilution averaged 8 + 8%. 
It was 10% or less in 173 patients (69%) and 20% or less 
in 234 (93%). For the 556 patients in whom CO was 
measured by Fick and dye, the correlation between the 
2 methods was excellent (r = 0.91, p «0.001, SEE = 0.20 
liters/min/m2). The difference between Fick and dye 
methods averaged 9 + 9% (difference not significant 
[NS] compared with the 252 patients in whom CO was 
measured by Fick and thermodilution methods). The 
percentage difference was 10% or less in 369 patients 
(66%) and 20% or less in 499 (90%) (NS compared with 
patients in whom CO was measured by Fick and ther- 
modilution methods). 


Influence of a low cardiac output on the Fick- . 


indicator dilution relation: In 152 patients, the Fick 
CO value was less than 2 liters/min/m?. In these pa- 


tients, the difference between Fick and indicator dilu- . 
tion CO averaged 0.22 + 0.17 liters/min/m?, and the — 
difference was 14 + 11%. The difference between Fick — 
and indicator dilution was 10% or less in only 73 patients - 
(48%) and 20% or less in only 117 (77%) (Table I). The 


Fick CO value exceeded the indicator dilution CO value 


by more than 0.05 liters/min/m? in 103 patients, (68%), — 


whereas the opposite occurred in only 25 (1690) (p 
« 0.001) (Table II). 

Of the 624 patients with a Fick CO of 2.00 to 3.99 li- 
ters/min/m2, the absolute difference between Fick and 
indicator dilution CO was 0.22 + 0.20 liters/min/m? (NS 
compared with the 152 patients with a CO of less than 
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2 liters/min/m2), but the difference was 8 + 7% (p © 


«0.001 compared with the 152 with a CO of less than 2 
liters/min/m?2). In 72% the difference between Fick and 
indicator dilution was 10% or less and in 94% it was 20% 
or less, both significantly greater than the values for the 
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4 CO «2 liters/min/m? CO 2.00—3.99 liters/min/m? x? p 

x Fick Versus Thermodilution and Dye 

1 (n = 152) (n = 624) 

. Fick-indicator dilution difference « 1096 73 (4896 450 (7296 

d . Fick-indicator dilution difference <20% 117 77%) 589 (9494) 45.150 0:00 
Di Fick Versus Thermodilution Only 

CE (n = 39) in = 207) 

| Fick-thermodilution difference <10% 25 (64%) 147 (71%) 0.745 0.388 
a Fick-thermodilution difference <20% 31(79%) 201 (97%) 18.971 <0.001 
Fick Versus Dye Only 

3 (n = 113) (n = 417) 

— Fick-dye difference X 1096 51 (45%) 303 (7396 30.378 «0.001 
3 Fick-dye difference <20% 89 (7996) 388 (9394) 20.157 «0.001 

j 

i TABLE II Relation of Fick and Indicator Dilution indicator dilution was 10% or less, and in 30 (94%) it was 
be Measurements of Cardiac Output (CO) in Patient 20% or less (Table III). The indicator dilution CO ex- 
P. Subgroups ceeded the Fick CO by more than 0.05 liters/min/m? in 
: Fick CO <2 liters/min/m? (n = 152) y rag (78%), ye in the opposite was true in only 
a 7 (22%) (p <0.001) (Table II). 

_ Fick CO > indicator dilution CO 103* : : ; 

y .... by 20.05 liters/min/m? Of the 624 patients with a CO of 2.00 to 3.99 liters/ 
ESFick bie “ar d Mon COs 24 min/m?, the difference between Fick and indicator 
Fick Ce indicator a ¢ O 25 dilution was 8 + 7% (NS compared with the 32 with a 
... by 20.05 liters/min/m? CO of 4 liters/min/m? or more). In 449 patients (72%), 
E Fick CO 4 Jiters/min/m? (n = 32) the difference between Fick and indicator dilution was 
Eo. E mae db 10% or less and in 586 (94%) it was 20% or less (NS 
p - by >0.05 liters/min/m? : compared with those with a CO of 4 liters/min/m? or 
. Fick and indicator dilution COs 0 more). The relation between Fick and both thermodi- 
XQ within 0.05 liters/min/m? lution and dye was similar (Table III). Thus, the dif 
. Fic < indicator dilution CO t ig RREN f 
h A diuti ih. T ference between Fick and indicator dilution methods 
; 3; Kocie or Mittal Reguroliation (a= 85) ee bronki substantially by a CO of 4 liters/ 
t rie Sa ole soap iv CO 44 Influence of aortic or mitral regurgitation on the 
og Giicatér Ghution CO: 20 Fick indicator dilution relation: Eighty-three pa- 


within 0.05 liters/min/m? 
Fick CO < indicator dilution CO 29 
by >0.05 liters/min/m? 


* p <0.001 compared to the other 2 groups with a CO <2 I/min/m?: 


viu p <0.001 compared to the other 2 groups with a CO >4 I/min/m?2. 


152 patients whose Fick COs were less than 2 liters/ 
min/m? (Table I). 

The difference between Fick and thermodilution was 
10% or less in 25 of the 39 patients (64%) with a Fick CO 


. of less than 2 liters/min/m?, whereas the difference 
between Fick and dye was 10% or less in only 51 of the 
. 113 patients (45%) with a Fick CO of less than 2 liters/ 
 min/m? (x? = 4.173, p = 0.041). 


Thus, although the absolute difference between Fick 
and indicator dilution measurements of CO was not 
altered by a CO of less than 2 liters/min/m?, the per- 
centage difference between them was significantly in- 


creased when CO was less than 2 liters/min/m2. This was 


_ true for dye but not for thermodilution measurements. 


Influence of a high cardiac output on the Fick- 


indicator dilution rela lion: Of the 808 patients, only 
32 had a Fick CO 4 liters/min/m? or more; the difference 


between Fick and indicator dilution in these patients 
was 9 + 6%. In 20 (63%) the difference between Fick and 
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. TABLE! Influence of à Low Cardiac Output (CO) on the Fick-Indicator Dilution Relation 


tients had AR or MR of the severity previously de- 
scribed. For these patients, the absolute difference be- 
tween Fick and indicator dilution CO averaged 0.32 4 
0.28 liters/min/m?, and the percent difference was 13 
+ 11%. In contrast, 725 patients had mild or no regur- 
gitation; in these patients, the absolute difference be- 
tween Fick and indicator dilution was 0.21 + 0.18 li- 
ters/min/m? and the percent difference was 9 + 8% 
(both p «0.001 in comparison to the 83 with regurgita- 
tion). The difference between Fick and indicator dilu- 
tion was 10% or less in 41 of the 83 patients (49%) with 
regurgitation and in 501 of the 725 (69%) without it (p 
<0.001) (Table IV). The difference between Fick and 
thermodilution was 10% or less in 11 (73%) of the 15 with 
regurgitation, whereas the difference between Fick and 
dye was 10% or less in only 30 of the 68 patients (44%) 
with regurgitation (x? = 4.196, p = 0.041). 

The 83 patients with AR or MR had an average Fick 
CO of 2.43 + 0.73 liters/min/m? (range 0.91 to 5.16). Of 
these, 56 had a CO of 2 liters/min/m? or more, whereas 
the other 27 had a CO of less than 2 liters/min/m?. The 
increased disparity between Fick and dye in the patients 
with regurgitation was unrelated to a low (less than 2 
liters/min/m?) CO. 

In short, the absolute and percentage differences 
between Fick and indicator dilution measurements of 
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TABLE Ill Influence of a High Cardiac Output (CO) on the Fick-Indicator Dilution 


Relation 


A kiss S RN NR er 


CO 24 liters/min/m? 


CO 2.00-3.99 liters/min/m? x? p 


Fick Versus Thermodilution and Dye 


(n = 32) 
20 (6396) 
30 (94%) 


Fick-indicator dilution 
difference X 1096 

Fick-indicator dilution 
difference 2096 


Fick Versus Thermodilution Only 


(n — 6) 
Fick-thermodilution 4 (67 96) 
difference <10% 
Fick-thermodilution 5 (8396) 


difference <20% 


(n — 624) 
449 (7296) 1.335 0.248 
586 (9496) 0.001 0.971 
(n = 207) 
144 (70%) 0.023 0.879 
198 (9696) 1.978 0.160 
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Fick Versus Dye Only 
(n — 26) (n = 417) 
Fick-dye difference S 1096 16 (6296) 302 (7296) 1.431 0.232 
Fick-dye difference <20 % 25 (9696) 385 (9296) 0.520 0.471 


TABLE IV Influence of Aortic or Mitral Regurgitation on the Fick-Indicator Dilution 
Relation 
Regurgitation No Regurgitation 
Fick Versus Thermodilution and Dye 
(n = 83) (n = 725) x? p 
Fick-indicator dilution 41 (4996) 501 (6996) 13.096 «0.001 
difference S 1096 
Fick-indicator dilution 64 (77 96) 669 (9296) 20.346 «0.001 
difference € 2096 
Fick Versus Thermodilution Only 
(n = 15) (n = 237) 
Fick-thermodilution 11 (7396) 163 (69 96) 0.137 0.711 
difference S 1096 
Fick-thermodilution 13 (87 96) 221 (9396) 0.922 0.337 
difference <20% 
Fick Versus Dye Only 
(n — 68) (n = 488) 
Fick-dye difference <10% 30 (4496) 338 (69 96) 16.861 «0.001 
Fick-dye difference <20% 51(75%) 448 (92%) 18.315 <0.001 


CO were significantly increased when AR or MR was 
present. This was true for the dye technique but not for 
thermodilution. 


Discussion 


Although numerous techniques have been introduced 
to measure CO in humans, 2—the Fick principle and the 
indicator dilution technique—are generally accepted 
and widely used. Dye has been used extensively, but 
recently the thermodilution technique has been fre- 
quently used in catheterization laboratories and in- 
tensive care units. Three reports!-? have shown that 
Fick and dye measurements of CO are within 20 to 25% 
of each other in 75 to 9096 of patients. Our data are in 
agreement with these reports: Of the 556 patients in 
whom Fick and dye measurements were performed, the 
difference between them was 10% or less in 66% and 20% 
or less in 90% of patients. 

Agreement between Fick and thermodilution 
measurements of cardiac output: Although 3 stud- 
ies!-? compared Fick and dye in hundreds of subjects, 


the accuracy of the thermodilution method has not been 
thoroughly assessed. Branthwaite and Bradley!? showed 
a good relation between Fick and thermodilution 
measurements in 17 patients. They injected saline so- 
lution of room temperature into the internal jugular 
vein and measured the change in temperature in the 
pulmonary artery with a single-thermistor catheter. 
Ganz et al,!4 using a catheter with 2 thermistors, showed 
good agreement between thermodilution and dye in 20 
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patients. Our data, obtained with modern, balloon- | 


tipped thermal catheters in 252 patients, demonstrate 
excellent agreement between Fick and thermodilution 
methods (r = 0.89, p «0.001; SEE = 0.15 liters/min/m?), 
and the results of Fick and thermodilution measure- 
ments are similar to those of Fick and dye. Thus, com- 
pared with Fick, thermodilution and dye are of com- 
parable accuracy. 

Influence of a low or high cardiac output on the 


agreement between Fick and indicator dilution: — 


The Fick method is widely believed to be more accurate — 


than indicator dilution in patients with a low CO and 
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indicator dilution is believed to be preferable in those 
with a high CO,* but no previous report has shown that 
the 2 techniques are disparate in these patients. Our 
data show that the average difference between Fick and 
indicator dilution is greater in patients with a CO of less 
than 2 liters/min/m? (14 + 11%, n = 152) compared with 
those whose COs are 2.00 to 3.99 liters/min/m? (8 + 7%, 
n — 624, p «0.001). Furthermore, the Fick-indicator 
dilution difference was 10% or less in only 48% and 20% 
or less in only 77% of the 152 patients with a CO of less 
than 2 liters/min/m?; in contrast, the Fick-indicator 
dilution difference is 10% or less in 72% and 20% or less 
in 94% of the 624 patients with a CO of 2.00 to 3.99 li- 
ters/min/m? (p «0.001)(Table I). 

The increased disparity between Fick and indicator 
dilution in patients with a low CO is true for the dye 
method but not for thermodilution. In the patient with 
a low CO, right-sided injection of dye, with sampling 
from a systemic artery, may produce a first-pass indi- 
cator dilution curve that is so prolonged that recircu- 
lation begins before the downslope of the primary curve 
is inscribed. As a result, measurement of CO may be 
inaccurate. Theoretically this inaccuracy should not 
occur with thermodilution because it assesses and 
measures the curve's shape and area after the right- 
sided injection and sampling of indicator. Our data re- 
veal a difference between thermodilution and dye 
measurements. Patients with a CO of less than 2 li- 
ters/min/m? had an increased disparity between Fick 
and dye, but not between Fick and thermodilution 
(Table I). 

Although Eliasch et al? suggested that the difference 
between Fick and dye values was exaggerated in pa- 
tients whose COs were more than 9 liters/min, no sub- 
sequent study has provided data to support this. In the 
present study, only 32 patients had a CO of 4 liters/ 
min/m? or more. The relation between Fick and indi- 
cator dilution in these patients was similar to that in the 
624 patients with a CO of 2.00 to 3.99 liters/min/m? 
(Table III). Therefore, our data do not show that the 
Fick-indicator dilution disparity is influenced by a high 
CO (4 liters/min/m? or more), but the relatively small 
number of patients with a high CO may have prevented 
us from assessing this issue definitively. 

Influence of aortic or mitral regurgitation on the 
agreement between Fick and indicator dilution: 
There is disagreement as to whether left-sided regurg- 
itation renders the indicator dilution technique inac- 
curate. In patients with severe MR, Rahimtoola and 
Swan? measured CO by injecting dye into the pulmo- 
nary artery and sampling its appearance and concen- 
tration in a systemic artery; the resultant dye curves 
underestimated CO by about 20%. These investigators 
argued that the distortion of the dye curves, with a re- 
sultant miscalculation of CO, was caused by recircula- 
tion of indicator in the coronary arterial system. Samet 





et a1156 showed that CO could be measured reliably by 
the right-sided injection and sampling of dye (right 
atrium to pulmonary artery) even in patients with se- 
vere MR or AR. In these patients, the problem imposed 
by coronary recirculation was alleviated and, as a result, 
the dye curves were not distorted in shape or area. Our 
data complement these observations. In those with AR 
or MR (n = 83), the Fick-indicator dilution percentage 
difference was exaggerated (13 + 11%) compared to 
those without regurgitation (n = 725) (9 + 8%, p 
<0.001). However, the disparity between Fick and in- 
dicator dilution was present for dye (for which indicator 
was injected into the pulmonary artery and sampled in 
a systemic artery), but not for thermodilution (for which 
indicator was injected into the right atrium and sampled 
in the pulmonary artery) (Table IV). 

Clinical implications: Our data indicate excellent 
agreement between Fick and both thermodilution and 
dye measurements of CO. Thermodilution appears to 
be preferable to dye in patients with a low CO and those 
with AR or MR. In these patients, the right-sided in- 
jection and sampling of “cold” yields a curve less subject 
to recirculation-induced distortion than the right-sided 
injection and left-sided sampling of dye. 
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ONE OF A IND... IN VHF 


Avoid any change. 
in the classic Lasix-digitalis regimen 


urosemide 


You've titrated to a precise therapeutic response. 
Now, unless your patient's condition changes, the 
regimen shouldn't. Because if it does, the sensi- 
tive diuretic/digitalis/electrolyte balance could 
be upset. And the consequences could be serious. 
So, once a patient has been stabilized on 
Lasix’ tablets, it’s only logical to specify Lasix" by 
brand name and prevent generic substitution. 
That's the only way you can be sure 
your patient will always receive the 
same brand of furosemide tablets... 
exactly the same formula- 
tion and manufacturing 
process, with the same 
excipients and binders... 
with every single refill. In 
fact, 9 out of 10 cardiolo- 
gists do specify Lasix” by 
brand name, and 2 out 


©1985 by Hoechst-Roussel Pharmaceuticals Incorporated 


of 3 take the extra step to prevent substitution. 

Lasix” is the most thoroughly documented 
drug in its class, with quality so consistent that 
almost 8 billion tablets have been manufactured 
without a single product recall. 


Reference: 1. National survey of 2960 physicians, including 1502 
cardiologists and other physicians subspecializing in cardiology, 
conducted by Hoechst-Roussel Pharmaceuticals Incorporated, 
Somerville, New Jersey. August 1982. 


Please see following page for brief summary of 
full prescribing information. 
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80 mg Tablets 
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ING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Therefore, careful medi- 
cal supervision is required, and dose and dose schedule have 
to be adjusted to the individual patient's needs. 
INDICATIONS: Edema associated with congestive heart failure 
cirrhosis of the liver, and renal disease. including the nephrotic 
syndrome. Hypertension when used alone or in combination 
with other antihypertensive drugs, patients not adequately con- 
trolled with thiazides also probably will not be adequately con 
trolled with furosemide alone 
CONTRAINDICATIONS: Anuria. History of hypersensitivity to 
the compound. 
WARNINGS: Excessive diuresis may result in dehydration and 
reduction in blood volume. with circulatory collapse and with the 
possibility of vascular thrombosis and embolism, particularly in 
elderly patients. Excessive loss of potassium in patients receiv- 
ing digitalis glycosides may precipitate digitalis toxicity Exercise 
care in patients receiving potassium -depleting steroids. Perform 
frequent serum electrolyte, CO., and BUN determinations during 
first few months of therapy and periodically thereafter and cor- 
rec! abnormalities or temporarily withdraw the drug. Initial ther- 
apy of patients with hepatic cirrhosis and ascites is best carried 
out in the hospital. Closely observe cirrhotic patients for sudden 
fluid and electrolyte imbalances that may precipitate hepatic 
coma. Supplemental potassium chloride and. if required. an 
aldosterone ontagonis! are helpful in preventing hypokalemia 
and metabolic alkalosis. Discontinue furosemide if increasing 
azotemia and oliguria occur during treatment of severe progres- 
Sive renal disease. Observe patients regularly for possible blood 
dyscrasias, liver damage, or other idiosyncratic reactions. Patients 
with known sulfonamide sensitivity may show allergic reactions 
Furosemide may potentiate the therapeutic effect of other antihy 
pertensive agents. Potentiation occurs with ganglionic or periph- 
eral adrenergic blocking drugs. Exacerbation or activation of 
systemic lupus erythematosus may occur. Furosemide appears 
in breast milk. If use of the drug is essential, the patient should 
Stop nursing. Cases of tinnitus and reversible hearing impairment 
have been reported 
There have also been some reports of cases in which irreversible 
hearing impairment occurred Usually ototoxicity has been 
reported when furosemide was injected rapidly in patients with 
Severe impairment of renal function at doses exceeding several 
limes the usual recommended dose and in whom other drugs 
known to be ototoxic were given. If the physician elects to use 
high-dose porenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. (For 
adults, an infusion rate not exceeding 4 mg furosemide per min 
ute has been used.) 
PRECAUTIONS: As with any effective diuretic electrolyte deple- 


~ ion may occur, especially in patients receiving higher doses and 


Q restricted salt intake. Patients receiving furosemide should be 
observed for clinical signs of fluid or electrolyte imbalance 
namely, hyponatremia, hypochloremic alkalosis. and hypokale- 
mia. Serum and urine electrolyte determinations are particularly 
important when the patient is vomiting excessively or receiving 
parenteral fluids. Medication such as digitalis may also influ- 
ence serum electrolytes. Hypokalemia may develop with furo- 
Semide as with any other potent diuretic. especially with brisk 
diuresis, when cirrhosis is present. or during concomitant use of 
Corticosteroids or ACTH. Interference with adequate oral electro- 
lyte intake will also contribute to hypokalemia Digitalis may 
exaggerate metabolic effects of hypokalemia, especially with ref- 
erence to myocardial activity Asymptomatic hyperuricemia can 
occur and gout may rarely be precipitated Increases in blood 
glucose and alterations in glucose tolerance tests with abnor- 
malities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes melli- 
tus have been reported. Furosemide may lower serum calcium 
levels, and rare cases of tetany have been reported Periodic 
serum calcium levels should be obtained. Reversible elevations 
of BUN may be seen. These have been observed in association 
with dehydration, which should be avoided particularly in 
patients with renal insufficiency Patients receiving high doses of 
salicylates in conjunction with furosemide may experience salic- 
ylate toxicity at lower doses because of competitive renal excre- 
lory sites. Furosemide has a tendency to antagonize the effects 
of tubocurarine and may potentiate the action of succinylcholine 
Lithium generally should not be given with diuretics because 
they reduce its renal clearance and add o high risk of lithium 
loxicity Diuretics such as furosemide may enhance the nephro- 
toxicity of cephaloridine. Therefore, furosemide and cephalon- 
dine should not be administered simultaneously Furosemide 
may decrease arterial responsiveness to norepinephrine This 
diminution is not sufficient to preciude effectiveness of the 
pressor agent for therapeutic use. It has been reported in the 
literature that coadministration of indomethacin may reduce the 
natriuretic and antihypertensive effects of Lasix (furosemide) in 
Some patients. This effect has been attributed to inhibition of 
prostaglandin synthesis by indomethacin Indomethacin may 
also affect plasma renin levels and aldosterone excretion: this 
should be borne in mind when a renin profile is evaluated in 
hypertensive patients. Patients receiving both indomethacin and 
Lasix (furosemide) should be observed Closely to determine if 
the desired diuretic and/or antihypertensive effect of Lasix (furo- 
semide) is achieved 

PREGNANCY: Pregnancy Category C. Furosemide has been 
shown to cause unexplained maternal deaths and abortions in 
rabbits at 2, 4 and 8 times the human dose. There are no 
adequate and well-controlled studies in pregnant women. Furo- 
semide should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus 

ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis. dizziness, vertigo, pares- 
thesias, headache, xanthopsia, blurred vision, tinnitus and 
hearing loss, anemia, leukopenia, agranulocytosis (rare), throm- 
bocytopenia, aplastic anemia (rare), purpura, photosensitivity, 
fash, urticaria, necrotizing angiitis (vasculitis, cutaneous vas- 
Culitis), exfoliative dermatitis, erythema multiforme, pruritus 
Orthostatic hypotension may occur and may be exaggerated 

by alcohol, barbiturates, or narcotics. Other adverse reactions 
include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, urinary bladder spasm, 
thrombophlebitis. Q-66388-185 
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TOPICS IN 
HYPERTENSION 


Edited by JOHN H. LARAGH, MD 





644 pages. 36 chapters by 85 internationally known specialists. 
Illustrated. Comprehensively indexed. $49.00. Available on 
30-day approval. 


High blood pressure is no longer only a problem of worldwide 
interest and relevance. It is now one in which the knowledge 
base has exploded to the point where the informed physician 
can do more and more about it in his daily practice. . .and can 
apply, to an ever-increasing extent, more sophisticated and in- 
dividually tailored therapies. 

Laragh's TOPICS IN HYPERTENSION places this kind of 
vital knowledge within instant reach of the physician. It 
presents a carefully selected array of discussions by 85 emi- 
nent specialists. It deals in depth with recent breakthroughs in 
understanding, diagnosing, and treating this problem. 


The book is conveniently organized for effective consultation 
and reading. 


Check the helpful contents... 


SECTION 1 SECTION 4 

Some Biochemical and Modes of Therapy 
Pathophysiologic Aspects PART I Beta Blockade 

SECTION 2 PART II Saralasin 

Newer Physiologic Approaches to PART III Converting Enzyme Blockade: 
Diagnosis Basic and Clinical Aspects 

SECTION 3 


Clinical and Prognostic Aspects 
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Yorke Medical Books AJCK5 


Box C-757, Brooklyn, New York 11205 


Send me, on approval, ^ copies of Laragh's Topics in Hypertension at $59.00. I will consult D 
and read this new manual for 30 days, then remit only if I consider it a necessary addition to my i 
library. Otherwise I will return it without further obligation. i 


C Send bill, plus shipping cost (U.S. & Canada only). 
C] Payment herewith. Publisher pays shipping. Same return privilege. 
O Charge my O MasterCard O Visa 
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City State Zip 
Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, 
TX. All foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit 
card. Please add $5.00 per book for all orders to be Shipped outside the U.S. and Canada. 


SS SS SS SS SS s SS H— ín — MD — — — eee — s xi 











All This... 
And 
Room 

For More 
It’s 
Marquette's 
New 


MAC PC 


What is it? 

It's what we used to put in a room 
20 foot square ... to analyze 
electrocardiograms. A computer 
which will acquire all 12 ECG 
leads simultaneously from your 
patient, and produce a full 
analysis of both morphology and 
rhythm in less than 15 seconds. 


But it’s only the size of a medical 
text book, weighs 11 pounds and 
contains its own battery pack for 
a full days work. 


And a MAC PC writes out tracings 
in real time, 3, even 6 leads at a 
time, on one piece of paper, 
complete with interpretative data 
ready for your patient's chart. 


If you add the modem option, 
the MAC PC will transmit (via 
telephone, satellite or cellular 
phone) your ECGs to one of the 
200 Central Marquette ECG 
Processing Centers throughout 
North America for overreading 
and will even receive (reverse 
transmission) previous tracings on 
your patient from the central file. 


We will be pleased to demonstrate 
the MAC PC. Call or write ... 


8200 W. Tower Ave. * Milwaukee, Wisconsin 53223 USA 


(414) 355-5000 * TWX 910-262-3071 MEI MIL 
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In hypertension... — 
the risks of some diuretics 





or the protection of Lopressor 
Siete. a kainai itched. RR 








Safe from complications 
due to diuretic-induced Ktloss 


Unlike some diuretics, Lopressor does not waste potassium or cause — 
hypokalemia which has been implicated in cardiac arrhythmias. Some diuretic 
therapy requires professional monitoring for potassium depletion. 





Excellent safety record 


Lopressor is generally well tolerated. Shortness of breath and bradycardia 
have occasionally been reported. Cardioselectivity* offers an added margin 
of safety compared to nonselective beta blockers. 





A safe bet for compliance 


The combination of once-a-day dosage and good tolerability makes 
a Lopressor regimen easy for patients to stay with. 





"Exerts a relative preference for beta-one receptors; this preference is not absolute. 


.. Contraindicated in heart block greater than first degree, sinus bradycardia, 
cardiogenic shock, and overt heart failure. Side effects with Lopressor are 
generally mild and transient, the most common being tiredness, dizziness, 
depression, and diarrhea. 


Please see next page for Brief Summary of Prescribing Information. 
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Changing the Course of Cardiovascular Care 
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‘metoprolol tartrate 


Tablets 
Ampuls 
Prefilled Syringes 


BRIEF SUMMARY 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE 
INSERT) 


INDICATIONS AND USAGE 

Hypertension 

Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Myocardial Infarction | 
Lopressor ampuls, prefilled syringes and tablets are indicated 
in the treatment of hemodynamically stable patients with 
definite or suspected acute myocardial infarction to reduce 
cardiovascular mortality, Treatment with intravenous 
Lopressor can be initiated as soon as the patient's clinical 
condition allows (see DOSAGE AND ADMINISTRATION, 
CONTRAINDICATIONS, and WARNINGS). Alternatively, treat- 
ment can begin within 3 to 10 days of the acute event (see 
DOSAGE AND ADMINISTRATION) 


CONTRAINDICATIONS 

Hypertension 

Lopressor is contraindicated in sinus bradycardia, heart 
block greater than first degree, cardiogenic shock, and overt 
cardiac failure (see WARNINGS). 


. Myocardial Infarction 


Lopressor is contraindicated in patients with a heart rate 
< 45 beats/min; significant heart block greater than first 
degree (P-R interval = 0.24 sec); systolic blood pressure 
« 100 mmHg; or moderate-to-severe cardiac failure 

(see WARNINGS). 


WARNINGS 

Hypertension 

Cardiac Failure: Sympathetic stimulation is a vital compo- 
nent supporting circulatory function in congestive heart 
failure, and beta blockade carries the potential hazard of 
further depressing myocardial contractility and precipitating 
more severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and diuretics, 
Lopressor should be administered cautiously. Both digitalis 
and Lopressor slow AV conduction. 

In Patients Without a History of Cardiac Failure: Contin- 
ued depression of the myocardium with beta-blocking agents 
over a period of time can, in some cases, lead to cardiac 
failure. At the first sign or symptom of impending cardiac 
failure, patients should be fully digitalized and/or given a 
diuretic. The response should be observed closely. If cardiac 
failure continues, despite adequate digitalization and diuretic 
therapy. Lopressor should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessation 
of therapy with certain beta-blocking agents, exacerba- 
tions of angina pectoris and, in some cases, myocardial 
infarction have been reported. Even in the absence of 


overt angina pectoris, when discontinuing therapy, 
Lopressor should not be withdrawn abruptly, and pa- 
tients should be cautioned against interruption of therapy 
without the physician's advice (see PRECAUTIONS, 
Information for Patients). 





Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients 
with bronchospastic disease who do not respond to, or 
cannot tolerate, other antihypertensive treatment. Since 
beta, selectivity is not absolute, a beta;-stimulating agent 
should be administered concomitantly, and the lowest 
possible dose of Lopressor should be used. In these 
circumstances it would be prudent initially to administer 
Lopressor in smaller doses three times daily, instead of 
larger doses two times daily, to avoid the higher plasma 
levels associated with the longer dosing interval. 

(See DOSAGE AND ADMINISTRATION.) 

Major Surgery: The necessity or desirability of with- 
drawing beta-blocking therapy prior to major surgery is 
controversial; the impaired ability of the heart to respond to 
reflex adrenergic stimuli may augment the risks of general 
anesthesia and surgical procedures. 

Lopressor, like other beta blockers, is a competitive 
inhibitor of beta-receptor agonists, and its effects can be 
reversed by administration of such agents, e.g.. dobutamine 
or isoproterenol. However, such patients may be subject to 
protracted severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported with beta 
blockers. 

Diabetes and Hypoglycemia: Lopressor should be used 
with caution in diabetic patients if a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask 
certain clinical signs (e.g.. tachycardia) of hyperthyroidism 
Patients suspected of developing thyrotoxicosis should be 
managed carefully to avoid abrupt withdrawal of beta 
blockade, which might precipitate a thyroid storm. 


Printed in U.S.A. (7/85) 536-2998-A ©1985, Geigy. 
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t on, and beta blockade 
carries the potential hazard of depressing myocardial con- 
bara and precipitating or exacerbating minimal cardiac 
ailure. 

During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitorec. If heart failure 
occurs or persists despite appropriate treatment. Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus 
heart rate in most patients; this decrease is greatest among 
patients with high initial heart rates and least among patients 
with low initial heart rates. Acute myocardial infarction 
(particularly inferior infarction) may in itself produce signifi- 
cant lowering of the sinus rate If the sinus rate decreases 
to — 40 beats. min, particularly if associated with evidence 
of lowered cardiac output. atropine (0.25-0.5 mg) should be 
administered intravenously. If treatment with atropine is not 
successful. Lopressor should be discontinued, and cautious 
administration of isoproterenol or installation of a cardiac 
pacemaker should be considered 

AV Block: Lopressor slows AV conduction and may 
produce significant first- (P-R interval 70.26 sec). second-. 
or third-degree heart block. Acute myocardial infarction also 
produces heart block. 

If heart block occurs, Lopressor should be discontinued 
and atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful. 
cautious administration of isoproterenol or installation of a 
cardiac pacemaker should be considered. 

Hypotension: |f hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued. 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids. 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related 
to congestive heart failure occurs, Lopressor should be 
discontinued. A theophylline derivative or a beta, agonist 
may be administered cautiously, depending on the clinical 
condition of the patient. Both theophylline derivatives and 
beta, agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with 
impaired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following 
meals. If a dose should be missed. the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
physician. 

Patients should know how they react to this medicine 
before they operate automobiles and machinery or engage in 
other tasks requiring alertness. Patients should contact the 
physician if any difficulty in breathing occurs, and before 
surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor. 

Laboratory Tests 

Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase 

Drug Interactions 

Catecholamine-depleting drugs (e.g , reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope. or 
postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to 
evaluate toxic effects and carcinogenic potential In a 1-year 
study in dogs. there was no evidence of drug-induced toxicity 
at or below oral dosages of 105 mg. kg per day. In 2-year 
studies in rats at three oral dosage levels of up to 800 mg. kg 
per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg. kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiving 
the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung 
tumors, nor in the overall incidence of tumors or malignant 
tumors. This 21-month study was repeated, and no statis- 
tically or biologically significant differences were observed 
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Reproduction studies have been performed in rats at doses 
up to 55.5 times the maximum daily human dose of 450 mg 
and have revealed no evidence of impaired fertility or 
teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg). and distribution 


Studies in mice confirm exposure of the fetus when Lopressor 


is administered to the pregnant animal. There are no 
adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predic- 
tive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 

Pediatric Use 

Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 
Hypertension 
Most adverse effects have been mild and transient 

Central Nervous System: Tiredness ard dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, 
nightmares, and insomnia have also been reported. but a 
drug relationship is not clear. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type; palpita- 
tions; and congestive heart failure have been reported. (See 
CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS ) 

Respiratory: Wheezing (bronchospasm) has been reported 
in fewer than 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea nas occurrec in about 5 of 100 
patients. Nausea, gastric pain, constipation, flatulence, and 
heartburn have been reported in 1 of 100, or fewer, patients. 

Hypersensitive Reactions: Pruritus has occurred in fewer 
than 1 of 100 patients. Rash has been reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Alopecia has been reported. 

The oculomucocutaneous syndrome associated with the 
beta blocker practolo! has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- 
nations, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug 
relationship is not clear. 

Cardiovascular: |n the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
MACOLOGY section. the following adverse reactions were 


reported: 
Lopressor Placebo 

Hypotension 27.4% 23.2% 
(systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27 5% 29 6% 


Respiratory: Dyspnea of pulmonary origin has been 
reported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not cleat 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 
Potential Adverse Reactions 
A variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor 

Central Nervous System: Reversible men:al depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching 
and sore throat, laryngospasm. and respiratory distress. 


C84-38 (Rev. 7/85) 


Geigy 
Lopressor G 


metoprolol tartrate 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 





Changing the Course of Cardiovascular Care 


4 





[i s” 
TEC "2 N AA e's ^ai eon s els Z à 


Sigg 


o 


"n 


da^. 

una c7 

VUE bar 
v ` 


* 





Effect of Damped Sine-Wave Shocks on 
Catheter Dielectric Strength 


GUST H. BARDY, MD, FERNANDO COLTORTI, MD, TOM D. IVEY, MD, 
DAN YERKOVICH, and H. LEON GREENE, MD 





This study evaluated the ability of 24 new standard 
tripolar and quadripolar U.S. Catheter Instruments 
catheters to withstand a single damped sinusoidal 
shock delivered by a standard defibrillator. The 
schema for energy delivery was meant to simulate 
possible clinical practices. Delivered peak voltage 
and current were measured during each shock. 
Each electrode was examined for pitting and 
changes in line resistance as a consequence of the 
shock. Electrode pitting occurred on all selected 
anodal poles. However, it also was found on “‘un- 
solicited” electrodes from 7 catheters, indicating 
that current had followed unanticipated routes. 
Electrode line resistance was unmeasurable in 6 of 
these 7 inappropriately pitted electrodes. 
Delivered peak voltage and postshock catheter 
dielectric strength depended on the manner of en- 
ergy delivery. To simulate a posterior septal ac- 
cessory pathway ablation procedure, a shock was 
delivered to 2 proximal (anodal) poles in 16 quad- 
ripolar catheters (8 received 200 J and 8 received 


Standard electrode catheters may have significant 
limitations when subjected to high-energy defibrillator 
shocks for ablation of cardiac tissue. For example, some 
catheters can develop open circuits or visible changes 
in insulation after multiple defibrillator shocks.! These 
observations led us to question the likelihood of devel- 
oping serious nonvisible defects in commonly used, 
commercially available catheters during and after a 
single defibrillator shock. The results have implications 
for the safety of procedures that deliver high energies 
to standard catheters for ablation of atrioventricu- 
lar (AV) nodes, accessory pathways and ventricular 
tachycardia foci. 
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uscript received March 28, 1985; revised manuscript received May 10, 
1985, accepted May 13, 1985. 
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360 J). Delivered peak voltage was 3,125 + 362 V 
for the 200-J shock and 4,100 + 160 V for the 360-J 
shock. Postshock catheter dielectric strength for the 
200- and 360-J shock was 1,425 + 826 V and 601 
+ 707 V, respectively. This was significantly lower 
than peak delivered voltage (p «0.001 for either 
energy ). 

To simulate His bundle or ventricular tachycardia 
focus ablation, 8 tripolar catheters each received 
a single 200-J shock to the tip electrode. This re- 
sulted in a delivered peak voltage of 2,900 + 351 V, 
compared with a postshock dielectric strength of 
1,325 + 1,320 V (p «0.002). 

It is concluded that standard catheters cannot 
control current flow adequately during a single 


high-energy shock because of inadequate dielectric 


strength. After the first shock an already inadequate 
dielectric strength deteriorates and increases the 
likelihood of current leakage with each subsequent 
shock. 

(Am J Cardiol 1985;56:769-772) 


Methods 


Twenty-four U.S. Catheter Instruments (USCI) standard 
6Fr recording and pacing catheters (16 quadripolar and 8 
tripolar) with interelectrode spacing of 1.0 cm were studied. 
Each catheter was new and had never been used for any pur- 
pose before testing other than visual inspection and mea- 
surement of line resistance. 

Each catheter was positioned in the right atrium or coronary 
sinus of a dog by way of a femoral or jugular vein. A single 200- 
or 360-J damped sinusoidal discharge was delivered to each 
catheter by a standard Physio-Control Life-Pak 6 using 
techniques described previously.!-!! The catheter was con- 
nected to the positive output (anode) of the defibrillator. An 
8.5-cm disc positioned on the chest was used as the negative 
pole (cathode). Anode-cathode configuration differed for the 
quadripolar and tripolar catheters. For quadripolar catheters, 
2 adjacent proximal poles were connected in parallel as the 
anode, as might be done for accessory pathway ablation 
through the coronary sinus. For tripolar catheters, the distal 
pole was used as the anode, as might be done during AV 
node/His bundle or ventricular tachycardia focus ablation. 
The energy used for quadripolar catheters was either 200 or 
360 J (8 catheters were tested with each energy level). All 8 
tripolar catheters received 200-J shocks. Both current and 
voltage waveforms were monitored during delivery of the 
shock. Current was measured with a Tektronix A6303 current 
probe. Voltage was measured differentially using a resistive 





voltage divider with a 1000:1 input to output ratio (Warren 
Heggen, University Scientific Instruments Shop) and was 
displayed simultaneously with the current on a Tektronix 
#5113A oscilloscope. 

After the shock, each catheter was inspected by microscopy 
for electrode pitting (i.e., melting of the electrode surface) and 
line resistance was measured for each pole. Catheter dielectric 
strength was determined with a variable output potential 
generator that subjected the electrodes to a gradually in- 
creasing voltage (Hipotronics). The voltage at which current 
leakage occurred through the insulation separating the anodal 
electrodes from other catheter electrodes was catheter di- 
electric strength. Dielectric strength could be measured 
meaningfully only once per catheter, because leakage of cur- 
rent through insulation resulted in progressive deterioration 
in insulation properties. 

Catheter dielectric strength subsequently was correlated 
with peak shock voltage. Dielectric strength of shocked 
catheters also was compared with the dielectric strength of 
5 new unshocked quadripolar catheters. 

Statistical comparisons of peak-delivered voltages and di- 
electric strength were performed with paired t tests. 


The data are summarized in Table I. Of the 24 cath- 
eters studied, pitting was observed on the electrode 
receiving the shock in each instance. However, on 7 
catheters (4 quadripolar and 3 tripolar), pitting was 
observed on poles not intended to have received a shock. 
This finding indicates inappropriate current discharge 


to electrodes not intentionally serving as part of the 
anode. An example is shown in Figure 1, in which pole 
2 of a quadripolar catheter is unexpectedly pitted after 
a 360-J shock to anodal poles 3 and 4. 

Catheter line resistance of the distal electrode for 
either the quadripolar or tripolar catheters was unaf- 
fected by the shock (2.0 + 0.1 ohms before and 2.0 + 0.1 
ohms after). However, the more proximal poles did 
develop changes in line resistance after the shock. Be- 
fore the shock, the more proximal poles had a line re- 
sistance of 3.3 + 0.1 ohms. After the shock, it either was 
unchanged (3.3 + 0.1 ohms in 18 catheters) or it was 
open (“infinite” resistance in 6 catheters). 

Delivered peak voltage and current during the 200-J 
quadripolar catheter shocks were 3,125 + 362 V and 22 
+ 5 A, respectively. In comparison, the mean dielectric 
strength of these catheters after the 200-J shock was 
1,425 + 826 V. Peak delivered voltage was significantly 
higher than dielectric strength (p <0.001). For the 360-J 
quadripolar catheter shocks, peak voltage and current 
were 4,100 + 160 V and 30 + 3 A. Postshock dielectric 
strength was 601 + 707 V (p <0.001). For the 200-J tri- 
polar catheter shocks, the peak voltage and current were 
2,900 + 351 V and 31 + 10A. The dielectric strength for 
the 200-J shocks to the tripolar catheter was 1,325 + 
1,320 V (p <0.002). 

The 5 new quadripolar catheters not subjected to 
defibrillator shocks had dielectric strengths between 


TABLE! Data on 24 Catheters 
Peak Peak 
Stored Pitting on Change in Delivered Delivered Dielectric 
Catheter Anode Energy Non-Anode Electrode Current Voltage Strength 
Size Poles (J) Poles Resistance (A) (V) (V) 
Effects of a 200-J Shock to Two Proximal Poles of a Quadripolar Catheter 
6Fr 3+4 200 0 0 19 3,300 200 
6Fr 3+ 4 200 0 0 18 3,400 1,900 
6Fr 3+4 200 0 0 15 3,400 2,500 
6Fr 3+4 200 0 0 19 3,200 300 
6Fr 2+3 200 0 0 28 2,600 1,500 
6Fr 2+3 200 0 0 30 2,500 1,500 
6Fr 3+4 200 0 0 23 3,300 2,200 
6Fr 3+4 200 0 0 23 3,300 1,300 
22+5 3,125 + 362 1,425 + 826 
(p <0.001) 
Effects of a 360-J Shock to Two Proximal Poles of a Quadripolar Catheter 
6Fr 3+4 360 0 0 29 4,000 800 
6Fr 3+4 360 +(2)* + (open) 32 4,000 70 
6Fr 3+4 360 +(2) + (open) 32 4,000 70 
6Fr 3+4 360 0 0 29 4,100 500 
6Fr 3+4 360 0 0 26 4,200 2,200 
6Fr 2+3 360 +(4) + (open) 29 4,400 70 
6Fr 3+4 360 +(2) 0 35 3,900 400 
6Fr 2+3 360 0 0 26 4,200 70 
30 +3 4,100 + 160 601 + 707 
(p <0.001) 
Effects of a 200-J Shock to the Distal Pole of a Tripolar Catheter 
6Fr 1 200 +(3)* + (open) 23 3,200 800 
6Fr 1 200 0 0 23 3,100 3,000 
6Fr 1 200 +(2,3) + (open) 24 3,200 1,000 
6Fr 1 200 0 0 25 3,200 1,800 
6Fr 1 200 0 0 25 3,000 300 
6Fr 1 200 0 0 47 2,300 3,500 
6Fr 1 200 +(3) + (open) 40 2,600 100 
6Fr 1 200 0 0 38 2,600 100 
31+ 10 2,900 + 351 1,325 + 1,320 


* Numbers in parentheses refer to pole pitted. 
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2,200 and 3,500 V (2,780 + 517). In contrast, dielectric 
strength of shocked catheters generally was much lower 
(see before) and varied between 70 and 3,500 V (Table 
I). The difference in dielectric strength between shocked 
and unshocked quadripolar catheters was significant 
at the p <0.001 level. 


Discussion 


Previous work assessing integrity of standard pacing 
and recording catheters subjected to defibrillator shocks 
was done after multiple discharges.! The study included 
visual inspection of catheters and measurement of line 
resistance of each electrode before and after shocking. 
Several catheter brands were incapable of sustaining 
multiple high-energy shocks either by demonstrating 
increases in line resistance or by showing gross visible 
deterioration in the insulation. Our work expands on 
these observations by evaluating both catheter structure 
and dielectric strength during and after a single damped 
sinusoidal shock. 

None of our catheters that received single shocks had 
visible defects in insulation and only 6 had changes in 
line resistance. Each of these 6 catheters also demon- 
strated inappropriate electrode pitting and deteriora- 
tion of dielectric strength (1,000 V or less in these 6 
catheters). The open circuits indicate marked changes 
in catheter structure that likely correspond to fusion of 
the weld between ring electrode and cable. 

In 18 catheters line resistance was unchanged. How- 
ever, this finding alone did not predict whether a cath- 
eter’s insulation was sufficient to prevent current leaks 
during defibrillation shocks. Thirteen of these 18 
catheters had a dielectric strength less than 2,200 V 
after the shock—levels inadequate to prevent current 
leakage for subsequent high-energy shocks. Intact line 
resistance, therefore, does not guarantee that the 
catheter insulation is unchanged. 

New USCI, unshocked quadripolar catheters in our 
study had dielectric strength between 2,200 and 3,500 
V. The delivered peak voltage during a shock to qua- 
dripolar catheters using a 200-J discharge ranged be- 
tween 2,500 and 3,200 V. For a 360-J discharge it was 
between 3,900 and 4,200 V. Clearly, the possibility to 
exceed a catheter’s maximally tolerated voltage is 
present during the first shock. For all the catheters 
studied, the dielectric strength after 1 shock was less 
than 2,200 V in 19 of 24 (79%) instances and was less 
than 1,000 V in 13 (54%). This implies an even greater 
likelihood of misdirected shocks for catheters used more 
than once. The deterioration in catheter dielectric 
strength to a value far less than originally present 
probably results from structural changes in the insu- 
lation during the initial shock. 


Inappropriate current discharge was documented 
during the first shock in 7 catheters. In these catheters, 


. unconnected nonanodal electrodes demonstrated 


pitting (platinum melting) on their surfaces, indicating 
that part of the current exited elsewhere than originally 
intended (Fig. 1). In the case of AV node/His bundle 
ablation, such current leakage probably will not cause 
any unwanted cardiac damage. The distal electrode is 
usually used in these instances, and therefore, an in- 
appropriate current discharge through a more proximal 
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electrode is unlikely to affect vital tissue, because the 
current leak will probably enter the atrial cavity and be 
dissipated in the blood. Such an occurrence, however, 
will result in a diminution in current at the tip electrode 
and therefore may not be adequate to damage the AV 
node/His bundle to create heart block. This may ac- 
count for failure of the technique in some instances, 
especially with newer model USCI catheters.! 





FIGURE 1. Electrode pitting (platinum melting) is designated by white 
arrows on 3 of the 4 poles of a standard 6 Fr U.S. Catheter Instruments 
quadripolar catheter after a single 360-J shock (peak voltage of 4,000 
V and peak current of 32 A). Poles 4 and 3 served jointly as the anode 
(positive electrode), as might be done during at attempted posterior 
septal accessory pathway ablation. Pitting is seen on pole 4 (A) and pole 
3 (B) as would be expected. Pitting is much more pronounced on pole 
4, possibly indicating asymmetric current flow. The unanticipated pitting 
on pole 2 (C) indicates inappropriate electrical discharge through this 
electrode, which was not intended to serve as a part of the anodal 
configuration. Line resistance for pole 2 was not measurable (i.e., an 
open circuit). Dielectric strength after the shock was only 70 V. Pole 
1 was intact and is not shown 





Misdirected currents in the coronary sinus may have 
more significant untoward effects. Current leakage 
during posteroseptal accessory pathway ablation at- 
tempts could result in damage to parts of the AV groove 
away from the intended accessory pathway. This is a 
particular concern with respect to coronary artery in- 
jury. Patients considered for catheter ablation proce- 
dures should be those with no significant coronary ar- 
tery near the accessory pathway. An inappropriate 
discharge 1 to 2 cm away from the intended delivery site 
might result in coronary artery injury. Furthermore, as 
with AV node/His bundle ablation, current leakage may 
result in failure of the technique to interrupt accessory 
AV conduction. 

The concerns expressed for AV node/His bundle and 
accessory pathway ablation also exist for shocks deliv- 
ered to ventricular tachycardia foci. Undesired current 
discharge might result in failure of the procedure or 
in damage to normal myocardium not intended to be 
injured. 

Simple means of monitoring quality of catheter in- 
sulation for the electrophysiologist are not available. 
Delivering high-energy defibrillator shocks to standard 
catheters may result in misdirected currents with the 
first shock. Furthermore, one must assume that catheter 
insulation deteriorates after a single 200-J or higher 
energy shock making multiple shocks to the same 
catheter ill-advised. Leakage of current to “unsolicited” 
anodal electrodes may result in failure of the technique 
or an undesired outcome. Catheter technology must be 
improved before catheter ablation procedures can be 
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refined or an alternative form of energy delivery will be 
required. 
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Value of Intraoperative Left Ventricular Microbubbles 
Detected by Transesophageal Two-Dimensional 
Echocardiography in Predicting Neurologic Outcome 
After Cardiac Operations 


ERIC J. TOPOL, MD, LINDA S. HUMPHREY, MD, A. MICHAEL BORKON, MD, 
WILLIAM A. BAUMGARTNER, MD, DEBRA L. DORSEY, BRUCE A. REITZ, MD, 
and JAMES L. WEISS, MD 


To determine whether the presence or absence of 
left ventricular (LV) intracavitary microbubbles 
during cardiac surgery predicts neurologic sequelae, 
82 patients undergoing cardiac surgery were studied 
using transesophageal 2-dimensional (2-D) echo- 
cardiography. Cross-sectional images were re- 
corded just before and immediately after cardio- 
pulmonary bypass and stop frames were reviewed 
for the presence of microbubbles, rated as: 0 — 
absent, 1 — fewer than 5/frame, 2 — 10 to 25/frame, 
3 — too numerous to count. Microbubbles were 
detected after cardiopulmonary bypass in 34 pa- 
tients (4196) and found more often in valvular or 
other intracardiac manipulations than in coronary 
revascularization, 30 of 40 vs 4 of 42, respectively 
(p <0.001). When grade 2 or 3 microbubbles were 


The origin of central nervous system complications 
during open heart surgery often is not known.! Of the 
many potential causes, air embolism during cardiac 
surgery is particularly dreaded because this complica- 
tion is often avoidable. Recently, 2-dimensional (2-D) 
echocardiography has been used to detect left ventric- 
ular (LV) intracavitary air by means of the distinctive 
sonographic appearance of microbubbles. With use of 
this intraoperative technique, a high prevalence of in- 
tracardiac microbubbles has been shown after cardio- 
pulmonary bypass is discontinued.” Although micro- 
bubbles can be detected easily with ultrasound 
techniques,?-? their clinical significance is not known. 


From the Cardiology Division, Department of Medicine; Division of 
Cardiac Anesthesia, Department of Anesthesiology and Critical Care 
Medicine; and Division of Cardiothoracic Surgery, Department of Sur- 
gery, The Johns Hopkins Medical Institutions, Baltimore, Maryland. This 
. study was supported by Ischemic Heart Disease SCOR Grant 2P50- 
HL-17655 from the National Heart, Lung and Blood Institute, Bethesda, 
Maryland. Dr. Topol was supported by a research fellowship from the 
American Heart Association, Maryland Affiliate, Baltimore, Maryland. 
Manuscript received February 11, 1985; revised manuscript received 
April 23, 1985, accepted April 27, 1985. 

Address for reprints: James L. Weiss, MD, Cardiology Division, 
Carnegie 591, The Johns Hopkins Hospital, 600 North Wolfe Street, 
Baltimore, Maryland 21205. 


identified (22 of 34 patients), mechanical attempts 
to eradicate them were not successful. Postopera- 
tive follow-up in all patients revealed no new focal 
neurologic deficits. Prolonged encephalopathy 
(confusional state more than 72 hours) occurred in 
4 of 48 patients with no detectable microbubbles 
and in 3 of 34 patients with microbubbles (difference 
not significant). Thus, intracavitary left ventricular 
microbubbles are often detected during cardiac 
operations, particularly during valve replacement, 
but are not predictive of postoperative neurologic 
complications. This is true even if microbubbles 
are densely concentrated; attempts to eradicate 
microbubbles are unsuccessful and may be 
unnecessary. 

(Am J Cardiol 1985;56:773-775) 


We previously reported on the safety and ease of trans- 
esophageal echocardiography for obtaining high- 
quality cross-sectional images throughout the operative 
procedure.9? Using this imaging modality, we deter- 
mined whether the presence or absence of LV intra- 
cavitary microbubbles during cardiac surgery predicts 
neurologic outcome. 


Methods 


Before surgery, 82 patients undergoing various types of 
cardiac surgery (Table I) gave informed consent for intraop- 
erative transesophageal echocardiography. After induction 
of general anesthesia and tracheal intubation, a flexible gas- 
troscope with a miniature 3.5-MHz phased-array transducer 
at its tip (Diasonics) was introduced into the esophagus. 
Cross-sectional LV images were obtained at the level of the 
papillary muscles and the mitral valve before and immediately 
after cardiopulmonary bypass. The images were recorded and 
stop frames were reviewed in order to quantify the maximal 
number of LV intracavitary microbubbles per frame. Micro- 
bubbles were identified as small, oblong, highly mobile, 
echodense particles (Fig. 1). We used the same rating system 
as Rodigas et al?: 0 = absent, 1 = fewer than 5/frame, 2 = 10 
to 25/frame, and 3 = too numerous to count (Fig. 1). 

Before discontinuing cardiopulmonary bypass, when grade 
2 or 3 microbubbles were identified, attempts to manually 


774 INTRAOPERATIVE DETECTION OF CARDIAC MICROBUBBLES 


TABLE! Detection and Grading of Microbubbles by 
Transesophageal Echocardiography 


Grading of Microbubbles 
No. of 
Operation 0 1 2 3 Pts 
CABG 38 4 0 0 42 
Valve replacement 10 6 6 8 30 
CABG + aneurysm 0 0 2 1 3 
ASD 0 1 1 1 3 
TOF 0 0 1 1 2 
PFE 0 0 0 1 1 
Constrictive 0 1 0 0 1 
pericarditis 
Extracardiac* 38 5 0 0 43 
Intracardiac * 10 7 10 12 39 


Total 48 12 10 12 82 


* Microbubble detection significantly increased in intracardiac (29 
of 39) vs extracardiac (5 of 43) procedures, x? = 33, p «0.001. 

ASD = atrial septal defect repair; CABG = coronary artery bypass 
grafting; PFE = removal of a papillary fibroelastoma; TOF = correction 
of tetralogy of Fallot. 


de-air the left ventricle were made. Repetitive, direct manual 
LV compression was applied throughout the period immedi- 
ately before termination of cardiopulmonary bypass. In pa- 
tients undergoing only saphenous vein bypass grafting, no 
direct venting of the ventricle was performed, but all of these 
patients had left-sided cardiac decompression accomplished 
by means of the pulmonary artery. 

Patients were followed prospectively for the development 
of any focal or generalized neurologic deficits in the prehos- 
pital discharge period. Neurologic examination was performed 
by either the house officer, an investigator or a consulting 
neurologist when appropriate. Charts were concurrently re- 
viewed in order to ascertain the details of any neurologic 
complication. 


Results 


Immediately after cardiopulmonary bypass, micro- 
bubbles were detected in 34 of 82 patients (41%). Grade 





2 or 3 LV microbubbles were detected in 22 patients 
(27%). None of the patients undergoing aortocoronary 
bypass surgery had grade 2 or 3 microbubbles and only 
4 patients had grade 1 microbubbles identified. In 
contrast, intracardiac procedures such as valve re- 
placement, atrial septal defect repair, LV aneurys- 
mectomy, congenital defect repair and resection of an 
endocardial tumor were associated with a relative pre- 
ponderance of dense microbubbles, with grade 2 or 3 
present in 22 of 39 patients (56%). The other procedure 
included in this series was a pericardiectomy, which was 
accompanied by detection of grade 1 microbubbles. 
These results are summarized in Table I. 

The incidence of microbubble detection in the im- 
mediate postoperative period was significantly higher 
among those undergoing intracardiac procedures 
compared with those undergoing extracardiac proce- 
dures: 29 of 39 patients (74%) vs 5 of 43 patients (12%), 
respectively (x? = 33, p <0.001). 

Intraoperatively, manual attempts to eradicate re- 
sidual air were unsuccessful in all 22 patients who had 
grade 2 or 3 microbubbles. Success was defined as com- 
plete eradication of microbubbles. The grade was re- 
duced by at least 1 in 13 of 22 patients in this group. 

Postoperatively, neurologic follow-up data revealed 
no new focal deficits in any study patient. Before entry 
in the study, 12 patients had sustained a neurologic 
event, either a stroke or transient ischemic attack and 
2 patients had a history of grand mal seizures. After 
surgery, a generalized encephalopathy, or acute con- 
fusional state,® was present in 7 patients and lasted from 
3 to 5 days. The generalized deficit occurred in 4 of 48 
patients in whom no microbubbles were detected and 
3 out of 34 patients with intraoperative microbubbles 
(difference not significant). Detailed chart review of 
these 7 cases failed to reveal a clearcut origin for the 


FIGURE 1. Grading of intracavitary left ventricular mi- 
crobubbles in stop-frame cross-sectional echocardio- 
grams, at the mid—papillary muscle level, recorded during 
cardiac surgery. Microbubbles are demonstrated as small, 
oblong, echodense particles within the cavity. A, grade 
0—microbubbles are absent. B, grade 1—fewer than 5 
microbubbles per frame. C, grade 2—10 to 25 micro- 
bubbles per frame. D, grade 3—too many microbubbles 
to count. 


encephalopathy. Each patient had been treated with a 
variety of medications, anesthetic agents and transient 
hypotension in the 24 hours after surgery. Thus, it re- 
mains unclear whether cerebral air embolism in any way 
caused the generalized neurologic deterioration that 
occurred in these 7 patients. 


Discussion 


Avoidance of major central nervous system compli- 
cations after cardiac surgery, which occur in approxi- 
mately 5% of patients undergoing such procedures, 
is an essential goal. Without question, air embolism 
from the LV cavity is responsible for some postoperative 
strokes. Using transesophageal 2-D echocardiography, 
we have shown that microbubbles are often detected 
immediately after cardiac surgery, particularly valve 
replacement and other intracardiac procedures. How- 
ever, attempts to eradicate the microbubbles were un- 
successful and despite an extremely high density of 
intracavitary bubbles in some patients, gross neurologic 
deficits did not occur postoperatively in any study pa- 
tient. Our results related to the high incidence of LV 
microbubbles are in agreement with those of Rodigas 
et al.? In their study, of 79 patients undergoing a variety 
- of cardiac procedures, in 49 patients (62%) microbubbles 
were present, more often in valve replacement cases. In 
no patient did a gross neurologic deficit develop post- 
operatively. In contrast to their study, however, con- 
tinuous transesophageal 2-D echocardiography after 
cardiopulmonary bypass allowed us to monitor attempts 
to remove the microbubbles. Furthermore, our study 
was designed to consider neurologic outcome and 
we prospectively identified 7 patients with encephalop- 
athy, which may have been related to cerebral air 
embolism. 

The lack of a stroke or new focal deficit in both series, 
despite finding high-grade intracavitary microbubbles 
in 26% of patients, raises the issues of the sensitivity and 
clinical significance of microbubble detection. The 
considerable body of work in the field of contrast 
echocardiography suggests that microcavitation or 
microbubbles do indeed represent air.1971? Certainly, 
the preponderance of microbubble detection after in- 
tracardiac procedures, which allow the introduction of 
air into the left ventricle, confirms this hypothesis.? If 
air is frequently present in the left ventricle after car- 
diopulmonary bypass, why aren't there more clinical 
sequelae observed? Several explanations are possible. 
First, some studies suggest that 2-D echocardiography 
is so sensitive in the detection of microbubbles as to lead 
to false-positive diagnoses. Although this would be ex- 
pected for grade 1 microbubbles, it is difficult to imagine 
that either grade 2 or, especially, grade 3 microbubbles 
represent false-positive findings. Second, it is possible 
that air is, in fact, embolized, but these 2- to 100-u 
particles* may be cleared from the circulation without 
significant loss of perfusion. Feinstein et al!? showed in 
an experimental study that microbubble size plays a 
critical role in their passage through the capillary bed 
and that large microbubbles coalesce, temporarily ob- 
struct flow and subsequently shrink or collapse. The 
third possible explanation relates to the underdiagnosis 
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of a clinical event, in this case extremely more subtle 
neurologic deficits, which have not been prospectively 
related to microbubble embolization. This represents 
a limitation of the current study, which did not ascertain 
long-term neurologic follow-up or include specific ob- 
jective psychological or cognitive testing.'4 Recent 
studies suggest that post-cardiopulmonary bypass 
neurologic damage may be subclinical.!°:!© However, no 
study patient evinced any focal neurologic deficit 
postoperatively. 

Implications: Transesophageal 2-D echocardiogra- 
phy is safe and relatively easy to perform intraopera- 
tively. Owing in part to its ability to detect micro- 
bubbles, it has been suggested that this technique, or 
direct 2-D echocardiography from the epicardial sur- 
face, be applied widely to patients undergoing not only 
cardiac but also neurosurgical procedures.!7-1? The 
present study points out that even dense intracavitary 
LV microbubbles so detected may not predict an ad- 
verse postoperative clinical neurologic outcome. Fur- 
ther, the presence of microbubbles after intracardiac 
procedures is not significantly affected by manual at- 
tempts to eradicate them. Such attempts may be un- 
necessary, because in keeping with the results of Rodi- 
gas et al,? no data support their clinical significance. 
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Right Ventricular Ejection Fraction Measured by First-Pass 
Intravenous Krypton-8 1m: Reproducibility and 
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Study of the effects of various diseases and thera- 
peutic manipulation of pulmonary vascular resis- 
tance on the right ventricle has been restricted by 
methodologic limitations. The radioactive gas in 
solution, krypton-81m was used to study the right 
ventricle and the technique was compared with a 
technetium-99m method. In 22 subjects, first-pass 
krypton-81m right ventricular ejection fraction, 
acquired both in list mode and electrocardiogram- 
gated frame mode, correlated well (r = 0.81 and 


Studies of right ventricular (RV) performance in pa- 
tients with coronary artery disease,!:2 congenital heart 
disease? and chronic obstructive pulmonary disease4 
have been performed since 1951. The proliferation of 
pharmacologic means to manipulate pulmonary vas- 
cular resistance with agents such as oxygen, hydralazine, 
nitrates and, most recently, nifedipine makes assess- 
ment of RV function timely.?-!? Echocardiography and 
contrast angiography are not adequate for this appli- 
cation. Radionuclide methods using technetium-99m 
have been used to study the right ventricle,? but have 
been limited by background accumulation with first- 
pass methods; the presence of tracer in the left ventricle 
with the equilibrium method has made accurate as- 
sessment of the activity within the right ventricle dif- 
ficult. We studied a new method, using intravenous 
krypton-81m, for assessment of RV function to obviate 
these difficulties. 


Methods 


Twenty-two subjects were studied: 7 normal volunteers, 13 
patients with chronic obstructive lung disease and 2 patients 
with primary pulmonary hypertension. Each subject under- 
went multiple first-transit krypton-81m studies (see later), 
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0.86, respectively, p <0.01) with that determined 
by technetium-99m first-pass studies over a broad 
range of ventricular function. The reproducibility of 
the technique was excellent (r = 0.84 and 0.95 for 
each acquisition mode, respectively). Krypton-81m 
first-pass studies provide accurate and reproducible 
estimates of right ventricular function. Use of krypton 
allows multiple measurements, with or without 
perturbations, over a short period of time. 

(Am J Cardiol 1985;56:776-780) 


with injection into an antecubital vein from a rubidium-81/ 
krypton-81m generator. The generator consisted of the parent, 
rubidium-81 (half-life = 4.5 hours, total activity of the gen- 
erator 15 to 20 mCi), fixed on a macroporous cation exchange 
resin (AGMP-50 resin column). The daughter, krypton-81m 
(half-life 13 seconds), was eluted continuously in 596 dextrose 
in water (low free-ionic content) at a rate of 20 to 30 ml/min 
using a Masterflex rotary tube pump. A cold scavenger resin 
column was included between the generator and the patient 
to reduce the rubidium breakthrough reaching the patient to 
a minimum (see Radiation dosimetry section). The patients 
were placed in the 30? right anterior oblique position. The first 
transit of krypton-81m was imaged with a gamma camera with 
a 200-keV, parallel-hole collimator interfaced to a dedicated 
minicomputer. Two methods of computer acquisition were 
used: list mode and electrocardiogram-gated first-pass frame 
mode. 

For the list mode technique, data collection started when 
the rotary pump was turned on and continued until activity 
reached the lungs, the approximate duration being 30 to 50 
seconds. A series of images was created from the list mode data 
that identified the right atrium, right ventricle and pulmonary 
artery. The operator drew a rough region of interest around 
the right ventricle. A high-frequency time-activity curve (30 
ms/point) was derived. End-diastole for each beat was defined 
as the peaks and end-systole as the troughs of the time-activity 
curve. A 16-frame composite cardiac cycle was created using 
only the frames showing activity in the right ventricle. 

In the electrocardiogram-gated frame mode procedure, the 
acquisition was 20 to 40 seconds, beginning when activity was 
first noted in the superior vena cava on the persistence scope. 
Acquisition was terminated when activity reached the lung 
fields. Two regions of interest (end-diastolic and end-systolic) 
were used in calculating the RV ejection fraction. 
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TABLE! Dose Estimates for Krypton-8 1m Intravenous Infusion (mrad/mCi *'Rb-min) 


Source Organ 
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Target Injection Total Total 

Organ Site Heart Lungs Body Dose 
Injection site 3.524 — — -—— 3.524 
Heart — 0.481 — — 0.481 
Lungs* — 0.015 1.5 0.014 1.179 
Active bone marrow* — 3.9 X 107? 0.012 0.014 0.030 
Testes* — 4.2 X 1075 9.2 X 1075 0.011 0.011 
Ovaries * = 249 X 107 9.2 X 1074 0.015 0.016 
Total body* — 9.1 X 107? 0.025 0.014 0.048 


* Includes ®'Rb breakthrough of 0.15 uCi/mCi 9'Rb-min. 


— = not computed. 


End-diastolic, end-systolic, and background-count regions 
of interest were drawn with the assistance of phase and am- 


TABLE I| Dosimetry Breakthrough for Typical Study* 





plitude images. Ejection fraction was calculated as [(RVED Organ Total Dose 
— RVES)/RVED] X 100 where EF = ejection fraction, RVED Testes 0.4 mrad 

= the background-corrected counts in the end-diastolic region Ovaries Mee n 
of interest, and RVES = the background-corrected counts in IAM 0.88 TE : 


the end-systolic region of interest. 

Each subject underwent 1 list mode and/or 1 gated frame 
mode study and at least 1 replicate study of each technique 
within 2 to 3 minutes of the first acquisition. In 17 patients, 
repositioning between acquisitions was performed by delib- 
erately moving the patient out from the camera to test the 
limits of reproducibility. 

Each patient underwent a first-pass technetium-99m per- 
technetate (15 to 20 mCi) study in the right anterior oblique 
30? position within 24 hours after the krypton-81m studies. 

Radiation dosimetry: The assumptions were for conser- 
vative dose estimation. The generator was assumed to be 
eluted with an efficiency of 90% and free of radionuclidic 
impurities. Transit time from generator to infusion site was 
assumed to be 5 seconds, yielding a total correction factor for 
activity delivered of 0.689. No correction for decay during 
vascular transit in vivo was used. Krypton-81m activity was 
assumed to be eluted at rate of production. Therefore, in- 
cluding the branching of rubidium-81 to krypton-81, the 
production/elution rate was 51.1 wCi of krypton-81m per 
millicurie of rubidium-81 per second. The corrected delivery 
rate was then 2.11 X 10? uCi of krypton-81m per millicurie of 
rubidium-81m per minute of infusion. At the infusion site, 
blood and infusate were assumed to be instantaneously mixed. 
Assuming blood flow at the infusion site to be 760 ml/min, the 
instantaneous activity concentration was then 2.93 
uCi/ml/mCi of rubidium-81. All infused activity was assumed 
to enter the lung by way of pulmonary circulation. For organ 
exposure estimation, recirculation was ignored, whereas for 
total body exposure, 276 of the administered activity was as- 
sumed to remain in circulation. Effective washout halftimes 
for lung and whole body were assumed to be 9 and 13 seconds, 
respectively. 

The dose values are listed in Table I. The rubidium gener- 
ator was typically 15 to 20 mCi. 

Infusion times were usually 30 seconds (maximum 1 min- 
ute). This gives a typical dose of about 50 mrads to the infusion 
site and less than 18 mrads to lung and 8 mrads to heart per 
first-pass study. For assessment of the radiation exposure 
from rubidium-81 “breakthrough” in intravenous adminis- 
tration of krypton-81m, it was assumed (worse case) that for 
a 15-mCi generator and 300 ml of eluent delivered, the total 
rubidium-81 activity administered was 45 Ci. The assump- 
tion was based on measured breakthrough ranging from 0.1 
to 4.2 uCi/100 ml eluent for generators 5 to 20 mCi in size. 
Assuming instantaneous uptake, uniform distribution whole 
body, and no biologic elimination, radiation doses from ru- 
bidium-81 were computed using “S” factors.!!-14 Dose esti- 


* Assuming 4.5 uCi rubidium-8 1/30 ml eluent. 


mates also included contribution from daughter krypton-81m. 
Typical dose estimates of breakthrough (for flow rate 30 
ml/min) for a minute first-pass study are listed in Table II. 
For this preliminary study, a cold resin column was positioned 
in the infusion line to preclude any rubidium-81 breakthrough 
from reaching the patient. However, these dose estimates 
showed that this precaution is probably not necessary for the 
use of this generator for dose reduction and may serve only as 
a “worst case" downstream trap in the unlikely event of severe 
resin breakthrough (as in an accidental elution with NaCl, 
which would strip the column). 


Results 


A typical study of RV ejection fraction is shown in 
Figure 1. The data were analyzed as follows (Fig. 2-4): 
(1) list mode acquisition of krypton-81m vs list mode 
for technetium-99m pertechnetate; (2) gated frame 
mode krypton-81m vs list mode technetium-99m per- 
technetate; (3) correlation between krypton replicates 
for all subjects; (4) correlation between list mode or 
gated frame mode krypton replicates using only studies 
with repositioning; and (5) krypton list mode vs gated 
frame mode. 

The correlation and the number of data pairs for the 
different methods of analysis are listed in Table III. The 
mean of all replicates (33 for list mode; 30 for frame 
mode) for each patient was used for correlation with 
technetium-99m pertechnetate RV ejection fraction. 
The list mode and gated frame mode krypton-81m 
techniques agreed equally well with the technetium- 
99m RV ejection fraction (r = 0.81, p «0.01, Fig. 2 left, 
and 0.86, p «0.01, Fig. 2 right, respectively). 

The 99% confidence intervals are shown about the 
regression lines in Figure 3 for the plot of the list mode 
krypton-81m vs gated frame mode results for all pa- 
tients who had both studies; the results are averaged 
over replicates for each technique. The correlation was 
excellent (r = 0.88, p <0.01). 

For each mode we assessed the reproducibility by 
presenting the correlation between pairs of measure- 
ments, each pair from a different subject. Because each 
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FIGURE 1. Composite of first-pass processed images. Top left, com- 
posite end-diastolic image created from a first-pass study. The activity 
outlines the superior vena cava, right ventricle and pulmonary outflow 
tract. Arrow 1 marks the region of interest taken for end-diastolic 
counts. Top right, composite end-systolic image. Arrow 2 marks the 
background region of interest. Arrow 3 marks the region of interest for 
end-systolic counts. Bottom left, the Fourier amplitude image. Arrow 
denotes the value plane separating the right atrium and right ventricle. 
A similar separation is noted in the phase image. Both phase and am- 
plitude images are used to help define the regions of interest. 


subject had multiple measurements (38 for list mode, 
22 for frame mode), we used a randomization method to 
construct a distribution of correlation coefficients: From 
the data on each subject, we randomly selected 1 pair 
of measurements and computed the correlation coeffi- 
cient for all subjects. This procedure was repeated 1,000 
times. The histogram (Fig 4) of correlation coefficients 
was used to define the 95% confidence limits on the re- 
producibility correlations (‘Table III and IV). The cor- 
relations in the 17 patients for whom a single cam- 
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TABLE Ill Correlation Coefficients (r) for Right Ventricular 


Ejection Fraction Estimates 








No. of 
Comparison Pts.* r 

Avg. Kr LM vs Tc 14 0.81 (0.18)! 
Avg. Kr FM vs Tc 15 0.86 (0.15)! 
Avg. Kr FM vs GFM 10 0.88 (0.16)! 
Kr LM all replicates 14 0.95* (0.89—0.99)5 
Kr FM all replicates 12 0.991 (0.96—0.99)5 
Kr LM repositioning 12 0.95! 

replicates 
Kr FM repositioning 5 0.98! 

replicates 





* The actual number of averaged observations is in the text. 

t Standard error of slope of linear regression. 

t Mode of histogram in Figure 4. 

$ Confidence limits on correlations. 

! p «0.05. 

Avg. = average; FM = frame mode; GFM = gated frame mode; Kr 
= krypton-8 1m first-pass right ventriculogram; LM = list mode; Tc = 
technetium-99m. 


era-repositioning replicate was available are listed in 
Table III. 

The paired replicates for all possible combinations 
are shown in Figure 3 for the list mode and the gated 
frame mode techniques. There was excellent repro- 
ducibility, even when correlation of replicates was 
limited to those with repositioning (Table III, r = 0.95 
and 0.98, respectively). The average coefficients of 
variation over all patients for each technique of acqui- 
sition (4.5% and 3.2% for list mode and gated frame 
mode, respectively) are listed in Table IV, confirming 
the excellent reproducibility of both techniques. 


Discussion 


Early studies to evaluate RV performance used in- 
dicator dilution techniques, including dye,!? thermal! 
and radionuclide!’ methods. Contrast ventriculography 
has been used since 1967 to obtain RV volumes.!? 
However, contrast angiography must rely on various 
geometric models of RV shape,!? and requires correction 
by regression equations for systematic overestimation 
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FIGURE 2. Comparison of the 2 krypton-8 1m acquisition methods with the technetium-99m pertechnetate method. The krypton estimates were 
averaged for a given patient. The linear regression line was plotted with 9996 confidence limits. Left, average krypton-8 1m list mode right ventricular 
ejection fraction vs technetium-99m list mode right ventricular ejection fraction. The correlation between the average krypton and technetium 
pertechnetate estimates of right ventricular ejection fraction is 0.81 (p «0.0 1). Right, average krypton first-pass electrocardiogram-gated frame 
mode right ventricular ejection fraction vs technetium-99m list mode right ventricular ejection fraction. 
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of RV volume. Because of the difficulty of geometric 
modeling and the invasive nature of angiography, study 
of the right ventricle with this method has been of little 
value in adults. 

Echocardiography has had limited usefulness in study 
of the right ventricle. M-mode echocardiography cannot 
fully delineate the irregular shape of the right ventricle 
because of the small area sampled by this technique.?9?! 
No specific geometric model has been predictive of 
volume from the axes measured by 2-dimensional 
echocardiography.?! 

Several methods have been developed using gated 
blood pool techniques.?? The use of slant-hole collimator 
has been advocated as a refinement of the equilibrium 
method.22 However, with all of these methods, the 
underlying assumption has been that overlap of 
the right ventricle with the right atrium was not 
significant. 

Steele et al24 used first-pass technetium-99m to 
measure ejection fraction. This method had a correla- 
tion of 0.8 with contrast angiography,” and has re- 
mained the standard method of assessing performance 
in most clinics. To obtain repeat studies using first-pass 
techniques, Berger et al? used rapidly cleared techne- 
tium ligands. However, accumulation of background 
activity limited the number of first-pass studies that 
could be obtained in a single sitting. Radiogold-195m 
has also been used similarly. It is not eliminated by the 
lungs, and thus appears in the left ventricle, which in- 
terferes with RV study.2’ The use of radioactive gases 
that clear rapidly from the lungs for first-pass mea- 
surement of RV ejection fraction has the advantage of 
little background accumulation and isolation of the 
radionuclide to the right side of the heart. Goldberg et 
al28 showed good agreement of intravenous xenon with 
technetium-99m first-pass studies. Krypton-81m has 
the additional advantage of a 13-second half-life, al- 
lowing rapid clearance of isotope, resulting in low ra- 
diation exposure and background activity. Knapp et al?? 
performed list mode intravenous krypton studies of the 
right ventricle, but did not validate the accuracy of the 
method. 
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Krypton 8l m Gated Frame Mode Right Ventricular Ejection Fraction 
FIGURE 3. Comparison of both krypton computer acquisition methods. 
in 10 patients in whom both list mode and gated frame mode studies 
were obtained, the average right ventricular ejection fraction for the 
gated frame mode vs the list mode is plotted. 
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TABLE IV Reproducibility 


No. of No. of Average Coefficient 
Acquisition Pts. Studies of Variation 1SD 
LM 14 37 4.55 3.62 
FM 12 28 3.23 1.96 


FM 12 Ee 


* CV = (SD/mean) X 100% for each patient. 
FM = gated frame mode; LM = list mode; SD = standard devia- 
tion. 


We found good correlation between the krypton-81m 
and technetium-99m pertechnetate first-pass studies. 
The correlation was equally good for krypton studies 
acquired by list mode or electrocardiogram-gated frame 
mode. Both acquisition techniques have advantages and 
limitations. The list mode allowed selective beat-to-beat 
determination of RV ejection fraction. List mode was 
operator-independent, in that precise timing of start 
and termination of acquisition was not necessary. In 
gated frame mode, however, accurate timing of the 
transit to the pulmonary artery was required to exclude 
the pulmonary phase from the present framing se- 
quence. Because the list mode in this study did not in- - 
clude the R wave from the electrocardiogram, the 
linkage of the R wave to the gated frame mode allowed 
exact identification of the end-diastolic frame, whereas 
the list mode method used the peaks of the time-activity 
curve. The gated frame mode technique was somewhat 
more technically reliable for krypton studies (91% for - 
gated frame mode vs 74% success for list mode). Frame 
mode required less computer space and processing time 
than list mode. 

The excellent reproducibility and rapid repeatibility 
with krypton were a result of prompt removal of tracer | 
by the lungs, the short half-life, and rapid regeneration 
of the daughter by the parent generator. The method 
was easily performed and highly reproducible even after 
repositioning. Rapid regeneration of activity in the 
generator allowed replicate acquisitions every 1 to 2 
minutes. 
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C] List Mode Gated Frame Mod 
FIGURE 4. Reproducibility studies. The result of randomly pairing 
replicates is shown as histograms of correlation coefficients. The peak - 
distribution of the gated frame mode (hatched bars) is slightly higher 
(r = 0.98) than the list mode (open bars) peak correlation (r = 0.95). 
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The radiation dose from first-pass krypton was small 


compared with first-pass technetium-99m pertechne- 
tate (Table I). Even for 10 replicate studies, radiation 
dose was low, with the maximal dose to the skin at the 
intravenous site, which is a radioresistant area. 

The only inconvenience of intravenous krypton was 
the short half-life of the parent, rubidium-81 (4.5 hours), 
limiting useful generator lifespan to 1 day. However, 
rubidium-81 is cyclotron-produced for ventilation 
generators in the U.S. 5 days a week, and could become 


. more available for intravenous use in the future. The 


imaging characteristics of krypton-81m were excellent 
(photopeak 190 keV), allowing use of a medium-energy 
(or high-rated, low energy) collimator increasing 
count-density information without significant loss of 
resolution. The high energy level of radiogold-195m is 
not well suited to gamma camera imaging, and requires 
. a high-energy collimator, which decreases resolution 
significantly. 


Acknowledgment: We are grateful to P.D. Wilson and V. 
Dave for their special assistance. 
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For successful monotherapy in angina 


Recent evidence’ has shown that optimal results 

with ISORDIL (isosorbide dinitrate) are achieved 
— when the entire dosage range is utilized: Start with 
10 or 20 mg q.i.d. before meals and at bedtime and 
increase to 30 mg q.i.d. or until an optimal result is 
obtained. 


ISORDIL TITRADOSE 


(ISOSORBIDE DINITRATE) 3708 ems 


Effects of upward dosage titration in a double-blind cross- 
over study of patients with angina pectoris in whom ISORDIL 
reduced the number of anginal attacks by 50% or more. 


Percent of Patients Optimally Controlled’ 
Percent of Responders Percent of All Patients 
(cumulative) (cumulative) 
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1.Hill JA, Feldman RL, Pepine CJ, Conti CR: Randomized double-blind comparison of nifedipine and 
isosorbide dinitrate in patients with coronary arterial spasm. Am J Cardiol 1982; 49:431-438. 
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Give enough to 
. do the job 


ISORDIL 


(ISOSORBIDE 
DINITRATE) 


Contraindications: Hypersensitivity or idiosyncrasy to this 
drug or other nitrates or nitrites. 
Warnings: Benefits of use during the early days of an acute 
myocardial infarction have A d established; if used in 
early infarction, hemodynamic monitoring and frequent 
clinical assessment should be made because of the poten- 
tial deleterious effects of hypotension. 
Precautions: General. Severe hypotensive response, par- 
ticularly with upright posture, may occur even with small 
doses; therefore use caution in subjects with blood volume 
depletion from diuretic therapy or with low systolic blood 
pressure (eg, below 90 mm Hg). Paradoxical bradycardia 
and increased angina pectoris may accompany nitrate- 
induced hypotension. Nitrates may aggravate angina 
caused by hypertrophic cardiomyopathy. Tolerance to this 
drug and cross-tolerance to other nitrates and nitrites may 
occur. Marked symptomatic, orthostatic hypotension has 
been reported sim calcium channel blockers and organic 
nitrates were used in combination; dose adjustment of 
either class of agents may be necessary. There ore reports 
of anginal attacks being more easily provoked and of 
rebound in hemodynamic effects soon after nitrate with- 
drawal; when therapy is being terminated, withdraw the 
drug gradually rather than stopping it abruptly. 
Information for Patients. Headache may occur during ini- 
tial therapy; it is usually relieved by standard headache 
remedies, or by lowering the dose, and tends to disappear 
after the first week or two of use. 
Drug Interactions. Alcohol may enhance any marked sen- 
Sitivity to the hypotensive effect of nitrates. Isosorbide 
dinitrate acts directly on vascular smooth muscle: there- 
fore, any other agent that depends on vascular smooth 
muscle as the final common path can be expected ‘o have 
decreased or increased effect, depending on the agent. 
Carcinogenesis, Mutagenesis, Impairment of Fertility. No 
ong-term studies in animals have been performed. 
Pregnancy Category C. Use during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 
Nursing Mothers. It is not known whether this drug is 
excreted in human milk; because many drugs ore 
excreted in human milk, caution should be exercised in 
nursing women. 
Pediatric Use. Safety and effectiveness in children have not 
been established. 
Adverse Reactions: Adverse reactions, particularly head- 
ache and hypotension, are dose related. At various doses, 
the following have been observed: 
Headache is the most common (average occurrence about 
25%) and may be severe and persistent. Cutaneous vaso- 
dilation with flushing may occur. Transient episodes of 
dizziness and weakness, as well as other signs of cerebral 
ischemia associated with postural hypotension, may occa- 
_ Sionally develop (the incidence of reported symptomatic 
hypotension ranges from 2% to 36%). An occasional indi- 
vidual will exhibit marked sensitivity to the hypotensive 
effects of nitrates, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration, and collapse) 
may occur even with the usual therapeutic dose. Drug rash 
and/or exfoliative dermatitis may occasionally occur. Nausea 
and vomiting appear to be uncommon. 
Overdosage: Treatment. Prompt removal of the ingested 
material by gastric lavage is reasonable but not docu- 
mented to be useful. Keep the patient recumbent in a shock 
position and comfortably warm. Passive movements of the 
extremities may aid venous return. Administer oxygen and 
artificial respiration if necessary. If methemoglobinemia 
is present, administer methylene blue (1% solution), 1 to 
2 mg/kg intravenously. WARNING: Epinephrine is ineffec- 
tive in reversing the severe hypotensive events associated 
with overdose. |t and related compounds are contraindi- 


cated in this situation. 
Consult direction circular before prescribing. 
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DEDICATED TO IMPROVING THE QUALITY OF LIFE 
THROUGH MEDICINE® 


youre reading, 
you'll love 
what you'll be watching 


The American Journal of Cardiology does more than just print the best in authoritative 
articles on cardiovascular treatment. Now it puts them on videotape. 

Hosted by Editor-in-Chief William C. Roberts, MD, AJC Video Report will feature 
lively, highly-visualized discussions with noted cardiovascular specialists and authors of 
the most important articles appearing each month in The American Journal of Cardiol- 
ogy. And it will extend the utility of the articles by exploring their application in clinical 
practice. 

Each of the 45 minute videocassettes will feature a special guest panelist as well as 

the guest authors discussing: 
e Coronary Heart Disease * Arrhythmias and Conduction Disturbances e 
Systemic Hypertension * Congestive Heart Failure ù Valvular Heart Dis- 
ease * Cardiomyopathy * Congenital Heart Disease * Cardiovascular 
Pharmacology and * Experimental Studies 


AJC Video Report will be produced on a regular monthly basis starting January, 1986. 












TO RECEIVE every copy of AJC Video Report—at the special intro- | 
ductory subscription price of $395* for 12 cassettes— complete this | 
coupon and send it to: Joyce Sturges, AJC Video Report, The Yorke 
Medical Group, 875 Third Avenue, New York, N.Y. 10022. Or call | 
(212) 605-9549. MET | 
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Our specialty is homecomings. 
We know all patients enter a over 500 open heart surgeries. All our work is for one reason. 
hospital with one wish. To go In our neonatal intensive care To allow our patients to go home. 
home. unit, we've brought together the And last year, we're proud to 
It's a wish we share with them. best features of the country's say, we made possible 23,766 
That's why at Sinai, we've leading infant care units, And last homecomings. 
4 developed one of the world’s most year saved the lives of 351 For further information or doc- 
technically advanced cardiac care critically ill newborns. tor referral, call Sinai Hospital, 
units, and staffed it with some Through vigorous research, 493-5500. 
of the foremost heart specialists. we've pioneered dozens of new 
Last year alone we performed diagnostic techniques. ©Sinai Hospital of Detroit 1985. 
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Color comes 
to cardiac. 
And imaging 
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looked better. 









Until recently, fast accurate measurement, in real time, 
of blood flow and gradient was not possible by noninva- 
sive means. Color Doppler analysis has changed this 
dramatically. 

loshiba's SSH-65A makes use of the Doppler Effect, 
whereby direction of flow produces changes in frequency, 
visible in gradations from red to blue. Flow abnormalities, 
for example regurgitations, are shown as color coded pro- 
files and their severity can be quantified using the FFT- 
doppler spectrum. 

A single unit offers total car- e1 
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dimensional real-time blood m 
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through Pulsed Wave Doppler; = "ro 
and measurement of high ù 1 | 
blood flow by Continuous Wave 
Doppler. 

Ihe high resolution of the 
images naturally meets Toshi- 
ba's exacting requirements. 

Never before has the invisible been rendered so visible! 
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What is CARDIOLOGY 1985? 


e The fifth in an annual series to be published each 
summer—/761 papers covered in this issue. 


€ A review of the year’s newest and most important 
developments in cardiology 


€ A multidisciplinary approach to clinical and applied 
research based on an exhaustive search of the year’s 
literature 


€ A unique, cohesive summary of the state-of-the-art, 
written, not just edited, by those making outstand- 
ing contributions in the field 


€ A practical approach to a complicated and fast-mov- 
ing subject designed to be read and used daily 


Cardiology 1985 provides in a concise and readable 
format and style fundamental and new information es- 
sential to understanding the current thinking on man- 
aging cardiovascular disease. It coordinates what's new 
with well established data, arming the reader with a 
perspective on the field which is simply unavailable 
elsewhere. Its liberal use of illustrations and tables con- 
denses valuable information into instantly accessible 
knowledge. 
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O YES, please enter my standing order for 
Cardiology. I understand that each edition 
(published once a year) will be 
automatically shipped to me on 30 day 
approval and I will receive a 15% discount 
on this edition and 10% on all future 

editions. (1985 edition discount price Name 
$46.75) (00043) 


Send orders to: Yorke Medical Books 
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Reviews of previous editions 


“. . . recommend... to any reader interested in the 
literature of cardiology.” 

Irwin R. Callen, MD 

FAMA 


". . . It is more than merely a reference book, since it 

explains what to the average physician may be obscure 
. . a treasure house of 1980 publications. It is highly 

recommended." 

Philip Reichert, MD 

New York State Journal of Medicine 


"[ highly recommend this book as a reference for car- 
diologists and general internists who wish to review 
specific topics in the recent cardiology literature. The 
summaries are generally concise and well written and 
the choice of articles reviewed is superb and nicely in- 
dexed." 

James L. Vacek, Major USAF, MC, FACC, FCCP 
Military Medicine 


“Dr. Roberts and his colleagues have done it 

again. . . . All in all, this is a remarkable tour de force 
of inestimable value to all physicians struggling to un- 
derstand the heart and its problems." 

David H. Spodick, MD 
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Photon Emission Computed Tomography 


GARY R. CAPUTO, MD, MICHAEL M. GRAHAM, PhD, MD, KIRK D. BRUST, BS, 
J. WARD KENNEDY, MD, and WIL B. NELP, MD 





A count-based method for measuring left ventricular 
(LV) volume using technetium-99m-labeled red cells 
and ungated single-photon emission computed to- 
mography is described. The tomographic slices 
were used to determine the counts per milliliter in 
the center of the left ventricle and total LV counts, 
which were used to derive mean LV volume. End- 
diastolic and end-systolic volumes were calculated 
from the mean volume using the LV time-activity 
curve from planar gated blood pool images. Phantom 
evaluation with simulated LV volumes (50 to 400 ml) 
in air, in a phantom filled with water, with 1096 
background, and with a simulated right ventricle, 
showed excellent accuracy. For clinical validation, 


30 patients underwent electrocardiographically 
gated planar and nongated tomographic acquisition 
of the cardiac blood pool followed by single-plane 
cineangiography. For end-diastolic and end-systolic 
volumes combined, the correlation with cineangi- 
ography showed a standard error of the estimate 
(SEE) of 24 ml and 14 ml, respectively. Mean intra- 
and interobserver deviation was 12 ml and 14 ml 
(SEE 13 ml and 16 ml), respectively. It is concluded 
that this noninvasive count-based technique, re- 
quiring no assumptions regarding LV geometry, is 
an accurate and reproducible way to measure LV 
volume. | 

(Am J Cardiol 1985;56:781-786) 





Left ventricular (LV) volume is an important mea- 
surement in the evaluation of cardiac function. Radio- 
graphic LV cineangiography is the standard method for 
measuring LV volume.'? This method assumes the left 
ventricle to be a prolate ellipsoid, which may not be true 
in patients with regional LV dysfunction.? Furthermore, 
it is invasive, requiring intraventricular contrast in- 
jection, and is not suitable for serial volume determi- 
nation. These limitations have resulted in a search for 
an accurate and reproducible noninvasive method for 
measuring LV volume. Such a method would be useful 
for monitoring serial changes in cardiac function and 
evaluating the effects of cardiac surgery and drug 
therapies. 

M-mode echocardiography may be used to measure 
end-diastolic and end-systolic internal dimensions of 
the left ventricle. These dimensions have been used to 
estimate LV volume**; however these volumes may be 
inaccurate owing to the many assumptions required to 
obtain a 3-dimensional volume using a single internal 
dimension.? 

Several investigators have attempted to use 2-di- 
mensional echocardiography to calculate LV vol- 
ume.9-1? Among these approaches is the area-length 
technique, often used for angiographic volumes. How 
useful these approaches are in various pathophysiologic 
states remains to be determined. 


From the Departments of Radiology and Medicine, Divisions of Nuclear 
Medicine and Cardiology, University of Washington School of Medicine, 
Seattle, Washington. Manuscript received November 1, 1984; revised 
manuscript received April 12, 1985, accepted April 22, 1985. 

Address for reprints: Michael M. Graham, PhD, MD, University Hos- 
pital, RC-70, Seattle, Washington 98195. 
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Radionuclide first-pass and gated blood-pool LV 
volume determinations have been made using the same 
basic area-length method.!?-!6 Although some of the 
limitations inherent in contrast ventriculography are 
avoided, precise definition of the left ventricle is diffi- 
cult, and the same geometric problems remain. Any 
technique that attempts to calculate LV volume from 
data that are not 3-dimensional has limitations. 

An alternate radionuclide approach is count-based 
analysis of planar gated blood-pool images, thus 
avoiding the geometric problems.!6-?? However, this 
method requires correction for photon attenuation, and 
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superimposed vascular structures may contribute ex- — 


traneous counts to the left ventricle.?4 

Although transmission computed tomography pro- 
vides 3-dimensional cardiac data that have been used 
to measure LV casts,?? conventional scanners require 
contrast enhancement and exposure times that may be 
too long for the determination of end-diastolic and 
end-systolic volumes in vivo.?® 

Single-photon emission computed tomography 
(SPECT) obviates the problem of overlying structures 
and should be applicable to either the geometric or 
count-based method for determining LV volumes.?? 

This report examines a count-based emission tomo- 
graphic approach to the measurement of LV volume 
and extends previous work?? with phantoms to a vali- 
dation study in a series of 30 patients. 


Methods 


Spatial calibration: A Lucite® phantom with orthogonal 
point sources was used for spatial calibration. The phantom 


was imaged tomographically and the distance between the — 
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the location of the center of the points. These distances were 
used to precisely measure the voxel size in centimeters (0.68 
X 0.68 X 0.66), yielding 0.305 ml per voxel. 

Simulated left ventricular chamber and torso phan- 
tom: A calibrated syringe connected to a water reservoir 
containing 2.5 uCi/ml of technetium-99m (Tc-99m) was used 
to fill an ellipsoidal latex balloon used to simulate the LV 
chamber, in 50-ml increments from 50 ml to 400 ml. 'T'he torso 


- phantom was a cylindrical water bath 15 cm in diameter. A 


similar biventricular torso phantom included an elongated 
100-ml simulated right ventricular chamber separated from 


— the LV chamber by a 1-cm-thick simulated ventricular 
. septum. 


Tomographic images: Tomographic images of the simu- 
lated LV chamber were recorded in air, in the torso phantom 
filled with water, water with 10% background activity by 
volume, and water with 10% background activity and the ad- 


. dition of a simulated right ventricle. The long axis of the torso 


phantom was parallel to the axis of rotation of the gamma 
camera. 
For each volume measurement, images were acquired over 


360° in 64 five-second increments using a GE 400A camera 


- mounted on a 400T stand interfaced to an ADAC System 1 


computer, using a 64 X 64 matrix and word mode. Preliminary 
ADAC software (obtained from CGR) was used for non-at- 


— tenuation-corrected image reconstruction. This software 


provided filtered, back-projected images, but did not allow 
specification of the filter or attenuation correction. 
Simulated left ventricular chamber volume determi- 


. nation: For each tomographic slice a region of interest en- 
. compassing the edge of the activity within the simulated LV 


chamber was defined using a light pen. The counts contained 


. within each region of interest were measured in each slice and 


then summed to yield the total counts in the LV chamber. 
After spatially smoothing a midventricular chamber slice 


= twice with a 9-point binomial filter, the maximal count per 


voxel within the region of interest was determined. This was 


. assumed to be the count per voxel of Tc-99m at the depth of 


- the simulated LV chamber. Using the previously determined 
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spatial calibration factor and this count, the count per milli- 
liter of Tc-99m solution was calculated. The simulated LV 
chamber volume was obtained by dividing the total counts 


. contained in the simulated LV chambers by the count per 
 milliliter. 


. Data acquisition and analysis: Data were obtained with 
the simulated LV chamber in air, in the torso phantom filled 


- with water, water with 10% background activity by volume, 


and water with 10% background activity and the addition of 
a simulated right ventricle. In each case, calculated volumes 
were compared to the directly measured simulated LV 
chamber volumes and subjected to statistical analysis by linear 
regression. 

Patients: Thirty-five patients, 30 with coronary artery 
disease, 2 with cardiomyopathy and 3 with valvular heart 
disease, underwent planar gated blood pool studies, followed 
by nongated tomographic acquisition of the cardiac blood 


pool. Twenty-two patients were men, mean age 54.6 years 
(range 23 to 73), with a mean height of 176.7 cm (range 160 to 


188) and mean weight of 81 kg (range 55 to 104). Thirteen 
patients were women, mean age 60.5 years (range 38 to 72), 
with a mean height of 160.2 cm (range 151 to 169) and mean 


weight of 69 kg (range 52 to 86). The overall mean age was 56.8 


years (range 23 to 73), mean height 170.6 cm (range 151 to 188) 
and mean weight 76.6 kg (range 52 to 104). 

Five patients with coronary artery disease had technically 
inadequate LV cineangiograms after successful tomographic 
determination of their end-diastolic and end-systolic volumes 
and were not included in the data analysis. Seventeen patients 
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had 1 or more areas of asynergy at rest, 9 of whom had at least - 


1 akinetic segment. | 

'The average elapsed time from completion of tomographic 
acquisition to LV cineangiography was 2.8 hours (range 0.5 
to 17). One patient underwent LV cineangiography 4 hours 
before tomographic acquisition. 

Planar gated blood pool acquisition and analysis: Each 
patient received 25 mCi of in vitro labeled autologous red 
blood cells. A standard multigated acquisition of 90% of the 
RR interval was then performed in an optimized left anterior 
oblique projection using a GE 400A camera and an ADAC 
3300 computer. A standard edge detection algorithm was used 
to create LV regions of interest for each of the 16 frames per 
cardiac cycle. These regions of interest were used to generate 
a time-activity curve for the left ventricle. This time-activity 
curve was corrected to 100% of the RR interval by interpola- 
tion of points during diastasis. From the time-activity curve, 
the ratios of the end-diastolic and end-systolic counts to the 
mean LV counts were determined. 

Tomographic acquisition, reconstruction and analysis: 
After the gated planar study, 128 ten-second, nongated to- 
mographic images were acquired over 360? with a total ac- 
quisition time of 22 minutes. The data were collected in word 
mode using an ADAC 3300 computer system in a 64 X 64 
matrix. The images were spatially smoothed and high-speed 
tomographic reconstruction of the images was performed 
using ADAC software and a Butterworth filter with a cutoff 
frequency of 0.5 cycles per pixel, a filter order of 5, and a re- 
construction matrix of 64 X 64. Tomographic reconstruction 
required 7!5 minutes. The tomographic slices were orthog- 
onal to the long axis of the patient's body and were not 
reoriented. 

'To avoid bias, the studies were coded so that the observers 
had no knowledge of the patient's identity at the time of 
analysis. Using a light pen, 2 observers independently created 
regions of interest encompassing the activity contained within 
the left ventricle for each LV slice. The mitral valve plane was 
approximated by defining a point at the junction between the 
muscular portion and the membranous portion of the ven- 
tricular septum. From this point, a line perpendicular to the 
interventricular septum intersecting the free wall of the left 
ventricle was drawn. This LV boundary was extended along 
both the ventricular septum and free wall, circling the apex 
to complete the region of interest (Fig. 1). A midventricular 
slice was spatially smoothed twice, using the standard 9-point 
binomial filter and the maximal count per pixel was taken as 
the count per voxel. The count per milliliter of blood was then 
calculated using the spatial conversion factor obtained pre- 
viously. The counts from each LV region of interest were 
summed to yield the total counts obtained within the left 
ventricle. The total counts within the left ventricle were di- 
vided by the count per milliliter of blood to determine the 
mean LV volume. 

Left ventricular end-diastolic and end-systolic de- 
termination: End-diastolic and end-systolic volumes were 
derived using the planar LV time-activity curve data. The 
end-diastolic volume is the mean tomographic LV volume 
times the ratio of the end-diastolic counts to the mean counts 
of the time-activity curve. In similar fashion, the end-systolic 
volume is the mean tomographic LV volume times the ratio 
of the end-systolic counts to the mean counts. The tomogra- 
phic determination of both the end-diastolic and end-systolic 
volumes, including the smoothing and tomographic recon- 
struction, required the observer to be seated at the computer 
console for 11 minutes. Processing of the entire study was 
completed within 30 minutes. 

Left ventricular cineangiography: Single-plane LV 
cineangiography was performed in the 30? right anterior 
oblique view using a pigtail catheter positioned in the body 
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FIGURE 1. Left ventricular regions of 
interest for each slice. Precise local- 
ization of the endocardial surface is 
unnecessary. 


of the left ventricle and filmed at 60 frames/s. Left ventricu- 
lograms were analyzed by a third observer by manually digi- 
tizing the end-diastolic and end-systolic frames using a VAX 
750 computer according to the method of Dodge et al! and 
regression equation of Kennedy et al.?9 

For each patient in whom a technically adequate cinean- 
giogram was recored, each observer’s emission tomographi- 
cally determined end-diastolic and end-systolic volumes were 
compared with those determined by LV cineangiography and 
with each other and subjected to statistical analysis by linear 
regression. 


Results 


Figure 2 is a plot of the calculated volumes of the 
simulated LV chamber in air vs directly measured vol- 
umes. Figure 3 is a plot of the calculated volumes of the 
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FIGURE 2. Volumes of the simulated left ventricular chamber in air 
determined using the count-based method compared with directly 
measured volumes. SPECT = 


s. tomography. 


single-photon emission computed 
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simulated LV chamber in the torso phantom filled with 


water vs directly measured volumes. The addition of 


scattering material did not affect the accuracy of volume 
measurement significantly. 
Figure 4 is a plot of the calculated volumes of die 


$ 
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simulated LV chamber in the torso phantom filled with- ; 


water with 10% background activity by volume vs di- 
rectly measured volumes. The contribution by back- 
ground counts did not affect the accuracy of volume 
measurement significantly. Figure 5 is a plot of calcu- 
lated volumes of the simulated LV chamber in the torso 
phantom filled with water with 10% background activity 
and the addition of a simulated right ventricle vs di- 
rectly measured volume. Neither scatter nor the con- 
tribution by right ventricular or background counts 
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FIGURE 3. Volumes of the simulated left ventricular chamber in the — 
torso phantom filled with water determined using the count-based 
method compared with directly measured volumes. SPECT = = singles 


photon emission computed tomography. 
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decreased the accuracy of the measurement of simu- 


lated LV chamber volumes. 


Figure 6 is a plot of LV end-diastolic and end-systolic 
volumes for the 30 patients with technically adequate 
LV cineangiograms, calculated by the first observer 
using the count-based emission tomographic approach 
vs those determined by an independent observer using 
cineangiography. Figure 7 is a plot of the LV end-dia- 


— stolic and end-systolic volumes calculated by the first 


INC 


- observer using the count-based emission tomographic 


approach against a second independent determination 
by the same observer. The mean deviation was 12 ml 
yielding good intraobserver reproducibility. 

Figure 8 is a plot of LV end-diastolic and end-systolic 
volumes calculated by a second independent observer 
using the count-based emission tomographic approach 
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FIGURE 4. Volumes of the simulated left ventricular chamber in the 

torso phantom filled with water plus 10% background by volume 


determined using the count-based method compared with directly 
measured volumes. SPECT = single-photon emission computed 
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FIGURE 5. Volumes of the simulated left ventricular chamber in the 
torso phantom filled with water with 10% background activity by volume 
and a simulated right ventricle, determined using the count-based 
method compared with directly measured volumes. SPECT = single- 
photon emission computed tomography. 
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against those determined by the first observer. The 
mean deviation was 14 ml, yielding good interobserver 
reproducibility. 


Discussion 


LV volume is an important variable in the assessment 
of cardiovascular physiology and pathophysiology.3°-33 
The historic standard for the measurement of LV 
volume has been the biplane area-length method of 
Dodge et al.! 

Most adult catheterization laboratories perform 
single-plane left ventriculography in the 30? right an- 
terior oblique projection, after which LV volumes are 
calculated by the area-length method. 'T'he studies of 
Kennedy et al^? and Wynne et al?* showed that the 
calculated volumes are consistently larger than the bi- 
plane volumes by as much as 20%, necessitating the use 
of regression equations to improve their accuracy. 
Kennedy, using the regression equation y = 0.81x + 1.9 
ml, compared the resulting single-plane 30? right an- 
terior oblique volumes with those obtained from si- 
multaneous biplane studies. He found a correlation 
coefficient of 0.97 and a standard error of the estimate 
of 22 ml for end-diastolic volume, a correlation coeffi- 
cient of 0.96 and a standard error of the estimate of 17 
ml for end-systolic volume, and a correlation coefficient 
of 0.97 with a standard error of the estimate at 24 ml for 
end-diastolic and end-systolic volumes combined. 

Hillis et al? found in a large series of patients that LV 
volumes can be measured accurately with single-plane 
angiography in a 30? right anterior oblique projection 
using the area-length method of Dodge et al! and the 
regression equation of Kennedy et al?? in patients with 
normal as well as depressed global LV function. How- 
ever, single-plane LV volumes cannot be measured re- 
liably in patients with marked segmental wall motion 
abnormalities, because the geometric assumptions on 
which the area-length method is based are probably no 
longer valid.*° 

Dodge et al?6 investigated the intraobserver and in- 
terobserver variability of the area-length method using 
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FIGURE 6. Left ventricular end-diastolic and end-systolic volumes 
compared with those measured by cineangiography. SPECT = sin- 
gle-photon emission computed tomography. 
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single-plane 30° right anterior oblique cineangiograms 
and the Kennedy regression equation. They found an 
intraobserver variability of 3.3 + 3.4 ml (2.2% + 2.0%) 
for end-diastolic volume and 3.2 + 2.7 ml (5.8% + 4.1%) 
for end-systolic volume, with interobserver variability 
of 6.6 + 4.9 ml (4.396 + 3.7%) for end-diastolic volume 
and 5.9 + 5.3 ml (10.3% + 10.8%) for end-systolic 
volume. 

In considering the accuracy of SPECT end-diastolic 
and end-systolic volumes, it must be recognized that the 
comparison is being made to a single determination of 
the volume measured by cineangiography using a single 
heartbeat. Because emission tomographic volumes are 
derived from a mean volume acquired from approxi- 
mately 1,500 cardiac cycles and the time-activity curve 
is derived from approximately 500 cardiac cycles, the 
volumes represent the mean end-diastolic and end- 
systolic volume during the acquisition period. 

The tomographic end-diastolic and end-systolic 
volumes may be different from the volumes measured 
during the single angiographic beat, because the pa- 
pillary muscles may influence volume estimates derived 
from analysis of the silhouette of the left ventricle, 
which would be more pronounced at end-systole. Pa- 
- tients may not be in a baseline state during the angio- 
graphic procedure. Sedatives, which may alter the pa- 
tients' physiologic state, are routinely used during 
cardiac catheterization. Since coronary arteriography 
was performed before left ventriculography, the hyp- 
erosmolar contrast agent may have caused a mild in- 
crease in the blood volume, raising preload before left 
ventriculography. Intraventricular injection of the 
contrast agent begins to produce hemodynamic changes 
after approximately the sixth beat after injection, 
causing an increase in LV volume.?? LV segmental wall 
motion abnormalities may have led to inaccurate 
cineangiographic values for end-diastolic and end-sys- 
tolic volume.?? 

When comparison is made with LV cineangiography, 
the standard errors suggest that this emission tomo- 
graphic count-based approach for the measurement of 
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FIGURE 7. Comparison of separate determinations of left ventricular 
end-diastolic and end-systolic volumes by the same observer. SPECT 
— single-photon emission computed tomography. 
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LV volume is relatively accurate and highly reproduc- 
ible. The method is simple to perform and affords 
markedly improved counting statistics and shorter ac- 
quisition times than techniques using gated acquisition. 
The serious problems associated with assumptions re- 
garding LV geometry, which may lead to inaccurate 
cineangiographic values for end-diastolic and end-sys- 
tolic volume, are obviated. 

This approach is conceptually similar to the planar 
count based methods, first reported by Slutsky et al.18 
The essence of the planar count-based method is that 
the LV count, determined from a left anterior oblique 
gated blood pool study, divided by the count per mil- 
lilter of peripheral blood, should yield the volume of the 
left ventricle. The difficulties associated with this ap- 
proach are that background subtraction and attenua- 
tion correction are necessary. In addition, counting ef- 
ficiency correction must be done because often the blood 
sample is counted with different efficiency than the left 
ventricle. 
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Attenuation correction appears to be the major _ 


problem. Several approaches have been attempted using 
internal standards, such as an esophageal source,?? the 
transverse aorta,?! and a bolus in the right atrium,?? or 
by measuring the distance from the center of the left 
ventricle to the chest wall.???2* Each group of investi- 
gators can show that their technique is reasonably ac- 
curate, but their approaches are not widely used. 

The count-based SPECT approach is simple enough 
that any nuclear medicine laboratory using SPECT 
should be able to implement the technique. Its major 
advantages over the planar methods are that attenua- 
tion correction and background subtraction are un- 
necessary. The count per milliliter of blood is deter- 
mined from blood in the center of the LV, so it has the 
same attenuation, on the average, and is counted with 
the same efficiency as the rest of the left ventricle. 
Background correction is unnecessary because there are 
no overlapping structures. 

The only significant problem that remains is identi- 
fication of the edge of the left ventricle, particularly the 
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FIGURE 8. Comparison of determinations of left ventricular end-diastolic — 


and end-systolic volumes by 2 observers. SPECT = single-photon 
emission computed tomography. 
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location of the mitral valve plane. Although it would 
probably be easier to identify the mitral valve plane 
using gated tomographic acquisition, we decided that 
the greater number of counts available in an ungated 
study would provide superior images, which should 
offset the advantages of the gated study. Our results are 
similar to those of Bunker et al,38 who recently reported 


a similar technique using gated SPECT. 
This emission tomographic method for LV volume 


measurement should apply equally well to the mea- 
surement of right ventricular volume and deserves 
further study. It may be possible to determine biven- 
tricular emission tomographic stroke volumes, which 


. would allow quantitation of left-to-right shunt flow and 


valvular regurgitant flow. 


We conclude that use of SPECT for measurement of 


LV volume is simple, accurate and reproducible and 
may be useful for diagnosis and management of car- 
diovascular disease. 
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Echocardiographic Detection 
of Complete and Partial Papillary 
Muscle Rupture During Acute 
Myocardial Infarction 


PATRICIA C. COME, MD 
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Papillary muscle rupture produces severe mitral 
regurgitation, which is generally rapidly fatal. Because 
echocardiography can visualize the papillary muscles 
and mitral leaflets, it may detect papillary muscle 
rupture, prompting aggressive medical and surgical 
_ therapy. In 4 patients presenting to our hospital in 1983 
and 1984, emergency echocardiography was instru- 
mental in diagnosing either complete or partial papillary 
muscle rupture. Characteristics of the patient popula- 
tion are listed in Table I and pertinent echocardio- 
graphic features are illustrated in Figures 1 to 6. 

In our 4 patients, echocardiography played a pivotal 
role in diagnosis and therapy. In the first patient, with 
complete papillary muscle rupture, there was no audible 
precordial murmur, and the initial pulmonary artery 
wedge pressure tracing inexplicably failed to reveal large 
“yv”? waves. In the second patient, mitral regurgitation 
was audible, but the patient improved markedly with 
vasodilator therapy. Emergency surgery was performed 
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FIGURE 1. Long-axis diastolic (left) and apical systolic (right) images 
in the first patient, who had rupture of the posterior papillary muscle 
confirmed at surgery. In diastole, transection of 1 of the papillary 
muscles (PM) is seen. During systole, the PM is seen to flail into the left 
atrium (LA) (right). ANT MV = anterior mitral valve leaflet; AoV = aortic 
valve; LV = left ventricle; SG = Swan Ganz catheter in the right side 
of the heart. 





because of the echocardiographic diagnosis of partial 
papillary muscle rupture. Severe mitral regurgitation 
had not been suspected before echocardiography in the 
third patient with partial rupture. In the fourth patient, 
the presence of a mechanical defect in the setting of 
preserved septal and anterior wall motion prompted 
surgery. 

Our 4 patients illustrate the spectrum of echocar- 
diographic abnormalities that may be found in patients 
with complete or partial papillary muscle rupture. 
Complete papillary muscle rupture may be character- 
ized by 1 or more 2-dimensional findings: abnormal 
cut-off of 1 papillary muscle; a mobile mass attached to 
chordae and to the mitral valve, which could simulate 
a valvular tumor, thrombus or vegetation; and a pattern 
of mitral prolapse or of a flail mitral leaflet.!-^ Partial 
papillary muscle rupture has been reported only once 
previously. Nishimura et al? described an echocardio- 





FIGURE 2. Apical views of the left ventricle (LV) obtained with slight 
changes in transducer angulation, from the second patient, in whom 
partial rupture of the posterior papillary muscle (PM) was confirmed 
at surgery. There is marked thinning of a localized portion of the in- 
feroposterior wall (area between the 2 unlabeled black arrows). This 
region of myocardium was akinetic on the 2-dimensional scan. Top, 
no definite connection can be seen between the inferoposterior wall 
and the papillary muscle. With a slight change in transducer angulation, 
(bottom), however, a thread-like connection (white arrow) is evident, 
attaching the papillary muscle to the distal portion of the thinned 
myocardial region. There was increased echo-reflectivity from the 
papillary muscles, suggesting fibrosis. 
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FIGURE 3. Apical 2-dimensional echocardiogram (left) 
and Doppler echocardiographic recording (right) from the 
second patient reveals holosystolic turbulence (between 
2 black arrows) with sample volume placement (unla- 
beled white arrow) at the back wall of the left atrium (LA). 
EKG = electrocardiogram; LV = left ventricle; MV = 
mitral valve. 


FIGURE 4. Apical views of the left ventricle (LV) in the 
third patient, with partial rupture of the posteromedial 
papillary muscle. Left, a tenuous attachment of the pa- 
pillary muscle (PM) to the posterior wall is evident (ar- 
rowhead). Middle and right, dropout of myocardial 
echoes in the regions where PM attachment would be 
expected (longer arrows) and eliminate systolic protru- 
sion of part of the PM into and through (short arrow) the 
mitral valve. LA = left artium. 


FIGURE 5. Apical views of the left ventricle (LV) in the 
fourth patient, with complete papillary muscle (PM) rup- 
ture. In diastole (left), the PM was seen to fling freely 
within the LV. In systole (right), the PM was thrust into the 
left atrium (LA). The flail motion of the anterior mitral valve 
(MV) leaflet is not evident in this view. RA = right 
atrium. 





Ee en eeu 
^ "V1 LAN, r , y j : x Aut , 3 v 337 u » t$ A j , jT, "f a 
i v ^ e ^ A ’ * 


Es 


artery wedge pressure; PM = papillary muscle; SAP (s/d) 


: ^w. t 
1 À 


Characteristics of the Patients 
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Interval (days) 


Age from Onset of AMI SAP 

(yr) Location to Clinical (s/d) 
Pt & Sex AMI Deterioration APE (mmHg) 
1: 45F ae <1 + 50/- 
2 (2 O2F Inferior 21 0 120/80 
3 67F Inferior 5 + 60/- 


7 F 40/- 
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FIGURE 6. Operative specimen from the fourth patient illustrates the 
necrotic, jagged edge of the completely ruptured papillary muscle. 


graphic pattern suggestive of disruption of part of the 
posteromedial papillary muscle in a patient whose 
condition subsequently deteriorated further; the patient 





Sequential Balloon Technique 
in Angioplasty of Severe Coronary 
Arterial Obstructions 
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Experienced angiographers have noted that attempts 
at percutaneous transluminal coronary angioplasty 
(PTCA) for stenoses of greater than 90% luminal di- 





From the Departments of Radiology and Medicine, Brigham and 
Women's Hospital-Harvard Medical School, 75 Francis Street, Boston, 
Massachusetts 02115. This study was supported in part by Grant 
GM-18674 from the U.S. Public Health Service, Bethesda, Maryland. 


Dr. Ganz is recipient of Clinical Investigator Award HL-01045 from the 


] B. 
' ^ 





National Heart, Lung, and Blood Institute, Bethesda, Maryland. Manu- 


ve Y ript received March 29, 1985; revised manuscript received April 16, 
|. $885, accepted April 25, 1985. 
WS ae eR PE UNES 


apum 


BH 


Precordial 
Murmur 


+(2/6) 
4 84M Inferior +(3/6) 


* Measurements performed after institution of intraaortic balloon counterpulsation. ;A 
AMI = acute myocardial infarction; APE = acute pulmonary edema; CO = cardiac output; MVR = mitral valve replacement; PAWP = pulmonary 4 
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— systemic arterial pressure (systolic/diastolic). 4. 


: 
at unsuccessful mitral valve replacement.’ Their report . 
suggested that partial muscle rupture might be recog- - 1 
^ 
3 
4 


was found to have complete papillary muscle rupture . 


nizable before complete rupture. By facilitating recog- 
nition of complete or partial papillary muscle rupture, 
echocardiography may prompt earlier surgical 
intervention. 
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ameter are associated with higher rates of both technical E 
failure and complications. Technical failure usually — 


results from inability to pass the balloon catheter © 
through a tiny and irregular residual channel, even s 
though the guide wire had crossed previously. The best 
chance of passing through such lesions is to use a balloon i 
that, in the deflated state, presents the smallest possible - 
impaction surface (a “low profile") to the stenosis as it 
is advanced over the guide wire. On the other hand, the — 
best chance of achieving both primary and long-term - 
patency in PTCA is through use of a relatively large — 
(higher profile) balloon which, when fully inflated, - 
slightly exceeds the diameter of nearby normal seg- 
ments of the artery.2? We describe the clinical results D 
of a sequential balloon technique that accomplishes . 
both of these conflicting goals in the same procedure. 


PTCA was applied in 74 severely narrowed or totally oc- — 
cluded vessels (45 left anterior descending (LAD) arteries, ; 
14 circumflex arteries, 10 right coronary arteries, 4 coronary . 
bypass grafts and 1 left main coronary artery) after initial . 
successful passage of the guide wire through the obstruction. 1 
In most cases, these guide wires were either very flexible, | 
straight-tipped, 300-cm exchange wires (Advanced. Car: y. 
diovascular Systems—ACS) or steerable wires with slightly | 
curved tips (USCI). A 2.0-mm ACS balloon catheter was then | 
passed over the wire through the lesion. Once the balloon was 
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- to 130 psi, each lasting approximately 45 seconds. If the 
_ steerable guide wire had been used initially, it was then re- 
_ moved and the 300-cm exchange wire was inserted through 
- the balloon catheter (the tip of which was already beyond the 
stenosis) out into the distal segment of the vessel. The bal- 
loon was then retracted back into the guiding catheter, 
_ leaving the guide wire still positioned across the stenosis. A 
single contrast injection was obtained to check vessel pat- 
ency. With the wire position carefully maintained under 
fluoroscopic control, the 2.0-mm balloon catheter was re- 
. moved from the guiding catheter and a 3.0 or 3.5 mm ACS 
balloon catheter (depending on the size of the vessel) was 
inserted over the wire in its place. When this balloon was 
- properly positioned, it also was inflated 2 to 4 times at 120 
to 130 psi for 45 seconds each. The procedure was considered 
Successful if the percent diameter stenosis was reduced by 
- at least 20% and the residual stenosis at the end of the pro- 
cedure did not exceed 60%. 
~. Among the 74 vessels in which the sequential balloon 
technique was used, primary success was achieved in 65 
(88% ). These 65 successful PTCAs resulted in reduction of 
mean diameter stenosis from 92% to 28%. Of the 65 ob- 
structions, 55 were initially at least 90% narrowed. Figure 
1 is an example of application of the sequential balloon 
technique in PTCA of a severe LAD stenosis. Figure 2 shows 
its use in total occlusion of the distal right coronary artery. 
Among the 9 technical failures, 5 were a result of inability 
to cross the lesion with a 2.0-mm balloon after it had been 
satisfactorily crossed with a guide wire. In 1 additional 
failure, the lesion was initially dilated with a 2.0 mm balloon, 
but subsequently we could not cross it using a 3.5 mm balloon. 
In the last 3 cases, the lesions were crossed and dilated 
with both small and large balloons, but thrombi developed 
in the coronary arteries at the site of PTCA during the 
procedure. 

Significant complications occurred in 4 cases (5% ). The 
first 3 were the aforementioned thrombotic episodes during 
the procedure. Two of these 3 patients underwent successful 
emergency coronary bypass surgery (among the entire group, 
therefore, emergency bypass surgery was needed in 3% ); the 
third had a small and uncomplicated anterior wall acute 
myocardial infarction. The fourth complication resulted from 
acute thrombosis of the LAD 5 days after initially successful 





FIGURE 1. Right anterior oblique pro- 
jections of left coronary arteriogram 
before, during and after percutaneous 
transluminal coronary angioplasty 
(PTCA) of the left anterior descending 
coronary artery. A, before PTCA there 
is severe stenosis of the proximal left 
anterior descending coronary artery 
(arrow). B, inflation of a 2.0-mm bal- 
loon. C, subsequent inflation of a 
3.5-mm balloon after exchange over 
the guide wire. D, after PTCA, there is 
complete relief of the obstruction. 


PTCA. This patient was returned to the catheterization 
laboratory and underwent successful thrombolysis with in- 
tracoronary streptokinase. | 


The usefulness of the sequential balloon technique 
was suggested early in our PTCA experience. In several 
cases in which we wished to use 3.0- or 3.5-mm balloons 
to achieve complete dilatation, we could not initially 
pass these larger balloons over the guide wire through 
severe stenoses. In each instance, switching to a smaller, 
lower profile balloon resulted in successful passage. 
Creation of a track by first dilating with the small bal- 
loon then allowed subsequent introduction of the larger 
balloon without difficulty. The recent policy in our 
laboratory has been to routinely use the small balloons 
first in all patients with severe coronary obstruc- 
tions, without even trying to initially pass the larger 
balloons. 

Our experience shows that once a severe obstruction 
has been crossed with the guide wire, a 2.0-mm balloon 
can usually be passed (69 of 74 cases, 93%). When this 
small balloon is inflated initially to create a track, a 
larger balloon can almost always be passed across the 
lesion (68 of 69 cases, 99%). Thus, 2 goals are accom- 
plished: initial crossing of the obstruction in a manner 
that is least traumatic and most likely to be successful, 
and subsequent use of a large balloon to create a wide 
residual lumen. Recent studies have emphasized the 
importance of the latter goal. Duprat et al? showed that 
residual stenoses after PTCA were minimized when the 
ratio of inflated balloon diameter to coronary arterial 
diameter was 1.1 to 1.3. Schmitz et al? performed fol- 
low-up coronary angiography in 86 patients a mean of 
5.6 months after PTCA and found that in cases in which 
the balloon size had been smaller than the prestenotic 
vessel lumen, restenosis occurred in 36%, whereas it 
occurred in only 5% of cases in which the balloon size 
had exceeded the prestenotic vessel lumen. 

This technique has several disadvantages. Procedure 
time is lengthened and intracoronary manipulation is 
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FIGURE 2. Left anterior oblique projections of right cor- 
onary arteriogram before, during and after percutaneous 
transluminal coronary angioplasty (PTCA) for complete 
obstruction of the distal right coronary artery (RCA). A, 
complete obstruction of the distal RCA (arrow) proximal 
to the origins of the posterior descending and the pos- 
terior left ventricular branches. B, after crossing the 
obstruction with a guide wire, a 2.0-mm balloon catheter 
was inserted and the balloon inflated. C, subsequent in- 
flation of a 3.0-mm balloon, after catheter exchange over 
the guide wire. D, after PTCA, the obstruction has been 
almost completely relieved and normal anterograde flow 
restored to this strongly dominant RCA. 








á 1 
increased. Occasionally, displacement of the guide wire the best chance of traversing very severe obstructions 
out of the coronary artery may inadvertently occur and creating the widest possible residual lumen by 2 
during balloon catheter exchange. Finally, the cost of graded dilatations. J 
the procedure is greater, because 2 balloon catheters are 
needed, and each costs $350 or more. 

An early report by Cowley et al* in 1981 suggested References 4 
that results of PTCA in vessels with stenoses of at least 1. McAuley BJ, Sheehan DJ, Simpson JB. Use of a reduced profile dilatation 
90% are considerably worse than in less severely nar- ear for coronary angioplasty (abstr). Circulation 1984;70:suppl Il:lI- 

... rowed vessels. Our results, achieved with more modern 2. Duprat G; Gand PR, Lospsranob d; Val PG, Fines P; RARA P, Bouras 

. . . An optimal size o oon catheter is critical to angiographic success 

equipment and techniques, show that even when severe early after PTCA (abstr). Circulation 1984;70:suppl II:1l-295. 
narrowing or total occlusion is present, if a guide wire 3. Schmitz HJ, von Essen R, Meyer J, Effert S. Role of balloon size for acute 

; be ae and late angiographic results in coronary angioplasty (abstr). Circulation 
can be passed through the lesion, the likelihood of suc- 1984;70:suppl Il:Il-295. 

mei 1 1 4. Cowley MJ, Vetrovec GW, Wolfgang TC. Efficacy of percutaneous tran- _ 
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Surgical Treatment of Medically 
Refractory Variant Angina Pectoris: 
Segmental Coronary Resection with 

Aortocoronary Bypass and Plexectomy 
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Prinzmetal, in 1959, described the syndrome of variant 
angina pectoris (VAP). He hypothesized that episodes 
of ischemia were the result of a superimposed “normal 
increase in the tonus of the vessel wall." The treatment 
of VAP consists of calcium channel blocking agents and 
nitrates. Although nitroglycerin is highly effective in the 
acute setting, the response to long-term nitrate ad- 


_ ministration is less satisfactory. Antman et al? reported 


that among patients in whom conventional therapy with 
nitrates and -blocking agents fails, 87% had at least 
50% reduction in anginal frequency with nifedipine. 
However, some patients are refractory to medical 


therapy. A variety of surgical procedures have been 


reported; their relative benefits remain controversial, 


. and theoretical objections have been raised. In this re- 


port, we describe a patient with medically refractory 
coronary vasospasm who underwent a unique surgical 


. procedure. 


A 60-year old man was admitted in May 1980 for investi- 


_ gation of VAP. During hospitalization, the frequency of 


angina at rest increased to daily occurrences. Cardiac cath- 
eterization revealed a normal dominant right coronary ar- 
tery. The circumflex artery was large and narrowed by 20% 


- of its diameter distal to the take-off of a first lateral branch 
- (Fig. 1A). After 3 doses of ergonovine, 0.05 mg intravenously 


at 2-minute intervals, the coronary arteries were again 


. visualized. An 80% diameter narrowing in the proximal 
. circumflex artery was induced (Fig. 1B), accompanied by 
se VV aaa ihe The ea a a 
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severe chest pain and ST elevation in inferior leads. Al- 
though medical treatment was administered (Fig. 2) the pain 
persisted. In August, he was hospitalized with angina (up 
to 10 episodes/day). Holter monitoring revealed symptomatic 
episodes of 2:1 atrioventricular block with a ventricular rate 
as low as 30 beats/min requiring a VVI transvenous pace- 
maker. In April 1982, still disabled by resting angina, he was 
readmitted and underwent cardiac catheterization during 
which he had spontaneous angina and ST elevation. An in- 
Jection into the left coronary artery revealed complete oc- 
clusion of the circumflex artery (Fig. 3A). The right coronary 
artery was normal. After injection of 5 mg of phentolamine 
into the left coronary artery, the artery became patent 
(Fig. 3B). 

On April 17, 1982, a 2-cm resection of the spastic segment 
with ligation of the upper segment and saphenous vein by- 
pass to the distal posterior circumflex artery and plexectomy 
were performed. No further episodes of angina occurred until 
January 1985. Cardiac catheterization was performed again 
in August 1984. The point of excision of the circumflex artery 
was seen (Fig. 3C). The graft to the distal circumflex was 
patent (Fig. 3D). A total of 0.8 mg of ergonovine was injected 
and resulted in no abnormal response. 


Review of previous reports indicates that coronary 
artery bypass grafting (CABG) may be performed with 
an outcome comparable to that obtained with classic 
angina pectoris? in patients with VAP and significant 
fixed coronary stenosis. The addition of plexectomy 
may reduce the frequency of recurrent angina without 
increased operative risk.* Our patient, with VAP and 
close to normal coronary arteriographic findings, was 
intractable to medical treatment, including nitrates, 
nifedipine, verapamil, diltiazem and amiodarone. 
Angina persisted at a rate of about 10 episodes/day. 
Angiographically, the spontaneous coronary vasospasm 
was localized in a proximal nondominant circumflex 
artery at the site of early atherosclerotic changes. The 
segment of the circumflex artery displayed excessive 
vasoconstrictor activity, both spontaneously and in 
response to ergonovine (Fig. 1B and 2A). Regardless of 
whether the primary pathogenic mechanism is o- 
adrenergic or on the basis of local vasoconstriction 
supersensitivity (triggering zone), resection of the in- 
volved arterial segment plus plexectomy resulted in 
cessation of spontaneous angina and ergonovine in- 
ducible vasospasm. A similar approach was probably 
used by Heupler et al,? who reported three patients who 
underwent resection of the right coronary artery with 


FIGURE 1. A, the left coronary artery had trifurcated into 
the left anterior descending, intermediate and circumflex 
branches. The circumflex artery had a 2096 narrowing 
(white arrow). B, upon ergonovine challenge, an 8096 
focal spasm in the proximal circumflex artery was in- 
duced (arrows). 
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FIGURE 3. A, during repeat coronary angiography, 
spontaneous spasm with complete occlusion of the cir- 
cumflex artery occurred in the region where ergonovine 
previously had induced spasm. B, after intracoronary 
administration of phentolamine, spasm disappeared. The 
patient underwent segmental resection of the circumflex 
artery in the area of angiographic spasm with vein bypass 
to the distal segment and plexectomy. C, Postoperatively, 
injection into the native left coronary artery shows a 
proximal stump occlusion (arrow) at the site of segmental 
resection of the circumflex artery. D, injection into the 
graft showed a patent distal circumflex artery. 





CABG. Their detailed surgical and clinical courses were References 
not provided. 
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à Relation of Acute Myocardial Infarction 
A to Cocaine Abuse 
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- It is estimated that 10 million Americans have used 
cocaine and that 5 million use it regularly.! Although 
. cocaine was first introduced in 1884 as a local anesthetic, 

_ little information appeared on the cardiovascular effects 

-. of cocaine use until recently. Cocaine abuse has been 

. associated with tachycardia, systemic hypertension, 

: ventricular arrhythmias, acute myocardial infarction 

. (AMI) and sudden death.?-? Coleman et al? reported the 

_ first case of AMI associated with illicit use of cocaine; 

_ however, the patient was presumed to have underlying 

Btoronery artery disease, although he did not undergo 

. coronary angiography. Kossowsky and Lyon? described 

- 6 patients with AMI attributed to cocaine abuse. Four 

; of their patients had some degree of atherosclerotic 

_ narrowing of the coronary arteries by angiography or 

_ autopsy and 2 did not have cardiac catheterization. 

- Schachne et al^ described another patient whose coro- 

. nary arteries were normal. We describe another cocaine 

_ user who had AMI. 


| 


-...4388-year-old white man had been well until age 32 years 
- (April 1979), when he had a documented inferior wall AMI. 
_ After an uncomplicated course, he was transferred to the 
- Bronx Veterans Administration Medical Center 3 weeks 
_ later. Blood pressure on admission was 120/80 mm Hg and 
_ serum cholesterol was normal. Cardiac catheterization and 
_ selective coronary angiography with left ventriculography 
was performed. The coronary arteries and the left ventricle 
were normal. Provocative maneuvers did not produce spasm. 
After discharge, he was asymptomatic but continued to use 
aa a oil 
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cocaine and heroin sporadically. Before AMI , he had in- 
creased his cocaine use to 3 times per week. He was read- 
mitted to the coronary care unit 6 months later (November 
1979) with an extensive anterior lateral wall AMI. Chest pain 
occurred 45 minutes after intranasal administration of co- 
caine. Selective coronary angiography again showed normal 
coronary arteries. The left ventricular ejection fraction was 
68%. The infarctions were believed to have been induced by 
coronary artery spasm, but this could not be demonstrated 
by repeat ergonovine administration. He has been followed 
up by the cardiology service for the past 6 years. He has not 
used drugs for the past 5 years, although he continues to 
smoke cigarettes heavily and is a heavy alcohol binge drinker. 

He has not had chest pain or other cardiovascular symptoms 

since his last AMI. His blood pressure is 130/80 mm Hg. Left 

ventricular function by gated blood pool scintigraphy in 


. August 1984 showed an ejection fraction of 53%. 


Our patient is similar to the case reported by 
Schachne et al.* He also shares a common feature with 
several of the patients described by Kossowsky and 
Lyon? in that he was a mixed-substance abuser. Cocaine 
is a potent vasoconstrictor. It constricts blood vessels 
and prevents its own absorption.» AMI in any young 
patient who does not have risk factors should raise the 
suspicion of the possibility of coronary spasm related 
to recreational cocaine use. The prognosis for a patient 
who survives the initial infarction and has good left 
ventricular function appears to be excellent if cocaine 
usage is discontinued. 


Acknowledgment: We gratefully acknowledge the excel- 
lent secretarial services rendered by Bernice McKay. 
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The mechanism by which percutaneous transluminal 
coronary angioplasty (PTCA) achieves its results re- 
mains minimally documented. Plaque compression and 
redistribution was the initial postulate for the success 
of arterial dilatation in peripheral atherosclerotic dis- 
ease. Subsequent animal and human cadaver experi- 
ments! and human postmortem examinations?? suggest 
plaque splitting and disruption with stretching of the 
nonatherosclerotic arterial wall. We present the 
pathologic findings in a patient who died immediately 
after a technically successful P'TCA after an inadvertent 
intracoronary injection of lidocaine. 


A 65-year-old woman with a 6-year history of angina 
pectoris was admitted with prolonged ischemic chest pain. 
Anteroseptal ST-segment depression was present, but no Q 
waves developed despite a moderate increase in cardiac en- 
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FIGURE 1. Left anterior descending coro- 
nary artery stenosis (arrows) (right anterior 
projection). A, before angioplasty; B, after 
angioplasty. 


zyme levels. Cardiac catheterization after 10 days of con- 
tinuing unstable angina revealed that the right coronary 
artery had an 85% narrowing of luminal diameter and the 
left circumflex artery was completely occluded. The left 
anterior descending artery (LAD) was narrowed 65% as seen 
in the right anterior oblique projection (Fig. 1A). The inferior 
left ventricular wall was moderately hypokinetic. 

We decided to proceed to PTCA of the LAD and right 
coronary artery. PTCA of the LAD was accomplished using 
a 20-35 Meditech balloon and steerable guidewire system. 
Three dilatations to a maximal inflation pressure of 8 atm 
and total occlusion time of 135 seconds reduced the mean 
transstenotic gradient from 70 to 29 mm Hg. The postdila- 
tation angiogram showed a reduction in diameter narrowing 
to 40% (Fig. 1B). In attempting a left anterior oblique view, 
7 to 10 ml of a nonradiopaque fluid was injected into the left 
coronary artery. This had been mistaken for contrast medi- 
um and was later identified as 2% lidocaine. After 2 minutes 
of increased PR interval and QRS width, complete atrio- 
ventricular block developed, with no subsidiary escape 
rhythm. Resuscitative measures were unsuccessful. 

Postmortem angiography confirmed a satisfactory angi- 
ographic result of PTCA. At autopsy an inferior infarct was 
found that was about the same age as the admission infarct. 
At the PTCA site, a split extended through the atheromatous 
plaque to the media with dissection and lifting of the plaque 
from the media (Fig. 2). A hemorrhagic area within the 
plaque opposite the split had an appearance that suggested 
that its occurrence predated PTCA. 


In this patient, technically successful PTCA was 
achieved by splitting of the atheromatous plaque, and 
the patient died from an unrelated cause. Of the few 
previous reports of the pathologic findings in patients 
who died early after PTCA, plaque splitting was a fre- 
quent finding. However, most patients died from com- 
plications of acute myocardial infarction initiated by 
the PTCA.?-4 Pathologic changes observed late after 
PTCA have been variable. An intense fibrocellular 
proliferation almost occluding the LAD lumen was 
found in 1 patient who died during repeat PTCA.° 








FIGURE 2. Cross section through the proximal part of the left anterior 
descending artery and adjacent diagonal branch (D). An atherosclerotic 
plaque with hemorrhage is narrowing the lumen. The plaque opposite 
shows disruption and splitting (arrowhead) and is dissected and lifted 
from the media (arrows). Apart from an atherosclerotic narrowing of 
the lumen, the diagonal branch does not show other changes. 


Three other patients showed no pathologic changes 
attributable to PTCA, although these were technically 
successful, and only 1 patient had recurrence of mild angina. 
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| . Exercise-Related Bundle Branch 
$ Block in Children 
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. Exercise-related bundle branch block (BBB) in children 
. iş an uncommon occurrence. Most information about 
. exercise-related BBB in children is anecdotal. We ex- 
 amined its frequency and significance among young 
sè persons with and without cardiac disease. 


Maximal treadmill exercise testing was performed using 
_ the modified Bruce protocol! by 2,761 children and young 
. adults, including 264 normal children, over a 10-year period 
- (from July 1974 to August 1984). Electrocardiographic leads 
II, aVF and Vs were continuously monitored throughout 
exercise with recording of a 1-lead electrocardiogram during 
each stage of exercise. Criteria for development of BBB were 
an abrupt QRS prolongation (longer than 0.12 second) dur- 
ing exercise and a narrow QRS at rest. 
_ BBB developed during exercise testing in 2 girls and in 4 
- boys, aged 9 to 18 years (mean 11). None had a normal heart: 
_ 6 had congenital heart disease (valvular aortic stenosis (AS) 
in 1 patient, subvalvular AS in 2 patients, postoperative 
repair of primum atrial septal defect in 1, and postoperative 
repair of tetralogy of Fallot in 1) and 1 had cardiomyopathy 
(Table I). ST-segment depression (greater than 2 mm, flat 
_ or downgoing at 0.08 second) was found in 3 of the patients 
with exercise-induced BBB. A right BBB pattern was found 
in 4 patients and left BBB pattern in 2 (1 with cardiomyop- 
-athy and 1 with subaortic stenosis). Heart rate at onset 
ranged from 100 to 195 beats/min (mean 136). Rate at return 
to normal conduction ranged from 72 to 160 beats/min (mean 
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119). In each case, the rate at onset of BBB was higher than 
the rate at return to normal condition. No arrhythmias were 
observed during exercise testing in any patient. Physical 
working capacity was under the 5th percentile for age in the 
patient with cardiomyopathy. The patient with repaired 
atrial septal defect was active in sports. Each patient with 
valvular AS or subvalvular AS and the child with tetralogy 
of Fallot were normally active, but had been restricted from 
participation in competitive sports because of cardiac dis- 
ease. The child with cardiomyopathy was limited in activity 
and had been restricted from sports competition. Follow-up 
studies ranged from 1 to 8 years (mean 4.2). No patient died 
during foliow-up. One child required further surgery for AS. 
BBB during exercise was not observed in the 264 normal 
children. 


The incidence of exercise-related BBB in an adult 
population with heart disease is approximately 0.4 to 
0.9%.” Our incidence of 0.2% indicates that exercise- 
related BBB is less frequent among children than 
among adults with heart-disease. This finding is con- 
sistent with the lower incidence of aberrant conduction 
with supraventricular tachycardia in children? than in 
adults. 

BBB during exercise may be confused with ventric- 
ular tachycardia. Lack of atrioventricular dissociation 
and a rate similar to the narrow QRS rate at both the 
onset and recovery from bundle branch configuration 
allow this differentiation (Fig. 1 to 3). 

Sandberg‘ believed that the development of BBB in 
an older population was related to ischemic cardiac 
disease, whereas exercise-related BBB in a younger 
population was unrelated to cardiac disease. Our ob- 
servations on a young population indicate that exer- 
cise-related BBB is associated with cardiac disease. 

Whereas exercise BBB is predominantly related to 


coronary disease among adults,?^ we noted an associa- 


tion with AS among children. The occurrence of exer- 
cise-related BBB was present in 3 of 153 of our patients 
with AS who underwent exercise testing. AS with 
rate-related BBB in adult patients was reported by 
Fisch et al.* Exercise BBB after repair of congenital 
cardiac disease was observed in subjects in our study; 
this finding has not been previously emphasized. 
BBB that develops during exercise makes interpre- 
tation of ST segments difficult or impossible. Three of 
our patients had “ischemic” ST-segment changes before 
onset of BBB. Although exercise-related BBB could be 
related to autonomic causes? and may be unrelated to 


TABLE | Clinical Data in Six Patients with Exercise-Related Bundle Branch Block (BBB) 


Age (yr) Form Onset HR 
Pt & Sex Diagnosis of BBB (beats/min) 
LM 18M Valvular AS Right 190 
PR: 10M Subvalvular AS Right 110 
"9 12F Subvalvular AS Left 104 
(4 4F Primum ASD (PO) Right 195 
i9 13M ToF (PO) Right 170 
yee | 17M IDC Left 100 


__ AS = aortic stenosis; ASD = atrial septal defect; HR = heart rate; IDC = 
ToF = tetralogy of Fallot; + = present; 0 = not present. 


Physical 
HR at Return “Ischemic” ST Working 
to NL QRS Peak HR Changes Capacity 
(beats/min) (beats/min) Before BBB (Percentile) 
160 205 r3 2 95th 
104 178 0 80th 
81 150 t4 25th 
160 195 0 10th 
140 197 0 90th 
72 200 s «5th 


idiopathic dilated cardiomyopathy; NL — normal; PO — postoperative; 
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FIGURE 1. Exercise-related bundle branch block in lead 
I| in a patient with cardiomyopathy. Note PR-interval 
prolongation with onset of bundle block, which may 
suggest abnormality of the atrioventricular node. 


FIGURE 2. Exercise-related bundle branch block in lead 
Vs in a patient with aortic stenosis. Termination of bundle 
branch block is observed in the postexercise recovery 
period. 


FIGURE 3. Exercise-related ventricular tachycardia. This is differen- 
tiated from exercise-related bundle branch block by the presence of 
atrioventricular dissociation. 
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ischemia in younger persons,^ nuclear testing may be 
of value in further evaluation of the young patient in 
whom BBB develops during exercise.’ 
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Pacemaker Twiddler's Syndrome: 
An Important Cause of 
Diaphragmatic Pacing 
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Pacemaker Twiddler’s syndrome (PTS) is characterized 
by permanent pacemaker malfunction owing to pace- 
maker generator manipulation by the patient. The 
classic syndrome, as first described by Bayliss et al,! 
consists of failure of ventricular pacing and occurrence 
of diaphragmatic pacing due to phrenic nerve stimula- 
tion as a result of the manipulation of the prepectoral 
pulse generator by the patient. In that patient, the 
pacemaker lead was turned around the generator in the 
capacious packet by a “capstan effect.” This syndrome 
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is rare; only 3 patients have been described..? The 


syndrome has been broadened by some to include: any 


significant generator manipulation,? or a “flipped pulse - 


generator" due to manipulation of abdominally im- 
planted generator,” and an attempted suicide by 
generator manipulation.* We describe a patient with 
PTS to reemphasize the classic syndrome with its un- 
usual clinical presentation. | 


A 76-year-old man had recurrent near syncope associated © 


with atrial fibrillation with ventricular response, from 38 to 
50 beats/min, 7 years after uncomplicated aortic valve re- 
placement with the Smeloff-Cutter prosthesis. A VVI 
transvenous permanent pacemaker was implanted in the left 
pectoral region. A tined ventricular lead was introduced 
through the left subclavian vein; placement of the lead in the 
right ventricular apex was confirmed by a chest radiograph 
(Fig. 1), and ventricular pacing thresholds were appropriate. 
One week later he returned to the emergency room with a 
heart rate of 40 to 60 beats/min with rhythmic jerking 
movements of the left upper abdomen at a rate of 70 beats/ 
min. The implantation site was well healed. An electrocar- 
diogram showed atrial fibrillation with a slow ventricular 
response. The pacemaker generator pulse artifacts were also 


seen on the electrocardiogram at rate of 70 beats/min, but — 
there was failure to sense or pace the ventricle. Lead perfo- 


ration was suspected. The chest radiograph, however, showed 
that the ventricular lead was wrapped repeatedly around the 
pulse generator; its distal lead tip was located near the first 
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rib (Fig. 2). The patient denied manipulating the pulse 
generator but mentioned frequent itching in the left axilla, 
which had led him to scratch it vigorously. Using an external 
programmer, the pacemaker voltage amplitude was halved 
and the pulse width was decreased. Immediately, the 





FIGURE 1. Chest radiograph (right anterior oblique position) after 
pacemaker implant showing tined lead at right ventricular apex. 





FIGURE 2. Chest radiograph on readmission during left diaphragmatic 
pacing. The lead tip is at the head of the first rib and the clavicle, where 
the phrenic nerve usually enters the thorax. The lead is wound around 
the pacer box by a ‘‘capstan effect.” 


rhythmic movements of the left upper abdomen ceased. 
When the previous pacemaker settings were then tempo- 
rarily restored, the jerking movements of the upper abdomen 
at the rate of 70 beats/min were again noted. Rhythmic arm 
twitching could not be elicited by compression in the su- 
praclavicular fossa or change in the patient's position. Later, 
at the time of repositioning the ventricular lead, the pulse 
generator was again reprogrammed to its initial settings; 
however, it did not induce diaphragmatic contractions. A 
chest radiograph showed that the distal end of the ventric- 
ular lead was now positioned in the right atrium (Fig. 3). 
Once again, the patient denied having manipulated the pulse 
generator. During repositioning of the pacemaker lead, the 
pulse generator could be moved freely within the large gen- 
erator pocket. A tined ventricular lead was reinserted ,and 
the pulse generator was tied into a Dacron® pouch, which was 
then sutured to the prepectoral fascia in several places with 
nonabsorbable sutures. During a 5-month follow-up, he 
was free of recurrent problems with normal pacemaker 
function. 


Diaphragmatic pacing is usually associated with 
perforation of the right ventricle by the lead, but in our 
patient, as described in the classic syndrome, it was a 
result of ipsilateral phrenic nerve stimulation. The 
phrenic nerve enters the thorax by crossing from the 
lateral to the medial side, in front of the subclavin ar- 
tery, and behind the subclavian vein just at the level of 
the clavicle.? This position corresponds to the electrode 
tip position seen on the chest radiograph. The pulse 
generator caused diaphragmatic pacing by phrenic 
nerve stimulation. This was confirmed in 2 ways: (1) 
When the lead tip was at the clavicle, changing the 
generator output controlled diaphragmatic pacing; and 
(2) after the patient manipulated the lead tip from the 
left subclavian vein to the right atrium, changing the 





FIGURE 3. Chest radiograph just before reimplantation showing that 
the lead tip is now in the right atrium. 
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generator output failed to cause diaphragmatic pacing. 
With the use of tined leads, early lead dislodgement is 
infrequent (2 of 602 leads). Lead dislodgement into the 
superior vena cava or the innominate vein with loss of 
pacer function and direct pacing of the phrenic nerve 
has not been previously reported with tined leads. 

We believe that the broadened general use of the term 
PTS has obscured the original clinical syndrome with 
its interesting findings. Classic PTS and lead perfora- 
tion should be considered when evaluating patients with 
pacemakers and diaphragmatic pacing. 
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Arrhythmogenic Right Ventricular 
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Arrhythmogenic right ventricular dysplasia (ARVD) 
is an uncommon cardiomyopathy affecting primarily 
the right ventricle in which ventricular tachycardia of 
a left bundle branch block (LBBB) configuration is 
frequently the presenting finding.! We describe a family 
with a high incidence of ARVD documented by echo- 
cardiography or histologic examination of the heart. 


Case 1: A 21-year-old woman, the oldest of 5 siblings, was 
in apparent excellent health before dying suddenly while 
playing softball (Fig. 1). At autopsy, a markedly dilated and 
thin-walled right ventricle and a normal left ventricle were 
found. Histologic examination revealed prominent re- 
placement of the myocardium with connective tissue. 
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FIGURE 1. The pedigree of the family. Darkened symbols represent 


Case 3 


Case 2 


an affected member. Ages are given above the symbol. 
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Case 2: A 25-year-old man had palpitations and presyn- 
cope while exercising. Results of physical examination were 
normal. A 24-hour electrocardiogram revealed nonsustained, 
monomorphic ventricular tachycardia with LBBB configu- 
ration at a cycle length of 420 ms. Electrocardiographic 
findings were normal except for an rSr’ pattern in lead V4 
and inverted T waves inferiorly and in leads V to Ve. Chest 
radiograph showed a mild increase in heart size. Both echo- 
cardiography and radionuclide ventriculography showed a 
dilated, hypocontractile right ventricle with a normal left 
ventricle at rest. 

During electrophysiologic testing, sustained ventricular 
tachycardia identical to the clinical tachycardia was induced 
with programmed ventricular stimulation (Fig. 2). Sotalol 
therapy was effective in preventing tachycardia induction. 
A percutaneous ventricular biopsy specimen revealed ex- 
tensive replacement of myocardium by fibrous tissue, con- 
firming the diagnosis of ARVD. Immunochemical analysis 


of the specimen was normal. The patient is doing well with 


sotalol treatment at 6 months of follow-up. 
Case 3: A 23-year-old woman complained of short episodes 
of palpitations for the past 3 years. Results of physical ex- 
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amination were normal. Seventy-two-hour Holter monitoring 


showed several 3-beat salvos of ventricular tachycardia of 
LBBB configuration. T waves were inverted inferiorly and 
in leads Vi to Ve. Chest radiograph was normal. Both echo- 


cardiography and radionuclide ventriculography showed 


right ventricular dilatation and hypocontractility with a 





FIGURE 2. Ventricular tachycardia in Case 2. Top to bottom, leads V4, 
| and Ill, and intracardiac electrograms from the high right atrium (HRA), 
right ventricular apex (RVA) and right ventricular outflow tract (RVOT). 
The ventricular tachycardia has left bundle branch block pattern and 
a superior axis. 
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normal left ventricle. Ventricular tachycardia was not in- 
ducible during electrophysiologic testing. She continues to 
do well without antiarrhythmic therapy. 

Family studies: All other family members are asymp- 
tomatic and electrocardiograms and echocardiograms re- 
corded for the remaining 2 siblings and both parents are 
normal. 


There have been several reports of ventricular 
tachycardia of LBBB configuration or of sudden deaths 
in relatives of patients with ARVD.!-4 Although this is 
suggestive of a familial occurrence of ARVD, definitive 
evidence of organic disease of the right ventricle in these 
relatives was not obtained. Uhl's anomaly, which 
probably represents a more severe manifestation of 
ARVD, has been observed in family clusters.?-7 The 
high incidence of affected siblings in the family de- 
scribed here (3 of 5) would appear to make a genetic 
pattern of autosomal recessive unlikely. A pattern of 
autosomal dominance with incomplete penetrance 
would appear to be more likely. Alternatively, familial 
exposure to a common toxic or infectious agent, perhaps 
with a genetic predisposition, is another possibility. 


In view of the evidence presented that ARVD may be 
familial, we recommend that electrocardiograms and 
echocardiograms be obtained in family members. The 
role of antiarrhythmic prophylaxis for asymptomatic 
affected family members is not known. 
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Induction and Termination of Ventricular 
Tachycardia by Changing Body Posture 


TOHRU OHE, MD 
YOSIAKI TOMOBUCHI, MD 
KATSURO SHIMOMURA, MD 


In a limited number of cases, the initiation of ventricular 
tachycardia (VT) is related to body posture.! In this 
report, we describe a patient with VT that was initiated 


_ by assuming a supine position and terminated by 


Standing. 


A 27-year-old man presented with episodes of recurrent 
VT for 3 years. Physical examination and cardiac catheter- 


- ization disclosed no significant abnormalities. An intracar- 


diac electrogram during the tachycardia confirmed VT, and 
its origin was at the mid-inferior left ventricular wall (F ig. 
1). Continuous monitoring repeatedly showed that VT oc- 
curred whenever he was recumbent. It lasted for 1 to 2 min- 
utes when he stayed in a supine position, but was always 
terminated by standing (Fig. 2). The VT was terminated 
during a phase 2 Valsalva maneuver and resumed during a 


phase 4 Valsalva maneuver (Fig. 3). Intravenous (i.v.) in- 
. jection of phenylephrine (0.2 mg) and volume loading with 


fluids induced VT. Pretreatment with i.v. atropine (1.0 mg) 
did not alter the characteristics of the initiation and termi- 
nation of VT. Treadmill exercise testing and isoproterenol 
infusion (to 0.4 ug/min) failed to induce VT. There was no 


_ relation between heart rate and the occurrence of VT during 
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these maneuvers. The echocardiogram verified that the ini- 
tiation and termination of VT were closely related to left 
ventricular (LV) size. Figure 4 shows that LV size decreased 
during phase 2 Valsalva maneuver, at which time VT was 
terminated, while LV size increased during phase 4 Valsalva 
maneuver, at which time VT was initiated. Programmed 
ventricular stimulation did not induce VT nor terminate it, 
suggesting that the mechanism of VT was automaticity. 


Characteristically, VT in our patient was initiated by 
assuming a supine position, by i.v. phenylephrine, by 
volume loading with fluids, and during a phase 4 Val- 
salva maneuver; it was terminated by standing and 
during a phase 2 Valsalva maneuver. Peters et al! de- 
scribed a case of VT that occurred only when the patient 
was in an upright position and always terminated when 
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FIGURE 1. Simultaneous recordings of surface electrocardiograms in 
leads |, Il, V, and Vs and intracardiac electrograms during tachycardia. 
Atrioventricular dissociation is present during tachycardia. A — atrial 
activity; CS = coronary sinus; LV = left ventricular midinferior region; 
RV = right ventricular apex. 
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FIGURE 2. Continuous electrocardiographic monitoring 
showing that tachycardia is initiated by lying down and ter- 
minated by standing. 


FIGURE 3. Continuous electrocardio- 
graphic monitoring during a Valsalva ma- 
neuver. Note that ventricular tachycardia 
is terminated during phase 2, and initiated 
during the phase 4 Valsalva maneuver. 
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the patient was lying down. They postulated that the 
attacks of VT were due to unusually strong sympathetic 
tone produced by assuming an upright position. In 
contrast, VT in the present patient was initiated by 
assuming a supine position and always terminated by 
standing. Some VTs were reported to have terminated 
by vagal stimuli.? Usually, the most effective vagal 
stimulation regarding termination of VT is produced 
by i.v. phenylephrine. In this patient VT was initiated, 
instead of terminated, by phenylephrine. Also, pre- 
treatment with atropine did not alter the characteristics 
of the initiation and termination of VT. These findings 
suggest that neither sympathetic nor vagal stimuli plays 
an important role in the initiation and termination of 
VT in this patient. Change in heart rate is mechanism 
of induction of some VT. In this patient, VT was ini- 
tiated not only during a phase 4 Valsalva maneuver 
when his heart rate increased, but also by phenylephrine 
injection when it decreased. A supine position, i.v. 
phenylephrine, volume loading with fluids, and phase 
4 of the Valsalva maneuver—all of which induced VT 
in the present patient—increase LV size.** This was 
confirmed by measuring LV size with echocardiography 
during a Valsalva maneuver. Thus, it is possible that an 
increase in LV size was responsible for the occurrence 
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FIGURE 4. The change of end-diastolic dimension of the left ventricle 
(LVDd) during the Valsalva maneuver estimated echocardiographically. 
Note that LVDd decreases during phase 2, at which time the ventricular 
tachycardia is terminated, while the LVDd increases during phase 4, — 
at which time the ventricular tachycardia is initiated. Bars, standard error 
of the mean. 
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. of VT in this case. Recently, Waxman et al? reported 9 
. patients with VT that could be terminated by a Valsalva 
maneuver. They postulated that the termination was 
. due to an abrupt reduction of cardiac size. The VT in 
this patient is unique in that not only the termination, 

but also the initiation of the VT were closely related to 
LV size. 
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Norepinephrine Infusions in 
Congestive Heart Failure 


7€ ——— 
"Y 
* 


MA & ae 
> à 


STEVEN R. GOLDSMITH, MD 
GARY S. FRANCIS, MD 
JAY N. COHN, MD 


"T bea bs ] z 


Norepinephrine (NE) levels are frequently increased 
_ in patients with congestive heart failure (CHF).!.2 The 
significance of high circulating NE levels in patients 
with CHF is unknown. To provide data concerning the 
effects of an increase in plasma NE on hemodynamic 
function and plasma renin activity in CHF, we mea- 
sured these variables in response to an infusion of ex- 
. ogenous NE in a group of 8 patients with CHF. Overall, 
_ the results do not suggest an important effect of circu- 
. lating NE on either hemodynamic variables or plasma 
= renin activity in CHF. 
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Eight patients participated in these studies. All patients 
had chronic CHF (New York Heart Association Functional 
Class II or III) of at least several months’ duration but were 

in clinically stable condition at the time of study. Four had 
_ primary and 4 had ischemic cardiomyopathy. All had en- 
- larged hearts on chest radiograph and decreased ejection 
_ fractions by either radionuclide scanning or echocardiogra- 
_ phy. All were receiving digitalis and diuretic therapy and 
a some were taking vasodilators. None was taking a1-blocking 
k agents. All medications other than antiarrhythmic drugs 
. were withheld on the day of study. 
— After all patients gave informed consent, hemodynamic 
monitoring was instituted with the patient in the postab- 
: 


i, 
: 

sorptive state. After at least 30 minutes of rest following 
; 
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. placement of Swan-Ganz and arterial catheters, baseline 
_ hemodynamic measurements were made and repeated 15 
- minutes later. If these values were within 10% of one another 
_ they were accepted as basal, with averaged values used as 
. control measurements. Blood was then drawn from the ar- 
_ terial catheter for determination of plasma NE and renin 
. activity. An infusion of Levophed® (L-NE) was then begun 
_ into a peripheral vein at 0.1 ug/min and subsequently in- 
- creased to 0.5 ug/min, and then to 1.0, 1.5 and 2.5 ug/min. 
- Each infusion rate was maintained for 20 minutes, with he- 
. modynamic measurements made between the 10th and 20th 
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minute of each stage, and blood resampled for NE and renin 
Just before increasing to the next level. At the conclusion of 
the 2.5- ug/min infusion, blood was sampled a final time and 
the study concluded. 

Plasma for NE analysis was separated immediately by cold 
centrifugation, frozen and stored at —20* F for later analysis 
by radioenzymatic assay?; in our laboratory this has an inter- 
and intraassay coefficient of variation under 8%. Plasma 
renin activity was measured by radioimmunoassay‘ with 
similar reliability in our laboratory. 

All data were analyzed using analysis of variance for re- 
peated measures on the same elements. 

Baseline hemodynamic variables in those patients with 
CHF included a heart rate of 79 + 8.5 beats/min, mean ar- 
terial pressure of 79 + 10 mm Hg, cardiac index of 2.5 + 0.56 
liter/min/m? and systemic vascular resistance of 1,272 + 311 
dynes cm ^5. Right atrial pressure was 12 + 7mm Hg and left 
ventricular filling pressure, estimate from either one pul- 
monary capillary wedge or pulmonary artery diastolic 
pressure, was 26 + 5mm Hg. None of these variables changed 
significantly in response to the increase in plasma NE levels 
from 730 + 368 pg/ml (baseline) to 2,532 + 1,326 pg/ml at the 
2.5 ug/min level (Fig. 1). Plasma renin activity, 1.5 + 0.54 
ng/ml/hour, also did not change during the infusion. 


These observations indicate that exogenous infusions 
of L-NE, which produce plasma levels comparable to 
those found during maximal exercise, do not cause 
significant hemodynamic effects in patients with CHF. 
Silverberg et al6 and Izzo (7) showed that in normal 
subjects, 2-fold or greater increases in plasma NE levels 
do raise blood pressure and reduce heart rate. Since with 
comparable or greater absolute and relative increases 
in plasma NE over baseline in heart failure we saw no 
hemodynamic changes, our data suggest a blunted 
peripheral vascular response to circulating NE in 
this condition with the lack of reflex bradycardia as a 
consequence. 

A blunted blood pressure response to infused NE 
could be a consequence of “down regulation" of œ- 
adrenergic receptors exposed to the chronically high 
levels of NE found in patients with CHF.!? Such down 
regulation has recently been demonstrated in vascular 
smooth muscle. Alternatively, the blunted response 
could be due to changes in number or sensitivity of pe- 
ripheral a-adrenergic receptors, because they also may 
influence peripheral vascular resistance and may be 
more responsive to circulating as opposed to neuronally 
released NE.? Platelet o»? receptors are decreased in 
CHF,?? although we have no direct information con- 
cerning the postsynaptic a2 receptor. Overall, down 
regulation of œ receptors would not be surprising in 
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FIGURE 1. Response of plasma norepinephrine (PNE), 
plasma renin activity (PRA), heart rate (HR), mean arterial 
pressure (MAP), cardiac index (Cl), systemic vascular re- 
sistance (SVR) and left ventricular filling pressure (LVFP) to 
exogenous norepinephrine infusions in patients with con- 
gestive heart failure (n = 8). Values are expressed as 
+ standard error of the mean. NS = not significant; RAP = 
right atrial pressure. 
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patients with CHF in view of the well documented down 
~ regulation of 8 receptors in this condition.!.? 

'The lack of hemodynamic effects during an exog- 
enous NE infusion does not necessarily bear on the ef- 
fects of endogenously released NE in patients either in 
the basal state or during stress. Plasma NE measured 
during endogenous stress represents only a small frac- 
tion of total NE released, because most is either taken 
up into the presynaptic nerve terminal or immediately 
metabolized in the synaptic cleft. Hence, a given 
plasma level of NE produced by endogenous stress 
represents a much higher total NE response than that 
produced by an infusion. Nonetheless, these data do 
show that circulating NE itself, at the levels produced 
here, does not have a marked circulatory effect in pa- 
tients with CHF. Any contribution of plasma NE as a 
circulating hormone to the vasoconstriction produced 
by a stimulus such as exercise is therefore likely to be 
minimal. The fact that vasoconstriction in nonexercis- 
ing muscle beds does occur during exercise in patients 
with CHF,!^ strongly militates against another possible 
explanation for the current results—that NE-induced 
vasoconstriction is maximal or near-maximal in the 
basal state and therefore not amenable to further 
change by exogenously increased levels of circulating 
NE. Also in opposition to this interpretation is the ob- 
servation that patients with CHF can respond in normal 
or even exaggerated fashion to infusion of another 
vasoconstrictor such as vasopressin.!? 

There was also no change in plasma renin activity 
during the infusions. Because plasma renin levels were 
essentially normal in this group of stable patients, it is 
unlikely that excessive baseline stimulation would ac- 
count for the lack of response to the infused NE. Also, 
because there were no significant hemodynamic effects, 
a reflexly mediated decrease in renin activity probably 
did not offset any direct stimulation. Again, because 
synaptic cleft NE levels may be much higher than those 
in the plasma, circulating plasma NE levels in the range 
produced here may not be adequate to stimulate renin 
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release by adrenergic mechanisms. However, as with the 
lack of vasoconstrictor response, an alternative possi- 
bility is down regulation of the renal B receptors re- 
sponsible for mediating sympathetically induced renin 
release. This interpretation is buttressed by Izzo's study 
in normal subjects’ in whom small changes in NE 
were associated with clear increases in plasma renin 
activity. | 

In summary, infusions of L-NE, which produced 
plasma NE levels of approximately 2,500 pg/ml, were 


without significant effects on either hemodynamic - 


variables or renin activity in 8 patients with CHF. AI- 
though the role of endogenous sympathetic stimulation 
on hemodynamic variables and renin release is not re- 
solved, the results do suggest a lack of any important 
effect on these variables from plasma levels of NE per 
se, and may point to altered peripheral adrenergic re- 
ceptor activity in patients with this disease. — 


Acknowledgment: We thank Susan Ziesche, Dennis Lura 
and Terry Cameron for their technical help in performing the 
studies; Ada Simon for performing the norepinephrine and 
renin determinations; Darryl Erlien for help with the statis- 
tics and graphics, and Belinda Anderson for preparing the 
manuscript. 


References 


1. Thomas JA, Marks BH. Plasma norepinephrine in congestive heart failure. 
Am J Cardiol 1978;41:233-243. 1 

2. Levine TB, Francis GS, Goldsmith SR, Simon A, Cohn JN. Activity of the 
sympathetic nervous system and renin-angiotensin system assessed by 
plasma hormone levels and their relation to hemodynamic abnormalities 
in congestive heart failure. Am J Cardiol 1982;49:1659— 1665. 

3. Passon PG, Peuler JD. A simplified radiometric assay for norepinephrine 
and epinephrine. Anal Biochem 1973;51:618—63 1. 

4. Sealey JE, Gerten-Benes J, Laragh JH. The renin system: variations in man 
ae by radioimmunoassay or bioassay. Kidney Int 1972;1:240— 

5. Francis GS, Goldsmith SR, Ziesche SM, Cohn JN. Response of plasma 
norepinephrine and epinephrine to dynamic exercise in patients with con- 

estive heart failure. Am J Cardiol 1982;49:1152-1156. | 

6. erberg AB, Shah SD, Haymond MW, Cryer P. Norepinephrine hormone 
and neurotransmitter in man. Am J Physiol 1978;234:E252-E256. 

7. Izzo J. Cardiovascular hormonal effects of circulating norepinephrine. 
Hypertension 1983;5:787-789. 

8. Colucci WS, Gimbrone MA, Alexander WA. Regulation of the post-synaptic 
a-adrenergic receptor in rat mesenteric artery. Effects of chemical sym- 
pathectomy and epinephrine treatment. Circ Res 1981;48:104—111. 


~ 


BI 


$ 


^ 


PE ha 


^ 


E 
$ 


ks 9. Van Zwieten PA, Timmermans PB. Cardiovascular alpha-2 receptors. J 
[2 . Mol Cell Cardiol 1983;15:7 17-733. 

| 10. Weiss RJ, Tobes M, Wertz CE, Smith CB. Piatelet alpha-2 adrenoreceptors 
m in chronic congestive heart failure. Am J Cardiol 1983;52: 101—105. 

f 11. Colucci WS, Alexander RW, Williams GD. Decreased lymphocyte beta 
f receptor density in patients with heart failure and tolerance to the beta 
! adrenergic Kod pirbuteral. N Engl J Med 1981;305:185- 190. 

Bristow MR, Ginsburg R, Minobe WB. Decreased catecholamine sensitivity 
and beta adrenergic receptor density in failing human hearts. N Engl J Med 


RRR BS i 


Upright Paradoxical Posterior Wall 
Movement in Mitral Valve Prolapse 
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Upright exercise 2-dimensional echocardiography (2-D 
echo) is being used frequently to evaluate patients with 
suspected coronary artery disease (CAD).! As with other 
techniques, this diagnosis is suggested when segmental 
wall motion abnormalities appear with exercise. We 
have noted the spontaneous development of high pos- 
terior wall motion abnormalities during casual upright 


m numm MN CU ND ECC: 

From the Department of Medicine, Division of Cardiology, Duke Uni- 

versity Medical Center, Durham, North Carolina 277 10. This study was 

__ Supported in part by Grants HL-127 15, CA-37586 and HL-07063 from 

.. the U.S. Public Health Service, Bethesda, Maryland. Manuscript received 

.. February 25, 1985; revised manuscript received April 19, 1985, ac- 
cepted April 23, 1985. 


A 





3? TUBE EREE REPORTERE I ITIGE EI OOI REGE 
RENE N y P F " a ae ME f 1 $3 1 
> l ! : Tae “ 


EF Ee ee ae TENTER 


y-^ 


1982;307:205-211. 

13. Esler M. Assessment of sympathetic nervous function in humans from 
noradrenaline plasma kinetics. Clin Sci 1982:62:247-254. 

14. Zelis R, Nellis S, Conghurst J, Lee G, Mason D. Abnormalities in regional 
circulations accompanying congestive heart failure. Prog Cardiovasc Dis 
1975;18:181- 199. 

15. Goldsmith SR, Francis GS, Cowley AW, Cohn JN. Hemodynamic effects 
of arginine vasopressin in patients with congestive heart failure (abstr). 
Circulation 1984;70:suppl Il:lI- 192. 


m ———————M———À———M ái 


2-D echo that were not present in the study during su- 
pine rest. These abnormalities appeared to be more 
obvious in patients with known or suspected mitral 
valve prolapse (MVP). This study documents the 
prevalence of a postural phenomenon in patients with 
MVP. 


Forty-six subjects were studied and were separated into 
2 groups on the basis of the absence or presence of MVP by 
2-D echo. MVP by 2-D echo was defined as systolic movement 
of 1 or both of the mitral valve leaflets into the left atrium 
and breaking the plane of the mitral valve anulus.2 The 
non-M VP group consisted of 19 normal volunteers, aged 20 
to 46 years (mean 33). The MVP group consisted of 27 per- 
sons, aged 22 to 45 years (mean 30), with definite ausculta- 
tory and 2-D echocardiographic evidence for MVP (15 with 
clicks alone and 12 with clicks and late systolic murmurs). 
No person had historical, physical or electrocardiographic 
evidence for CAD or any other form of heart disease and j 
except for findings of MVP, the 2-D echocardiographic re- 
sults were normal. Except for 3 subjects with MVP who were 
receiving diuretic drugs, the study population was free from 
medication. 

Complete 2-D echocardiographic examinations in all 
standard views were performed with the patient in the re- 


FIGURE 1. Composite long-axis re- 
cumbent views in diastole (R-D) and 
systole (R-S) as well as standing dias- 
tole (S-D) and systole (S-S) from a pa- 
tient in group Il, with more extensive 
changes during standing systole (open 
arrows, panel S-S). Black arrows in- 
dicate position of posterior mitral anu- 
lus. Ao — aortic root; DAo — descend- 
ing aorta; LA = left atrium; LV = left 
ventricle. 
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cumbent, 30° left lateral and then upright positions using 
commercially available imaging systems with 3.5- or 2.5-MHz 
transducers. In addition, the last 6 MVP patients studied 
were also examined in the sitting position. Derived dual 
M-mode echocardiograms better displayed the induced wall 

- motion abnormalities and were recorded while imaging in the 
parasternal long axis projection. Cursor A was placed 
through the high posterior ventricular wall just below the 
mitral valve anulus and cursor B was positioned through the 
left ventricular wall just above the papillary muscle. At no 
time did cursor A intercept the anulus or left atrium. All 
echocardiographic data were reviewed independently by 2 
experienced observers and agreement by both as to the 
presence or absence of MVP and wall motion abnormalities 
was required. 

All 19 normal subjects showed normal posterior wall mo- 
tion in the recumbent position. Sixteen showed no change 
in the normal pattern of posterior wall motion when stand- 
ing. However, 3 (16% ) showed mild posterior wall dyskinesia 
when standing; 2 of them had equivocal MVP and 1 definitely 
did not have MVP. 

Similarly, all 27 patients with MVP showed normal re- 
cumbent wall motion. When sitting, 4 of the 6 patients ex- 
amined showed mild but obvious high posterior wall dyski- 
nesia. Upon standing, every subject (100%) with MVP 
showed clearly evident dyshinesia of the high posterior wall 
(more severe compared with changes noted in the sitting 

¥ position). In 21 patients, this abnormality was confined to 
the upper third of the posterior wall. In 6 patients, dyski- 
nesia of the upper posterior wall was profound and extended 
more toward the ventricular apex (Fig. 1 and 2) and into the 
posterolateral wall. 


This study shows that in patients with MVP and 
normal supine wall motion, significant posterior ven- 
tricular wall dyskinesia can develop when a standing 
position is assumed. Less significant dyskinesia can also 
be seen in some patients while sitting. In those in whom 
the subjective severity of the MVP was more severe, the 
extent and amount of dyskinesia was greater. i 

More than 20 years ago, Keats and Martt? made th 
initial flouroscopic observations of spontaneous high 
posterior wall motion abnormalities in the standing 

. position. Inhomogeneity of normal left ventricular 
contraction has also been known for many years, with 
the high posterior wall showing later and less contrac- 
tility compared with other wall segments in normal 
subjects. The geometry and pattern of ventricular 


FIGURE 2. Dual M-mode traces from the same patient 
as in Figure 1, with normal posterior wall motion in the 
recumbent position (left, panel R-A). Upon standing (right, 
panel R-B), extensive paradoxic changes are noted in 
both the high (open arrow; S-A) and middle (closed arrow, 
S-B) back wall. R-A — recumbent just above papillary 

a muscles; R-B = recumbent lower in ventricle; S-A = 
standing just above papillary muscles; S-B = standing 
lower in ventricle. 
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contraction can also be variable and dependent on ~ 
volume loading conditions.5»9 Few studies have closely 
examined wall motion changes occurring in upright 
posture, and since standing is accompanied by a de- 
creased preload and chamber size,’ some alteration of 
contractility and geometry may be expected. | 

Abnormal contractile patterns of the basal and pos- 
terior wall in the recumbent position are well recognized 
in some patients with MVP.259 Abnormal biochemical 
and myocardial histologic characteristics have also been 
found.!? No consensus exists, however, as to whether 
these changes represent a primary local myocardial 
problem or are induced secondary to MVP itself. 

All subjects in the present study had normal wall 
motion in the supine position and all those with MVP 
had clear-cut dyskinesia from recumbent to standing — 
positions. This phenomenon was probably not a result 
of positional artifact because dyskinesia was observed 
in more than 1 view. Similarly, we did not observe any  . 
recumbent/standing changes in electrocardiographic — . 
morphologic pattern to suggest an altered depolariza- —. 
tion or conduction pattern. 

This phenomenon may have multiple causes. First, 
decreased preload while standing may induce this 
phenomenon, given the many abnormalities associated — 
with MVP (such as anular movement). Second, spatial 
geometric changes of the heart relative to other struc- 
tures may be responsible. All subjects showed a decrease 
in left atrial size while standing, with an altered relation __ 
between left atrium and descending aorta. The mitral  . 
ring moved more inferiorly and posteriorly upon 
standing in patients with MVP than in normal subjects. 
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In fact, the descending aorta impinged on the left atrial 
cavity from behind in some cases and appeared to re- 
strict the movement of the anulus (Fig. 1). Third, the 
close proximity between taut chordae and endocardium _ 
may cause systolic mural compression. __ eee” 

The results of this study have several important im- 
plications. As the use of 2-D echo in the sitting position 
or standing during upright exercise becomes more _ 
widespread, false-positive responses for CAD may occur 
unless the presence of MVP is suspected and these 
spontaneous changes are documented. The develop- 
ment of this abnormality also raises the possibility of — 
an additional cause of the enhanced mitral murmur of 
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MVP on standing. Finally, the high incidence of the 
development of this dyskinesia in the upright position 
in patients with MVP suggests that it may be a useful 
provocative test for this entity. 
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Safety of Labor and Delivery in Women 
with Mitral Valve Prolapse 
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Because mitral valve prolapse (MVP) is associated with 
joint laxity, musculoskeletal abnormalities and dis- 
tinctive anthropometric characteristics, and is present 
in most cases of the Marfan syndrome and the Ehlers- 
Danlos syndrome, the valve disorder probably repre- 
sents the cardiovascular manifestation of a generalized 
disorder of connective tissue.! Fuenzalida? suggested 
that laxity of joints and connective tissue may facilitate 
pregnancy and childbirth, conferring a selective ad- 
vantage to those who carry the MVP gene (or genes) and 
counteracting any natural selective presssure against 
the syndrome. Indeed, the gene appears to be most 
penetrant in women? and clinical aspects of this syn- 
drome are most manifest during the childbearing years. 
Rayburn and Fontana* showed that pregnancy and 
childbirth were safe in women with MVP, but possible 
advantages of the syndrome were not examined. This 
study was designed to evaluate the ease and efficiency 
of labor and delivery in women with MVP. 


. The records of labor and delivery were evaluated in 23 
patients with auscultatory and echocardiographic evidence 
for MVP, detected before the onset of labor, after 1981. All 


. patients had abnormal findings on cardiac examination by 


their obstetrician and were therefore referred to a cardiolo- 
gist. MVP was diagnosed if both a mid- to late apical systolic 
click or murmur was heard and M-mode echocardiography 
demonstrated at least 2 mm of pansystolic bowing or mid- 
systolic buckling of the CD segment of the mitral tracing. A 
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control was assigned to each patient, selected as the next 
patient delivering, matched for parity, age (within 2 years), 
race and infant birth weight (within 500 g). All control 
subjects had normal heart sounds on screening examinations 
by their obstetrician. 

The rate of cervical dilatation during active labor, which 
accurately reflects the overall efficiency of labor 5 was con- 
sidered the major outcome variable. This value was deter- 
mined by plotting cervical os diameter vs time (Freidman’s 
curve) and measuring the rate at the maximal slope during 
the active phase of labor.5 The duration of the first stage of 
labor was defined as the time between the onset of regular 
contractions and full cervical dilatation. The duration of the 
second stage of labor was measured from the time of full di- 
latation to delivery. For comparisons of infant birth weight 
and Apgar scores, a second group of control subjects was 
selected as above, except that infant birth weight was not 
matched. Weight before pregnancy and height were recorded 
and the ponderal index was calculated as the cube root of the 
body weight divided by the height, times 100. The highest 
systolic blood pressure during pregnancy was noted. 

Statistical analysis was performed with paired t-tests, 
with pairs matched as described above, to facilitate control 
of variables known to influence the ease of labor and to iso- 
late, as far as possible, the effects of MVP. Four pairs in 
which cesarean section or pitocin augmentation was required 
for either the patient or control were excluded in analysis of 
duration of labor and rate of cervical dilatation. Statistical 
power analysis was performed by the method of Young et al 6 
considering the rate of cervical dilatation at the maximal 
slope as the major outcome variable, with differences in the 
rate of dilatation of less than 2 cm/hour judged not to be of 
practical importance. 

Patients with MVP weighed significantly less than control 
subjects and had a significantly lower ponderal index (Table 
I). The peak systolic blood pressure during pregnancy was 
117 mm Hg in patients with MVP and 121 mm Hg in control 
subjects, but the difference was not statistically significant 
(2-tailed, p = 0.07). The rate of cervical dilatation at the 
maximal slope was 3.3 cm/hour in both patients and control 
subjects (difference not significant). With the given sample 
size and standard deviation, a difference of 1.1 cem/hour or 
greater could have been detected (a = 0.05) with 80% cer- 
tainty(B = 0.20).5 The duration of the first and second stages 
of labor was not different in the 2 groups (Table I). Two pa- 
tients and 1 control subject required cesarean section for 
breech presentation or failure of labor to progress. Two pa- 
tients and 3 control subjects required pitocin augmentation. 
Birth weights and Apgar scores were similar in both groups. 
Thus, there were no statistically or physiologically signifi- 
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TABLE! Characteristics 
and Matched Controls 
MVP 
(n = 23) 
e Age (Yr) 22 X3 
Height (inches) 65 i03 
Weight (Ibs) 112 + 28 
Ponderal index 7.39% 1 
Parity 0.4+ 0.7 
Systolic BP (mm Hg) 117 18 
Maximum slope of cervical 3.9 x 1.2 
dilatation (cm/hour)' 
Duration first stage (hours)! 8.4+ 4.5 
Duration second stage (hours)! 0.79+0.8 
Duration first and second SES 
stage (hours)! 
No. requiring C-section 2 
No. requiring pitocin 2 
augmentation 
Birth weight (g)* 3,231 + 583 
Apgar (1 min/5 min): 7.8/9.1 


* Paired t tests or Fisher's exact test as required. 
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Controls 
(n = 23) p* 
22103 NS (20.5) 
64+ 2 NS (>0.5) 
143433 . 0.002 
8.1+ 0.6 0.007 
0.4+ 0.7 NS (identical) 
121+ 12 NS (0.07) 
3.3 + 1.5 NS (>0.5) 
9.7+6.5 NS (>0.5) 
0.61 + 0.4 NS (0.26) 
1047 NS (>0.5) 
1 NS (>0.5) 
3 NS (>0.5) 
3,314 + 477 NS (>0.5 
7.7/8.9 NS (>0.5) 


t Excluding patients with C-sections or pitocin augmentation. i 
t Compared to a second group of controls who were not matched for birth weight. 


Values are mean + standard deviation. 


BP = blood pressure; C-section = cesarean section; MVP = patients with mitral valve prolapse; NS 


= not significant. 


¥ cant differences in the ease or efficiency of labor between 
these groups. 


This study confirms that labor and delivery are safe 
in MVP, but provides no evidence for an advantage 
acting through joint laxity or distensible connective 
tissue during childbirth. The rate of cervical dilatation 
at the maximal slope provides an excellent measure of 
the overall efficiency of labor? and was used in this study 
as an indirect predictor of morbidity, since direct 
comparison of the rates of complications of labor, which 
are uncommon in our population, would have required 
very large sample sizes. Our inability to detect a dif- 
ference is not likely a result of inadvertant dilution of 
the control group with patients with silent mitral valve 
prolapse, because the 2 groups showed expected dif- 
ferences in ponderal index and weight? and only pa- 
tients with marked and unequivocal valvular abnor- 
malities were selected for the study. 

Differential fertility is an important agent of natural 
selection and is a logical consideration in justifying the 
high frequency of an inherited condition which pre- 
dominately affects young women. Although we have 
shown no clinically significant advantage over the 
general population in the speed of labor and delivery, 
small differences which are not detectible by our 
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methods could become important over very long time _ 


periods. Therefore, although not supported by our data, 
the hypothesis presented by Fuenzalida? cannot be 
absolutely excluded. Alternatively, any life-threatening 
complications associated with mitral valve prolapse may 
occur after the most fertile childbearing years in most 
instances, so that selective pressure against the syn- 
drome is weak or nonexistent. 
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Mitral Valve Prolapse and Addictions 


JON CHRISTOPHER STRINGER, MD 
ANIS OBEID, MD 
ELEANOR O'SHEA, RN, CNP 


Mitral valve prolapse (MVP) is a common inherited 
disorder with a prevalence believed to be between 5 and 
10% in the general population.! MVP is associated with 
an array of psychiatric diagnoses, including anxiety 
neurosis and panic attacks,” agoraphobia,’ depression? 
and sleep disorders.? Autonomic dysfunction and ele- 
. vation of plasma catecholamine levels have also been 
described,® suggesting that the valvular abnormality is 
part of a generalized neuroendocrine-cardiovascular 
. disorder. During a 2-year period in a general hospital- 
- based Substance Abuse Detoxification Unit, MVP ap- 
peared to occur more frequently than would have been 
expected in a randomly selected population. This report 
presents the results of a study designed to document the 
prevalence of MVP in patients who abuse psychoactive 
drugs and seek detoxification. 


One hundred one consecutive patients (69 men, 32 women) 
were admitted to the Substance Abuse Detoxification Unit 
of Crouse Irving Memorial Hospital because of significant 
and continuing physical, interpersonal and occupational 
problems related to psychoactive drug abuse. They were 18 
to 68 years old. All patients were unable to control use of 
addicting psychoactive drugs. 

Fifty-six of the patients had systolic clicks with or without 
mid- to late systolic murmurs by auscultation in supine or 
standing positions. Of these 56 patients, 48 were then studied 
by 2-dimensional (2-D) and M-mode echocardiography using 
phased-array equipment (Toshiba model SSH10A or Hew- 
lett Packard model 77020A) and 2.25- MHz transducer. The 
other 8 patients signed out against medical advice before 
echocardiographic study. Complete echocardiographic ex- 
J. amination was performed using standard long- and short- 
axis views, as well as apical 4-chamber and subxiphoid 
. positions. All studies were performed by experienced tech- 
nicians with a senior cardiologist in attendance. The studies 
were reviewed for technical quality and further footage re- 
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corded by the cardiologist if necessary. M-mode records were 
derived from the 2-D examination and the data were used 
in the measurement of the cavity dimensions and wall 
thickness. MVP was diagnosed entirely on the basis of the 
2-D study, following the criteria of Gilbert et al? and Mor- 
ganroth et al.® When displacement of the anterior or poste- 
rior mitral leaflets or both was noted posterior to the mitral 
ring in either the long axis view or the apical four chamber 
view, MVP was considered to be present. All the records were 
reviewed by one of the investigators and MVP was diagnosed 
only when the above criteria were met. 

Fifty-six patients had physical signs of MVP (mid- to late 
systolic click with or without systolic murmur), and 38 of 
these 56 patients had echocardiographic confirmation of the 
diagnosis. In the remaining 17 patients, the clinical evidence 
for MVP was not confirmed by echocardiography. However, 
8 of these 17 left the hospital against medical advice before 
being studied. The occurrence of echocardiographically 
confirmed MVP in 37% of the patients admitted to the 
detoxification unit is substantially greater than the 5% to 
10% prevalence of MVP expected in a randomly selected 
population. ! 

MVP was slightly less prevalent in the alcoholic patients 
than those admitted for abuse of other drugs (nonalcoholic 
sedatives, cocaine/amphetamines, opiates and multiple drug 
abuse) by the criteria of physical examination or echocar- 
diography, but the number of patients in each group was too 
small for significant statistical analysis. Women admitted — 
to our detoxification unit were more likely than men to have 
MVP by physical examination criteria (p «0.05). This 
likelihood appears even more pronounced when echocar- 
diographic criteria are used (p <0.025). However, this may 
be influenced by the fact that 8 men but no women left the 
hospital against medical advice before being studied. 

MVP may have been detectable by echocardiographic 
criteria in more than the 39 patients indicated in Table I. 
Some of the 45 patients with no clinical evidence for MVP 
likely had silent MVP. Further provocative testing with amyl 
nitrate was not done in the 9 patients with clinical evidence 
for MVP but negative echocardiographic findings. Finally, 
8 patients with clinical evidence for MVP left the hospital 
against medical advice prior to being studied. 


Patients with MVP often have associated dyspho- 
rias. Vasomotor instability and elevation of plasma 
catecholamine levels have also been described.® Seeking 
relief from these symptoms, many patients with MVP 
enter the health care delivery system and are treated 
with medications such as -blockers, antidepressants 
and sedatives. Addiction to sedatives, especially ben- 
zodiazapines, is a risk for these patients. The results of 





TABLE! Mitral Valve Prolapse and Addictions 
Detox Admissions Alcohol Admission Subpopulation Drug Admission* Subpopulation 
Total Men Women Total Men Women Total Men Women 
Manifestations of MVP (n= 101) (n=62) (n=39) (n=57) (n=37) (n=20) (n=44) (n=25) (n= 19) 
No click 45(45%) 32(52%) 13(3396) 29(5196) 22(59%)  7(3596) 16(3696) 10(4096) 6(32%) 
+ Click + murmur 56(55%) 30(48%) 26(67%) 28(49%) 15(4196) 13(6596) 28(6496) 15(6096) 13(6896) 
Signed out AMA before 8(7 96) 8(1396) 0(0%) 3(496) 3(8 % ) 0(0%) 5(1496) 5(2%) 0(0%) 
being studied 
Studied by echo 48(46%) 22(3596) 26(67%) 25(4696) 12(3296) 13(6596) 23(52%) 10(496)  13(6896) 
+ Clinical exam but — MVP by echo 10(9 96) 6(10%) 49%) 5(11%) 2(5%) 3(2 26) 5(8%) 4(2%) 1(5%) 
+ Click + murmur and with MVP by echo 38(37%) 16(26%) 22(58%) 20(35%) 10(27%) 10(5096) 18(42%)  6(2496) 12(6796) 


* Sedatives (other than alcohol), cocaine/amphetamines, opiates and multiple drug abuse. 
AMA = against medical advice; Detox = detoxification; echo = echocardiogram; MVP = mitral valve prolapse. 


this study suggest that some patients with MVP may 
self-medicate with psychoactive drugs in attempts to 
modulate some or all of these same dysphorias. Toler- 
ance and loss of control supervene and, for many, ad- 
diction occurs. 

Of the 39 patients with MVP documented by echo- 
cardiography, 23 had clear family histories of alcoholism 
(either parents, grandparents or aunts/uncles). This is 
consistent with studies that show that the offspring of 
alcoholics are more likely to have the same disease than 
the offspring of non-alcoholics. The role of environment 
in this issue has been minimized in Scandanavian 
adoption studies, and there is at least a 4 times increased 
risk for the adopted male offspring of an alcoholic bio- 
logic parent to develop alcoholism even when reared in 
homes where alcoholism is not present.? Further, be- 
havioral and neurochemical studies have shown that 
certain genetic strains of mice prefer and seek out al- 
cohol in laboratory feeding selections and become ad- 
dicted when compared to other strains of mice. These 
addiction-prone mice have baseline deficiencies in 
whole brain met-enkephalin.!? 

Thus, there is evidence for a genetic neuroendocri- 
nologic basis for the inability to control appetite for 
psychoactive drugs. MVP may be a marker for an in- 
creased risk of developing substance abuse and addic- 
tion. Further study directed toward identifying en- 
dorphin abnormalities in the disorder of MVP and in 
addiction-prone families may lead to a greater under- 
standing of the personality prone to addiction. 

This study suggests that patients with MVP are ov- 
errepresented in the population of substance abusers 
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requiring detoxification. Practitioners should try to 
identify these patients in order to evaluate and counsel 
them regarding symptoms and complications of the 
MVP syndrome. Particular attention should be paid to 
the risks of using intravenous drugs in patients with 
MVP because of the inherent risks of developing in- 
fective endocarditis. 
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Significance of E Point-Septal 
Separation by M-Mode 
Echocardiography in Patients 
with Aortic Regurgitation 


MAXINE H. ROSOFF, MD 
MICHAEL V. COHEN, MD 


Separation between the mitral E point and left side of 
the ventricular septum on M-mode echocardiography 
has been shown to be a practical index of left ventricular 
(LV) performance in adults and children with unre- 
stricted motion of the mitral valve.'-4^ Patients with 
aortic regurgitation (AR) are usually excluded from 
studies of E point-septal separation (EPSS) because of 
the possibility of abnormal mitral valve motion, and 
echocardiography performed on a few of these patients 
has revealed no consistent relation to contractile func- 
tion.! To evaluate the significance of EPSS in this dis- 
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order, we retrospectively examined M-mode echocar- 
diograms of 56 patients who underwent cardiac 
catheterization for AR. 


The records of all adult patients who underwent cardiac 
catheterization at Montefiore Medical Center between De- 
cember 1974 and April 1984 were reviewed. Fifty-six patients 
with isolated moderate or severe AR, 37 men and 19 women 
between ages 19 and 84 years, had technically adequate 
echocardiographic and angiographic studies. Patients were 
excluded if either the M-mode echocardiogram or angiogram 
was inadequate, or if mitral stenosis, mitral regurgitation, 
aortic stenosis or pulmonary hypertension (pulmonary ar- 
tery systolic pressure 55 mm Hg or greater) coexisted. 

Echocardiograms were performed with either an Irex 101 
M-mode echocardiograph and 2.25-MHz transducer coupled 
to a Honeywell strip-chart recorder or a Hoffrel model 101 
ultrasonoscope. Patients were studied in the left lateral de- 
cubitus position with varying degrees of rotation. The mitral 
valve was recorded at the position where both leaflets were 
visualized and mitral excursion was greatest. Studies were 
excluded if either the left side of the septum or mitral valve 
was poorly visualized, or if marked diastolic fluttering of the 
anterior mitral leaflet obscured the E point. EPSS 1 was 
defined as the vertical distance from the leading edge of the 
left septal echo to the simultaneously recorded leading edge 
of the mitral valve at its most anterior position in early 
diastole (Fig. 1). EPSS 2 was defined as the vertical distance 
from a horizontal line drawn through the left side of the 
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|. Cardiac catheterization was performed within 15 days of 





mitral valve E point (Fig. 1). EPSS was evaluated in 10 





M . echocardiography, and in most cases it was done the next 
- day. Biplane angiography was performed in the right and left 
$ anterior oblique projections. Left ventricular systolic and 
_ diastolic volumes were calculated using the Dodge method. 
— In 43 patients, cardiac output was determined by the Fick 
~ method. 

— Fifty-six subjects with moderate or severe AR had tech- 
—  nically adequate angiograms and echocardiograms, and no 
EC evidence of other significant valvular lesions. EPSS 1 ex- 
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. FIGURE 1. M-mode echocardiogram at the level of the mitral valve in 
. apatient with severe aortic regurgitation, illustrating the method used 


... 30 and 28 mm, respectively. AML = anterior mitral leaflet; IVS = 
X ventricular septum; PML = posterior mitral leaflet. 
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— FIGURE 2. Relation of E point-septal separation (EPSS) 1 to angio- 
_ graphic left ventricular ejection fraction (EF) in patients with moderate 
. to severe aortic regurgitation. Correlation between these parameters 
. is weak (r = —0.48). k 
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ceeded EPSS 2 by 4 to 7 mm in 9 patients. In all other pa- ` 
tients, EPSS 1 was 0 to 3 mm greater thanEPSS2. 

Nineteen of 56 patients (34%) had an ejection fraction — 
(EF) greater than 55% with EPSS more than 10 mm. Figure 
I is a representative mitral valve echogram in a patient with 
severe AR secondary to a biscuspid aortic valve. Despite a 
normal EF of 62%, EPSS is greatly increased to 30 mm. 
Cardiac output and LV end-diastolic pressure were both 
normal in this patient. For all patients studied , the relation 
between EPSS 1 and LV function as assessed by angio- 
graphic EF is shown in Figure 2. Linear regression analysis 
yielded a poor negative correlation between EPSS and EF, 
with r = —0.48 for EPSS 1 and r = —0.47 for EPSS 2. No 
value for EPSS clearly separated patients with normal and 
abnormal EF. Among 20 patients with depressed EF, how- 
ever, only 3 had normal EPSS. 

Figure 3 shows the relation between EPSS 1 and LV end- 
diastolic volume in 46 patients in whom this volume was 
quantitated. Although there is a tendency for greater LV 
volume to be associated with higher EPSS, correlation was 
poor (r = 0.57). Using EPSS 2,r = 0.61. No value for EPSS 
classified patients into groups with mildly and severely in- 
creased LV end-diastolic volumes, although all patients with 
volumes greater than 305 ml had EPSS of at least 15 mm. 
Among 43 patients in whom cardiac output was determined : 
there was no correlation with EPSS (r = —0.04). EPSS 1 
exceeded 10 mm in 55% of patients with fluttering of the 
mitral valve by echocardiography and in 569; of those ^w 
without fluttering. 


Although increased EPSS appears to be associated 
with larger ventricles and poorer systolic function in 
patients with AR, correlation is poor for individual 
patients. In 1977, Massie et al! described the association 
of increased EPSS and reduced LV systolic function in 
patients with no AR or mitral stenosis, and found that 
a value of at least 5 mm for EPSS 1 correlated strongly 
(r = 0.87) with reduced angiographic EF. D'Cruz et al? 
and Lew et al? later suggested EPSS up to 6 mm was 
normal, and confirmed the association between in- 
creased EPSS and LV dysfunction. Child et al^ com- 
pared patients with MR and no LV failure with those 
having either dilated or amyloid cardiomyopathy, and 
found that EPSS of at least 6 mm accurately identified 
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FIGURE 3. Relation of E point-septal separation (EPPS) 1 to angio- 
graphic left ventricular end-diastolic volume (LVEDV) in patients with 
moderate to severe aortic regurgitation. There is weak correlation 
between these parameters (r = 0.57). 
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patients with EF less than 55%, irrespective of LV size, 
although patients with dilated cardiomyopathy tended 
to have greater EPSS than those with restrictive 


disease. 


We chose to define EPSS as the instantaneous ver- 
tical distance from the left side of the ventricular sep- 
tum to the E point, and compared these measurements 


— with those derived by the method described by Massie 


et al.! Since the original M-mode studies were done, 
2-dimensional echocardiography has demonstrated that 
motion of the heart within the thorax causes the wall 
segments imaged by M-mode tomography to vary dur- 
ing the cardiac cycle.? Simultaneous EPSS, therefore, 
may be expected to be a more accurate reflection of the 
distance between the septum and mitral valve. There 
was no significant difference in correlation between LV 
volume or EF and EPSS measured by either method. 
One explanation for the poor correlation between EF 
and EPSS is chamber dilatation secondary to AR. If this 
were the case, however, correlation between diastolic 
volume and EPSS might be expected to be stronger. In 
some cases, marked fluttering of the anterior mitral 
leaflet in the presence of AR might have obscured the 
true E point. However, we eliminated those studies in 
which a well-defined E point could not be identified. 
The incidence of increased EPSS was equal in patients 
with and without fluttering. It is also possible that some 
of the patients with severe AR and normal EF had re- 
duced LV contractility. In these patients, EF could 
seemingly have been preserved because of the inde- 
pendent influence of increased preload and ventricular 


horde me dt BIS sonarer mem i) thd rec re ht T omo monct hr 9n mme 
2x . ; A T s 


dilatation. Cardiac output, however, does not appear to 
significantly influence EPSS in patients with AR. 

Impingement of the aortic jet on the body of the an- 
terior mitral leaflet appears to cause the leaflet to bow 
away from the septum as the valve opens.” This is likely 
to account for observations of abnormal EPSS in pa- 
tients with normal EF. 

In conclusion, EPSS is not a useful predictor of LV 
function or dilatation in individual patients with AR, 
although greater EPSS tends to be seen in those pa- 
tients with larger left ventricles and reduced EF. 
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Auscultation, M-Mode 
Echocardiography and Pulsed Doppler 
Echocardiography Compared with 
Angiography for Diagnosis of Chronic 
Aortic Regurgitation 


DAVID G. MEYERS, MD 
TERRY S. OLSON, BS 
DALE A. HANSEN, MD 


Pulsed Doppler echocardiography (PDE), which detects 
velocity, timing and direction of blood flow, is both 
sensitive and specific in detecting aortic regurgitation 
(AR) and appears to be superior to more standard 
noninvasive techniques.! In our study, 3 noninvasive 
means of detecting AR—cardiac auscultation, M-mode 
echocardiography (echo) and PDE—were compared 
with aortography. 
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Twenty patients (9 men, 11 women, aged 27 to 76 years) 
underwent cardiac catheterization for evaluation of either 
mitral or aortic valve disease. Aortograms were reviewed by 
an investigator blinded to the results of noninvasive studies, 


who estimated AR severity using the technique of Grossman — 


and Dexter.? Echocardiographic and PDE studies were 
usually performed before angiography (27 + 30 days, range 
2 to 84) on a Honeywell Ultra-Imager duplex echocardio- 
graph with transducer frequencies of 2.5, 3.5 and 5.0 MHz by 
technicians blinded to the results of auscultation and angi- 
ography. No attempts were made to control ventricular 
loading conditions. M-mode echocardiograms were recorded 
at a scan speed of 50 mm/s from the standard parasternal 
position. Pulsed Doppler echocardiograms were recorded 
from 3 standard positions (parasternal long axis, apical 4- 
chamber and apical long axis) with the Doppler sampling site 
positioned in the left ventricular outflow tract just below the 
aortic valve under 2-dimensional echocardiographic guid- 
ance. The Doppler signal was recorded in both video and 
audio formats using a Honeywell VGR 4000 video graphics 
recorder. 

An investigator blinded to the results of all other studies 
evaluated the echocardiographic and, separately, PDE re- 


sults. AR was not quantitated. Two weeks later, the original — 


reviewer and another investigator, blinded to prior inter- 
pretations, independently reviewed all PDE studies. The 
final PDE diagnosis was based on the consensus of these 3 
independent interpretations. High-frequency diastolic 
fluttering of the mitral leaflets, chordae tendineae, or left 
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TABLE | Comparative Results 
—————— U 





Aortogram Auscultation Echo PDE 
rr. eC Ee LEE SAF OEE SRA SEN e ae > TUS sati zn L Gnd NN 

TP 11 6 5 10 
FP $2 0 0 0 
TN 9 9 7 9 
FN Edi 5 5 1 
Total 20 20 M 20 

Sensitivity 5496 (6/11) 50% (5/10) 91% (10/11) 
2. Specificity 100% (9/9) 100% (7/7) 100% (9/9) 


Positive predictive value 
Negative predictive value 
Diagnostic accuracy 


100% (6/6) 100% (5/5) 100% (10/10) 
65% (9/14) 58% (7/12) 90% (9/10) 


75% (15/20) 71% (12/17) 95% (19/20) 


Echo = M-mode echocardiography; FN = false negative; FP = false positive; PDE = pulsed Doppler 
echocardiography; TN = true-negative; TP = true positive. 
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ventricular surface of the ventricular septum served as the 


_ echocardiographic marker of AR. AR was diagnosed if PDE 


A 


showed spectral broadening with a duration of longer than 
0.10. second and a peak velocity of more than 20 cm/s, 


. suggesting turbulent, apically directed, diastolic blood flow 
— inthe left ventricular outflow tract. 
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. 17 patients. Of the 8 patients with mild AR, auscultation negative studies with auscultation and echo in our se- h 
detected AR in 3, M-mode echo detected it in 4 and PDE ries. Our experience confirms that PDE is superior 
t eap Ei d e In an 3 patients oe moderate ye PS to both auscultation and M-mode echo in detecting 
K bo and auscultation were æ sensitive. M-mode - 1 1 imi 1 
. echo failed to detect AR in 2 of these patients, both of whom MOLIS TUNE Mild AR) and ts not limited by mitral 
~ had mitral stenosis. Doppler interpretation was based on 
_ only 1 transducer position in 11 patients and 2 positions 
- in 5. o£ inter- and intraobserver variation with PDE References 
~ Were o 7e. 
- . Auscultation produced 5 false-negative studies, 4 of which 1- Saa, AK, Pearlman AS, Hossack KF, Janko CL, Scoblionka DP. Silent aortic 
BUourrad in patiente with ld ARS Of the 5 An Inao ; Circulation 1986 Go suppl A240. i i d 
ey ; : J : ; 1 j . Grossman W, . Profiles in valvular heart disease. In: Grossman W, 
? Europe ^ Bike cmo AR. I aida e Garan Catheterization and Angiography. Philadelphia: Lea & Febiger, 
tive diagnosis resulted from PDE, in a patient with mild, 3. Meyers DG, Sagar KB, Ingram RF, Paulsen WJH, Romhilt DW. Diagnosis 
isolated AR. There were no false positive results from any a = Myrtle n | MAE tied M eaa saata 
—A method. 4. Diebold B, Peronneau P, Blanchard D, Colonna G, Guermonprez JL, Forman 
lx J, Seller P, Maurice P. Non-invasive quantification of aortic regurgitation 
. . Our data, like those of Saal et al,! show that neither > aes p Som desta pai Heart sk s e ii ! > 
— cardiac auscultation nor M-mode echo is sensitive for ochocaro baaie win. Odi 1592.50: 1092-1005 eee 
E detecting AR (especially when mild) in contrast to PDE. * ace UNEAN ih cations itt piles stenosis Dy ‘pulsed Dorsia 
In studies comparing auscultation and M-mode echo, echocardiography. JACC 1985;5:176—181. 
SSA er EE al Ee ts MIU Rs ee EE Me ene 0s 
Left Atrial Mobile Thrombus in Atrial fibrillation (AF) and low cardiac output are 
. ; closely related to the occurrence and development of left 
Hypertrophic Cardiomyopathy atrial (LA) thrombi. Some investigators!-? reported that 
AF was observed in 5 to 15% of patients with hypertro- 
phic cardiomyopathy (HC). Henry et al‘ reported that 
MAREOMI HAMADA, MD AF was observed in more than 40% of patients with 
j WATARU MATSUBARA, MD asymmetric septal hypertrophy and LA dimension of 
NAOAKI TOMITA, MD 40 mm or greater. To our knowledge, however, no pa- 
YUSUKE MIYAUCHI, MD tient has been described with HC who had a LA mobile 
TATSUO KOKUBU, MD thrombus. We present 2 such patients. B 


The sensitivity, specificity, predictive values and accuracy 


. of the noninvasive techniques were calculated relative to 


angiography (Table I). AR was detected angiographically 
in 11 patients; it was mild (1 to 2+) in 8 patients and mod- 
erate (3+) in 3. M-mode echocardiograms were recorded in 
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both had sensitivity of less than 80%, whereas in non- 
comparative studies, PDE had a sensitivity of 92 to 
100%.45 The low sensitivity of auscultation may stem, 
in part, from the difficulty in appreciating the faint, 
high-pitched murmur when AR is mild or, to a lesser 
extent, in the presence of the murmur of mitral stenosis. 
Similarly, the low sensitivity of M-mode echo may be 
largely attributed to mitral stenosis where leaflet 
thickening dampens diastolic leaflet flutter.?9 Either 
mild AR or mitral stenosis account for all the false- 


Case 1: A 52-year-old man treated for HC was admitted 
2 days after sudden onset of palpitation and chest discom- 
fort. The blood pressure was 94/76 mm Hg. An electrocardi- 
ogram revealed AF with high R voltages and negative T waves 
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in the precordial leads. After 3 days of hospitalization, AF 
returned to sinus rhythm with disopyramide therapy and bed 
rest. Two-dimensional echocardiograms (Fig. 1) revealed LA 
mobile thrombus occurring in the vicinity of the LA ap- 
pendage. An echocardiogram recorded 3 months before ad- 


mission showed a marked increase in ventricular septal D ++ 
thickness but did not show a thrombus. Cardiac index, 
measured by the dye-dilution method, was 2.3 liters/min/m? = 
(Table I). ait! 
Case 2: A 49-year-old man with a history of recurrent 
faintness was admitted complaining of palpitation and 
general malaise. The blood pressure was 92/70 mm Hg. An = ie 
ABI 
> 


PWT 
(mm) 
10 
14 





systolic anterior motion of the mitral valve; SBP/DBP = systolic/diastolic 


left ventricular end-diastolic dimension; LVDs = left ventricular end-systolic dimension; MSC 
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2. In the long-axis 2-dimensional echocardiogram, a thrombus was most < airs I = 


clearly observed at early systole (top, left). From the short-axis echo- 
cardiographic observation (top, right), the thrombus occurred in the 
vicinity of the left atrial appendage as seen in patient 1. In the M-mode 
echocardiogram (bottom), the thrombus (arrow) was also recognized 
from end-diastole to early systole in the left atrial cavity. 


electrocardiogram showed AF with negative T waves in leads 
Vs, Ve, I and aVL. After 5 days of the hospitalization, AF 
returned to sinus rhythm, but soon after he complained of 
severe ache in his left leg owing to embolic complication. 
Echocardiograms showed marked ventricular septal thick- 
ening and a mobile thrombus occurring in the vicinity of the 
LA appendage (Fig. 2). The patient showed not only reduced 
cardiac index, but also markedly elevated total peripheral 
resistance index (Table I). 


During the cardiac cycle, the thrombi observed in 2 
patients showed the same pattern of motion that was 
observed most clearly from end-diastole to early systole. 
Emergency cardiac surgery was performed in both pa- 
tients and thrombi were removed. In addition, to pre- 
vent formation of the LA thrombus, plication of the LA 
appendage was performed. Diastolic compliance failure 


of HC appeared to be the main cause of AF. The com- 
bination of stagnant blood flow due to AF and low 
cardiac output appeared to predispose to thrombus 
formation. 


Acknowledgment: We thank Yo Osuga, MD, for per- 
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Acute Left Ventricular Dysfunction 
and Thrombosis Following Natural 
Gas Poisoning 


RAYMOND P. KELLY, MB BS (Hons) 
DWAIN A. OWENSBY, MD, PhD, FRACP 


Left ventricular (LV) thrombus formation is a recog- 
nized complication of myocardial infarction! and of 
dilated cardiomyopathy,’ but to our knowledge, it has 
not previously been reported in association with hyp- 
oxia-related reversible LV dysfunction. We describe 
such a case. 


A 19-year-old woman was admitted to the hospital after 
accidental gas poisoning over approximately 12 hours. Initial 
resuscitation with oxygen reversed deep cyanosis and im- 
proved mental state from coma to stupor. The blood pressure 
was 90/60 mm Hg, heart rate 140 beats/min, respiratory rate 
40 breaths/min and temperature 38.5°C. The patient 
weighed 50 kg. She was mildly dehydrated and had a prom- 
inent gallop rhythm. Arterial blood gases after initial re- 
suscitation showed hypoxia (PO 55 mm Hg with oxygen 
40% ) and mild metabolic acidosis (pH 7.36, bicarbonate 14 
mmol/liter). Carboxyhemoglobin was mildly elevated 
at 12.7% (normal 0 to 1.5%, with cerebral symptoms evi- 
dent above 30% ). Chest x-ray showed normal heart size and 
clear lung fields. An electrocardiogram showed sinus 
tachycardia. 

The clinical course was one of progressive improvement 
of mental status with supplemental oxygen, intravenous 
rehydration, dexamethasone, 16 mg, amoxicillin and chest 
physiotherapy. Despite resolution of fever, the gallop rhythm 
and a tachycardia of 120 beats/min persisted at the end of 
24 hours. Blood and urine cultures were sterile. Creatine 
kinase-MB fraction was not elevated, but an electrocardio- 
gram showed widespread nonspecific ST-T changes with 
T-wave flattening. An echocardiogram was performed within 
24 hours of admission. The left ventricle was mildly dilated 
(end-systolic diameter 40 mm [normal 28 + 6 mm], end- 
diastolic diameter 51 mm [normal 44 + 6 mm]) with reduced 
fractional shortening (22% [normal 26% |). All valves ap- 
peared intrinsically normal, but interrupted aortic valve 
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closure and a "B" notch on the mitral valve trace were con- 
sistent with elevated LV end-diastolic pressure. The 2- 
dimensional echocardiogram also confirmed mild global 
cardiac enlargement and reduced contraction with an ejec- 
tion fraction of 40% (based on single-plane ellipsoid formula 
for LV volume). Within 4 days, mental function had returned 
to normal, the gallop rhythm was absent and tachycardia 
resolved to an awake heart rate at rest of 80 beats/min. A 
repeat echocardiogram 4 days later showed normalization 
of LV dimensions (end-systolic diameter 30 mm, end-dia- 
stolic diameter 47 mm) and fractional shortening (36% ). On 
the 2-dimensional sector scan, ventricular size and function 
appeared normal but an apical thrombus measuring 10 mm 
in diameter was clearly demonstrated in multiple views and 
at various depth and gain settings (Fig. 1). 


The 2 most striking aspects of this case are the 
prompt resolution of the initial clinical and echocar- 
diographic features of severe myocardial dysfunction, 
and the unexpected discovery of an apical LV thrombus 
on the predischarge echocardiogram. The speed of re- 
covery of myocardial function suggests that no signifi- 
cant intrinsic myocardial damage was sustained but 
rather that a “stunned” myocardium? was responsible 
for the reversible dysfunction. The constituents of 
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FIGURE 1. Left, apical 4-chamber view demonstrating thrombus (arrow) 
in left ventricular (LV) apex. Right, apical 2-chamber view demonstrating 
LV thombus (arrow). 
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natural gas (predominantly methane, and small to trace 
amounts of other hydrocarbons, nitrogen, carbon 
dioxide and mercapto compounds) are not known to 
have direct myocardial toxicity in the concentrations 
encountered; thus, hypoxia rather than toxicity must 
be considered the responsible mechanism.? 

The hypoxic myocardial dysfunction in this patient 
was completely reversible, although in the interim an 
LV thrombus had formed rapidly and thus may com- 
plicate any form of acute cardiomyopathy. 
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Massive Endocardial Calcification 
Associated with Endomyocardial 
Fibrosis 


MARIA LENGYEL, MD 
ATTILA ARVAY, MD 
IMRE PALIK, MD 


Silver et al! described massive mural calcific deposits 
as a newly recognized cause of impairment to left ven- 
tricular filling. We present 2 patients with massive en- 
- docardial calcification who also had typical features of 
nontropical endomyocardial fibrosis (EMF). 


Patient 1: A 53-year-old woman had bronchial asthma 
since early childhood. Six months before admission atrial 
fibrillation developed with severe exertional and nocturnal 
dyspnea and a 3/6 holosystolic apical murmur. Chest x-ray 
showed a conspicuous calcification (Fig. 1.). Two-dimen- 
sional echocardiography (2-D echo) revealed massive calci- 
fication on the endocardium at the left ventricular apex, the 
distal third of the septum and the posterior wall and on both 
papillary muscles. Cardiac catheterization and angiography 
disclosed a typical “ace of hearts"-shaped left ventricle 
massive mitral regurgitation and elevated (22 mm Hg) left 
ventricular end-diastolic and pulmonary artery pressure 
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FIGURE 1. Intracardiac calcification on chest x-ray in patient 1. 


(62/30 mm Hg) (Fig. 2.). At surgery, masses of friable and 
partly calcified thrombi and parts of the calcified endocar- 
dium were removed (Fig. 3), and the mitral valve was re- 
placed. Cardiac catheterization 6 months postoperatively 
revealed a left ventricular end-diastolic pressure of 11 mm 
Hg and pulmonary arterial pressure of 37/17 mm Hg. 

Patient 2: A 42-year-old woman with a history of hel- 
minthiasis was studied because of progressive dyspnea. 
Two-dimensional echo showed massive calcification of the 
left ventricular endocardium primarily at the region of the 
apex and the septum, an obliterated right ventricular apex 
and dilated atria (Fig. 4). Cardiac catheterization and an- 
giography revealed elevated left and right ventricular end- 
diastolic pressures, mild tricuspid regurgitation and right 
ventricular apical obliteration. Over a follow-up period of 1 
year, medical treatment has kept this patient in functional 
class II. 


We have seen 9 patients with eosinophilic EMF with 
or without eosinophilia over the last 6 years, and 8 of 
them underwent operation. The 2 patients just de- 
scribed had characteristic clinical, 2-D echo, hemody- 
namic and angiographic signs of EMF without eosino- 
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FIGURE 2. Left ventricular angiogram in patient 1 showing a typical 
“ace of hearts’’-shaped left ventricle and massive mitral regurgita- 
tion. Top, diastolic and bottom, systolic frames. 


- 
P 


FSS 7 ARE REPORTE E D aT mem emm 
i, * 1 " 





FIGURE 3. Masses of calcified and friable thrombi, calcified endocar- 
dium and a pliable mitral leaftlet removed at surgery from patient 1. 


philia. Patient 1 also had morphologic signs of EMF 
without eosinophilia. They may have had eosinophilia 
in the earlier course of their disease, associated with 
parasitic infection in 1 patient and asthma in the other. 
In addition, they had massive calcification of the en- 
docardium of the left ventricle. Our observations thus 
do not seem to support the view that massive calcifica- 
tion represents an entity independent of EMF.! On the 
contrary, these 2 cases confirm previous observations 
and support the opinion that extensive, widely dis- 
tributed calcific deposits may be present within the left 
ventricular cavity in patients with EMF.?-9 Endocardial 
calcification in these cases may be the diagnostic clue 
calling attention to the probable presence of EMF. 





FIGURE 4. Two-dimensional echocardiogram obtained in the apical 
4-chamber view in patient 2. There is massive calcification of the 
septum of the left ventricular apex and, to a lesser degree, of the right 
ventricular apex. Both atria are dilated. LA = left atrium; LV = left 
ventricle; RA = right atrium; RV = right ventricle. 
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Effect of Intense Aerobic Training 
on Exercise Performance in Children 
After Surgical Repair of Tetralogy 
of Fallot or Complete Transposition 
of the Great Arteries 
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The role of rehabilitation after surgical repair of cya- 
notic congenital heart defects in children is unclear. 
Although highly effective cardiac rehabilitation pro- 
grams exist for adults with acquired cardiac disease, few 
are available for children.? Hemodynamic and elec- 
trophysiologic disturbances are often present after 
surgical repair of congenital heart lesions. Diminished 
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right and left ventricular compliance? and late dys- 
rhythmias* are seen after the Mustard operation for 
complete transposition of the great arteries (TGA). 
Patients with repaired tetralogy of Fallot (TF) may have 
abnormal right and left ventricular function® and ven- 
tricular arrhythmias.?? Further, exercise capacity is 
known to be subnormal in children following repair of 
TGA? and TF.? We report the effects of a monitored 
aerobic training program on children who had under- 
gone operative repair of TGA or TF to determine the 
magnitude of potential improvement in aerobic fitness 
and to develop a scientific basis for rational exercise 
guidelines. 


Eleven patients were selected for participation in the 
study because of the nature of their lesions and their prox- 
imity to the hospital. Nine of 11 patients completed the 
program and form the basis of this report (Table I). All 9 
patients had undergone operative repair more than 2 years 
before the program began. 

The 5 patients in the TGA group had undergone Mustard's 
operation 4 to 11 years earlier (mean 7.11) at a mean age of 
10 months. Three of the 5 patients required subsequent 
pacemaker implantation for dysrhythmia management and 
2 required digoxin and propranolol therapy. Postoperative 
cardiac catheterization data were available in 4 of 5 patients. 
All had a normal cardiac index at rest, normal right ven- 
tricular end-diastolic pressure and normal pulmonary vas- 
cular resistance. Angiographically, none had tricuspid 
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TABLE! Patient Profile 
Age (yr) Pace- 

Pt & Sex Diagnosis maker RA 
1 7.0F TF + 

2 13.0M TF 0 5 
3 6.0M TF 0 5 
4 6.0M TF 0 7 
5 7.0M TGA + 2 
6 5.0M TGA 0 

7 12.0M TGA + 7 
8 4.5M TGA 0 4 
9 12.0F TGA + 


LV = left ventricular; PA = pulmonary artery; PR = pulmonary regurgitation; PS = pulmonary stenosis; 
transposition of the great arteries; 


RA = right atrial; RV = right ventricular; TGA = 
Fallot. 











RV PA LV Angiography 
40 25/10 120/10 Mild PR 
30 30/5 Severe PR 
60 17/5 95/5 Moderate PR, 
Moderate PS 
100 16/4 35/3 {RV contractility 
RV contractility 
normal 
100 22/12 40/5 }RV contractility 
90 30/5 RV contractility 


normal 


TF = tetralogy of 








TABLE || Effects of Pediatric Cardiac Rehabilitation 
Weight (kg) HR (beats/min) VE (liters/min) BP (mm Hg) TT (min) Vo» (ml/kg/min) 
Pt Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
1 19.5 19.5 188 190 30.0 34.8 125 140 14.3 19.5 42.1 55.0 
2 39.0 39.0 214 214 64.2 64.7 160 11.0 13.5 40.0 52.3 
3 22.0 22.0 192 188 41.8 42.6 122 140 16.0 16.5 50.0 54.5 
4 23.0 23.0 150 188 25.6 44.5 124 140 12.0 18.0 38.7 57.1 
5 27.0 27.0 150 167 33.1 27.0 118 140 8.0 9.0 38.9 36.0 
6 23.0 23.0 150 167 20.3 23.0 115 14.0 14.0 20.0 36.0 
7 44.0 41.0 115 26.6 30.1 104 130 6.0 8.0 22.0 27.5 
8 18.0 18.0 170 167 31.0 27.4 106 130 14.0 16.0 42.7 39.4 
9 23.0 25.0 150 167 41.2 37.1 140 10.0 13.0 41.3 50.1 
Mean 26.5 26.4 164 181 34.8 36.8 116 140 TUI 14.2 37.4 45.2 
+SEM +2.7 +2.4 +8.9 +5.3 +3.9 +3.8 +2.8 +2.9 +1.0 t.1 +2.9 +3.1 
p NS NS NS <0.001 <0.01 <0.01 


. BP = systolic blood pressure; HR = heart rate; NS = not significant; SEM 


VO» = oxygen consumption. 


regurgitation or subpulmonic obstruction, and 2 had slightly 
diminished right ventricular contractility. 

The 4 patients with TF had undergone repair, 2 with a 
transanular right ventricular outflow tract patch, 2 to 8.5 
years earlier (mean 4.4) at a mean age of 39 months. One 
patient required reoperation for residual right ventricular 
outflow tract obstruction and pacemaker placement. Fol- 
low-up catheterization data were available in 3 patients. All 
patients had a normal cardiac index at rest, normal right and 
left ventricular end-diastolic pressures, and mildly elevated 
right ventricular systolic pressure (Table I). Angiographi- 
cally, all had qualitatively normal right and left ventricular 
contractility. One patient each had mild, moderate and se- 
vere pulmonary insufficiency. All 4 patients had right bundle 
branch block. 

Graded treadmill tests were conducted before and after 
12 weeks of aerobic training. Tests were performed on a 
motor-driven treadmill (model 18-54, Quinton I nstruments) 
while an electrocardiogram, cuff blood pressure and inter- 
mittent oxygen consumption were monitored. A modified 
Bruce protocol was used. Subjects were fitted with a 
mouthpiece containing a 2-way valve and a pneumotacho- 
graph (Fleish type, Dynasciences). Expired air was analyzed 
for oxygen and carbon dioxide content (Perkin-Elmer 1100 
Medical gas analyzer). The outputs were sampled every 2 
minutes for 30 seconds by a microcomputer (N OVA 3, Data 
General) programmed to assess and print minute ventila- 
tion, oxygen consumption and respiratory quotient. The 
subjects were encouraged to continue as long as possible to 
obtain maximal treadmill times. All tests were terminated 
.. owing to fatigue. 
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= standard error of the mean; TT = treadmill time; VE = minute ventilation; 


Training sessions were held in the gymnasium at Chil- 
dren’s Hospital National Medical Center twice a week for 12 
weeks. Each class was directed by an elementary physical 
education specialist with an exercise physiologist and pe- 
diatric cardiologist present. A portable defibrillator and an 
emergency medical cart were available in the room. Each 
class commenced with a 15-minute warm up period of 


stretching and flexibility exercises. Aerobic activities such- 


as walking, running, jumping rope and modified aerobic 
dance followed the warm-up period and lasted 15 to 30 
minutes. Workloads of 60% , 70% and 80% of maximal heart 
rate were achieved. Each session concluded with a 15 minute 
cool-down period to prevent venous pooling in the extremi- 
ties. Rest, peak exercise and recovery single-lead electro- 
cardiograms were recorded in all patients at each session 
with a portable device (MSG-IM Schiller). Starting in the 
sixth week of the program, all patients were instructed to 
spend at least 25 to 35 minutes once a week in home-based, 
family-oriented aerobic exercise (i.e., brisk walking or 
jogging). 

Data analyzed for statistical significance included weight, 
heart rate, minute ventilation, peak systolic blood pressure, 
treadmill time and oxygen consumption. Measurements 
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before and after training were compared by a Student paired — 


t test. A p value <0.05 was considered significant. Electro- 
cardiographic tracings were reviewed for rhythm distur- 
bances and ST-T-wave changes. 

Table II contains the exercise data of each patient before 


and after completion of the cardiac rehabilitation program. 
Maximal values are listed. Weight, heart rate and minute 
ventilation did not change significantly during the study 
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interval. Peak systolic blood pressure increased 17% (from 
116 to 140 mm Hg, p <0.001), treadmill time increased 18% 
(from 11.7 to 14.2 minutes, p <0.01) and oxygen consumption 
increased 20% (from 37 to 45 ml/kg/min, p <0.01). Treadmill 
electrocardiograms before and after the cardiac rehabilita- 
tion program did not document significant ST depression 
at peak exercise in any patient. Three of the 4 children 
with pacemakers had paced rhythm at rest; all 3 demon- 
strated sinus rhythm with peak exercise. There were no 
complications. 


Conditioning programs for normal children have 
variable design, duration and intensity and produce 
improved levels of aerobic fitness as measured by 
maximal work capacity or maximal oxygen consump- 
tion.?? The cardiopulmonary alterations that occur in 
normal school-aged children after a season of compet- 
itive swimming have been documented.!° Only Gold- 
berg et al! and Ruttenberg et al? studied the effects of 
exercise training on children after cardiac surgery. In 
the former study, a significant improvement in maximal 
work capacity occurred in patients with postoperative 
TF and ventricular septal defect. Maximal oxygen 
consumption did not significantly increase. Similarly, 
the study by Ruttenberg et al revealed significant im- 
provement in maximal treadmill performance (time and 
stage) in patients with postoperative TF, aortic stenosis, 
TGA and arterioventricular canal, although maximal 
oxygen consumption did not change. 

This study differs from those previously reported. 
The patients are younger than those studied by Gold- 
berg and Ruttenberg and their co-workers and have 
more severe residual disease. Sixty percent of the study 
patients with TGA are pacemaker-dependent at rest. 
The mean systolic gradient across the right ventricular 
outflow tract in the TF group is 20 mm Hg. The dura- 
tion of the training program is longer than that in either 
of the previous 2 studies. Because the program is hos- 
pital-based, electrocardiographic monitoring is possible. 
We confirmed that all participants exercised to achieve 


and maintain heart rates of 60 to 80% of maximum heart 
rate, which constitutes more intense exertion than in 
the study of Goldberg et al. 

The current results, however, agree with those pre- 
viously published. After training, heart rate and minute 
ventilation did not significantly change. Both peak 
systolic blood pressure and treadmill time improved 
substantially. In our patients maximal oxygen con- 
sumption also increased significantly, a result we at- 
tribute to the documented major increase in intensity 
and duration of our rehabilitation program. 

A monitored pediatric cardiac rehabilitation program 
can improve the aerobic fitness of young children, even 
in the presence of moderate hemodynamic or electro- 
physiologic disturbance. 


Acknowledgment: We thank Joann Duck for her dedi- 
cated assistance in manuscript preparation. 
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Coarctation of the Aorta Inherited as an 
Autosomal Dominant Trait 


ROBERT H. BEEKMAN, MD 
MEINHARD ROBINOW, MD 


Coarctation of the aorta (CoA) usually occurs sporadi- 
cally.? Familial recurrence of CoA has been reported 
in sibling and parent-child groups, however, in patterns 
compatible with multifactorial inheritance.2? In this 
report we describe a family in which CoA affected 4 
generations in a pattern consistent with autosomal 
dominant inheritance. This is the first reported instance 
of CoA inherited in classic Mendelian fashion. 
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Case ! (IV 1, Fig. 1): The index case presented at age 1 
year for evaluation of a heart murmur. He was asymptomatic. 
Systolic blood pressure (Doppler) was 122 mm Hg in the right 
arm and 110 mm Hg in the legs. A grade 2/6 systolic ejection 
murmur was heard in the back. Cardiac catheterization re- 
vealed mild thoracic CoA, with a systolic gradient at rest of 
10 mm Hg. No other cardiovascular abnormalities were 
present. 

Case 2 (III 7, Fig. 1): This 29-year-old woman , in excel- 
lent health, was evaluated because of the striking family 
history of CoA. Her physical examination was unremarkable. 
Blood pressures at rest were 131/85 mm Hg in both arms and 
132 mm Hg in the leg. A graded exercise test was performed 
in an attempt to elicit evidence of a subclinical CoA. Al- 
though no pressure gradient was present between arm and 
leg at rest, a 46-mm Hg systolic gradient was measured on 
multiple recordings immediately after peak exercise. Typical 
postexercise pressures were 148/50 mm Hg in the right arm 
and 102 mm Hg in the leg. An aortogram failed to document 
a CoA. No pressure gradient at rest was detected within any 
portion of the aorta. 

Case 3 (II 3, Fig. 1): At age 15 years the patient had a 
blood pressure of 240/100 mm Hg in the right arm and 120/80 
mm Hg in the leg. Murmurs consistent with aortic stenosis 


and insufficiency were present. A chest radiograph showed 
severe cardiac enlargement and rib notching. Surgical repair 
of the CoA was performed by excision and end-to-end 
anastomosis. Although the pressure gradient at rest was 
abolished, persistent hypertension and aortic insufficiency 
led to the patient’s death 7 years later at age 22 years. 

Case 4 (II 2, Fig. 1): The patient developed hypertension, 
dyspnea on exertion and frequent headaches in her teens. 
At age 28 years, after 3 syncopal episodes, she was found to 
have a blood pressure of 200/120 mm Hg in the arms and di- 
minished femoral pulses. At surgery, a tight thoracic CoA was 
repaired by excision and end-to-end anastomosis. On the 
first postoperative day the patient had a cardiac arrest and 
died. 

Case 5 (I 1, Fig. 1): Upper extremity hypertension was 
first discovered when this women was 25 years old. She was 
treated medically and followed a satisfactory course until 
age 68 years, when she was hospitalized with chest pain and 
supraventricular tachycardia. Blood pressure was 220/120 
mm Hg in the arms and 90 mm Hg in the legs. Soon after 
admission ventricular fibrillation developed and she died. 
Necropsy revealed severe thoracic CoA and multiple large 
collateral vessels. 

Other relatives: No other members of the family have 
been studied. Members I 1 and I 2 (Fig. 1) are in good health 
in their late 70s and are presumably unaffected. 


Familial coarctation of the aorta is rare.^? Only 26 
families have been reported previously in which CoA 
occurred in more than 1 member.!-? In no family has 
CoA affected more than 2 generations, and in no in- 
stance has a pattern of Mendelian inheritance appeared. 
Familial CoA, as with most other types of congenital 
heart disease, has been attributed to multifactorial 
causation.2? In the present report a family is described 
in which CoA appears to have been transmitted as an 
autosomal dominant trait with high penetrance and 
variable expressivity. Five family members in 4 gener- 
ations have been affected, some with severe and others 
with mild CoA. (X-linked dominant inheritance cannot 
be ruled out because there has been no male-to-male 
transmission.) Case 2 appears to be a carrier, since her 
aorta was not grossly abnormal by angiography. The 
exercise-induced pressure gradient in this patient is 
difficult to explain, however, as one does not occur in 
normal persons. It is tempting to speculate that this 
patient has a minimal expression of the trait in which 
a segment of aorta, although not anatomically narrowed, 
lacks the compliance to dilate normally during exercise. 

The concept that genetic factors influence the de- 
velopment of CoA in some patients is not new. It is well 
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FIGURE 1. Family pedigree showing the recurrence of coarctation of 
the aorta in 4 generations. 


known, for instance, that CoA occurs commonly in pa- 
tients with XO Turner syndrome. Classic Mendelian 
inheritance of CoA, however, has not been previously 
documented. In this report we have described a fam- 
ily in which CoA was traced through 4 generations 
in a pattern consistent with autosomal dominant 
inheritance. 
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BRIEF REPORTS: Brief Reports must be limited to no more than 3 
text pages and 6 references. Longer ones usually will be returned 
without review. Neither an abstract nor a Table of Contents miniabstract 
is required for a Brief Report. Subheadings are not used in the body of 
the Brief Report. 


LETTERS (For Publication): The author who submits a letter for 
consideration for publication should provide a covering letter on his/her 
own stationery to the Editor-in-Chief stating why the letter should be 
published. The letter for consideration for publication should be typed, 
double-spaced, on a separate sheet of plain white paper and limited, 
with few exceptions, to 2 pages. The original and 2 xerographic copies 
should be submitted. A title for the letter should be provided at the top 
of the page. At the end of the letter, the writer's full name and city and 
state (or country if cutside the United States) should be provided. The 
author's title and institution should not be included. The word ‘‘Refer- 
ences" does not appear above the list of references in published letters. 
References should be double-spaced. A letter concerning a particular 
article in the Journa! must be received (from authors within the United 
States) within 2 months of the article's publication. 


REPRINTS: Price schedules and order cards for reprints are mailed 


to the author upon publication of the article. Individual reprints must be 
obtained through the author. 
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K Transderm-Nitro 


is nitroglycerin 


All transdermal nitroglycerin products are being marketed pending final evaluation of 
effectiveness by the FDA. (See Brief Summary of Prescribing Information on the following page.) 


On the job round the clock 
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Transderm-Nitro* 
Pasian] fháapeüllo System 


BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION ; 
SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

This drug product has been conditionally approved by the 

FDA for the prevention and treatment of angina pectoris due 

to coronary yay disease. The conditional approval reflects 
t 


a determination that the drug may be marketed while further 

investigation of its effectiveness is undertaken. A final evalu- 

aoe ala effectiveness of the product will be announced by 
e FDA. 


CONTRAINDICATIONS - 
Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure 


WARNINGS 

In patients with acute myocardial infarction or congestive heart 
failure, Transderm-Nitro system should be used under careful 
clinical and/or hemodynamic monitoring. 

In terminating treatment of anginal patients, both the dosage and 
frequency of application must be gradually reduced over a period 
of 4 to 6 weeks to pm sudden withdrawal reactions, which are 
characteristic of all vasodilators in the nitroglycerin class. 
Transdermal ah e systems should be removed before 
attempting defibrillation or cardioversion because of the potential 
for altered electrical conductivity which may enhance the possi- 
bility of arcing, a phenomenon associated with the use of 
defibrillators. 


PRECAUTIONS 

Symptoms of hypotension, such as faintness, weakness or dizzi- 
ness, particularly orthostatic hypotension may be due to overdos- 
age. When these symptoms occur, the dosage should be reduced 
OF use of the product discontinued. 

Transderm-Nitro system is not intended for immediate relief of 
anginal attacks. For this purpose occasional use of the sublingual 
preparations may be necessary. 


ADVERSE REACTIONS 

Transient headaches are the most common side effect, especiall 
when higher doses of the drug are used. These headaches should 
be treated with mild analgesics while Transderm-Nitro therapy is 
continued. When such headaches are unresponsive to treatment, 
the nitroglycerin dosage should be reduced or use of the product 
discontinued. 

Adverse reactions reported less fre uently include hypotension, 
increased heart rate, faintness, flus ing, dizziness, nausea, 
vomiting, and dermatitis. These symptoms are attributable to the 
known Prarmacologic effects of nitroglycerin, but may be symp- 
toms of overdosage. When ny persist the dose should be 
reduced or use of the product discontinued. 


DOSAGE AND ADMINISTRATION 

werapy should be initiated with application of one Transderm- 
Nitro 5 system to the desired area of skin. Many patients prefer 
the chest; if hair is likely to interfere with system adhesion or 
removal, it can be clipped prior to placement of the system. Each 
System is designed to remain in place for 24 hours, and each suc- 
cessive application should be to a different skin area. Transderm- 
Nitro system should not be applied to the distal parts of the 
extremities. 

The usual dosage is one Transderm-Nitro 5 system every 24 
hours. Some patients, however, may require the Transderm-Nitro 
10 system. If a single Transderm-Nitro 5 system fails to provide 
adequate clinical response, the patient should be instructed to 
remove it and appiy either two Transderm-Nitro 5 systems or one 
Transderm-Nitro 10 system. More systems may be added as indi- 
cated by continued careful monitoring of clinical response. The 
Transderm-Nitro 2.5 system is useful principally for aprig 
the dosage gradually, though it may provide adequate therapy for 
some patients when used alone. 

The optimal dosage Should be selected based upon the clinical 
response, side effects, and the effects of therapy upon blood 
pressure. The greatest attainable decrease in resting blood pres- 
Sure that is not associated with clinical symptoms of hypotension 
especially during orthostasis indicates the optimal dosage. To 
decrease adverse reactions, the size and/or number of systems 
Should be tailored to the individual patient's needs. 

Do not store above 86°F (30°C). 


PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the Systems. 


HOW SUPPLIED 
Transderm-Nitro Total 

System Rated — Nitroglycerin System Carton 
Release in vivo — in System Size Size 


2.5 mg/24 hr 12.5 mg Scm? 30 Systems (NDC 0083-2025-26 
*100 Systems (NDC 0083-2025-30 
5 mg/24 hr 25 mg 10cm? 30 Systems (NDC 0083-2105-26 


*100 Systems (NDC 0083-2105-30 
10 mg/24 hr 50 mg 20cm? 30 Systems (NDC 0083-2110-26 
*100 Systems (NDC 0083-21 10-30 
15 mg/24 hr 75 mg 30cm? . 30Systems (NDC 0083-2115-26 
*100 Systems (NDC 0083-2115-30 


"Hospital Pack 100's 


Printed in U.S.A. — 629-2355-A C85-24 (Rev. 4/85) 
Dist. by: 
CIBA Pharmaceutical Company 


Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
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| From the publishers of the 
\ American Journal of Medicine 
i Jay S. Skyler, M.D., 
University of Miami School of Medicine 
\ George F. Cahill, Jr., M.D., 


Harvard Medical School and 
Howard Hughes Medical Institute 


—— essences 





60 internationally prominent contributors provide in 26 papers a comprehensive 
overview of the current thinking on the causes, mechanisms, treatment and com- 
plications of diabetes. 


Featured topics include: 


The causes of diabetic inheritance 

Immune factors of diabetes 

Mechanisms of diabetes (The culmination of 50 years of research) 
Autoimmunity 

New understandings in the mechanisms of insulin dependent and non- 
dependent diabetes mellitus 

New developments in the treatment of diabetes 

Methods of monitoring blood glucose and the use of glycosylated 
hemoglobin 

Pharmacology of oral hypoglycemics 

Use of insulin infusion devices 

Human insulin produced by recombinant DNA technology 


If it is important to you in your practice to Stay up-to-date on the latest develop- 
ments in Diabetes Mellitus and you need a quick reference on the topic, then this 
is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981, 234 pp., 0-914316-23-0, $35.00 
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. AJCK5 
Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 


Please rush me: 
C] ___mtmt_copy(s) of Diabetes Mellitus $35.00 (00023). 


O Enclosed is my check for which includes $1.50 for handling. Yorke pays postage. 
O Please bill me plus postage and handling. (U.S. and Canadian residents only.) 
C] Please bill my O VISA O MasterCard 


Card No. 
NRIUS IMEEM CMM CI LL ————————— CNW 


Exp.Date. — | M/C Interbank No. —— Ó— —— Qv D 
Signature harc c cR COCOS 
NAME MEME ACE IM n E A E NORERCRCI NONE: -- 
ADDRESS c -—————À—— ————— —— MRÉ 
CITY Se ee 
STATE ———————— ZIP 


Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders 
must be prepaid in U.S. funds with a check drawn ona U.S. bank or charged to a credit card. Please add $5.00 per book for all orders 
lo be shipped outside the U.S. and Canada. 
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CONTROL. 
EVERY STEP OF 
THE WAY. 


Introducing HEART-TRAK™ PTCA Catheter 
with the exclusive high-strength CLE™ Bal- 
loon, specially designed to provide precise 
control...from insertion, to inflation, to with- 
drawal. 

Even at maximum inflation pressures, our 
CONTROLLED LINEAR EXPANSION process 
assures a polyethylene balloon of maximum 
strength which consistently maintains its 
shape for a safe and effective dilatation. 

Its construction assures accurately con- 
trolled high pressure inflation with non-com- 
pliant symmetry and minimal distensibility 
... With the most consistently predictable 
balloon sizing of any balloon available. Even 
after repeated inflations. 

During insertion our specially treated 
polyethylene catheter provides the right com- 
bination of flexibility, smoothness, push force 
and trackability—allowing HEART-TRAK to 
easily negotiate tortuous vessels and sharp 
angulations. During inflation, our balloon 
gives you the confidence that the vessel will 
be dilated effectively and safely 


PTCA CATHETER 


Confidence in the most critical cases 


Mansfield 


135 FORBES BOULEVARD 

MANSFIELD, MASSACHUSETTS 02048 US.A. 
800 225-2732 (IN MASSACHUSETTS 617 339-4112) 
TELEX: 951959 


HEART-TRAK and CLE are trademarks of Mansfield 
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In most cases, 
our field service engineers 
are never more 
than 50 miles away. 


T here are still a few places an HP field service engineer 
can't reach in an hour. So when NASA chose the 
Hewlett-Packard ultrasound imaging system for Spacelab 4, 
they chose it for its reliability. You don't get second 
chances when you're hundreds of miles from earth. 

Reliability. Hewlett-Packard's pretesting practically 
guarantees it. Our tests exceed even the toughest NASA 
requirements. And HP ultrasound's remote diagnostic 
capabilities and self-testing features make system evalua- 
tion simple, comprehensive and dependable. Our track 
record here on earth proves it—99% average uptime in 
existing hospital installations. 

Your ultrasound system will never have to survive 
launch, orbit and reentry. But it will have to survive the 
even tougher tests of cost-effectiveness, upgradeability, 
image quality and long-term reliability. Achieving all this 
may seem an astronomical task for some. For HP, the 
achievement is a fact of life. 


To find out more about the complete line of Hewlett- 
Packard ultrasound imaging systems, write to: Inquiries 
Manager, Hewlett-Packard, Dept. A18, 3000 Minuteman 
Road, Andover, MA 01810. Or call your local HP sales 
office listed in the White Pages. 


; 





Hewlett-Packard offers two superior cardiac imaging systems with 
Doppler capabilities: the HP77020AC phased array imaging system 
and the HP77065AC mechanical imaging system. Both provide 
incomparable image quality and reliability. 


Kip HEWLETT 


PACKARD 
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; Hypertension 
. Newevidence for central control 





Catapres* 
(clonidine hydrochloride) 
Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- 
tency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevalua- 
tion of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood 
pressure and associated subjective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to discontinue therapy without 
consulting their physician. Rare instances of hypertensive encephalopathy and ™ 
death have been recorded after cessation of clonidine hydrochloride therapy. A 
causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
Operating machinery or driving, should be advised of the sedative effect. This 
drug may enhance the CNS-depressive effects of alcohol, barbiturates and 
other sedatives. Like any other agent lowering blood pressure, clonidine hydro- 
chioride should be used with caution in patients with severe corcnary insuffi- 
ciency, recent myocardial infarction, cerebrovascular disease or chronic renal 
failure. 

As an integral part of their overall long-term care, patients treated with 
Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 
ophthalmologic findings have been recorded with Catapres (clonidine hydro- 
chloride), in several studies the drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 

and sedation. Constipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely. (In 

Some instances an exact causal relationship has not been established.) These 
inciude: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- ^W 
malities in liver function tests; one report of possible drug-induced hepatitis ' 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride. Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 

failure, des n phenomenon; vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 

nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 

tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental ingestion of Catapres 
(clonidine hydrochloride) by severa! children from 19 months to 5 years of age. 
Gastric lavage and administration of an analeptic and vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 
30-minute intervals usually abolishes all effects of Catapres (clonidine hydro- 
chloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as O.1 
mg (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
1000 and unit dose package of 100. Also available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100. 
or complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim International GmbH y 


Reference: 


1. Pioneering Research in Hypertension: The Role of the Sympathetic Ner- 
vous System, film and monograph, Boehringer Ingelheim Ltd., 1982. 





Boehringer Boehringer Ingelheim Ltd. 
Ingelheim Ridgefield, CT 06877 
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(nadolol tablets) 
B. for Angina 





CORGARD® TABLETS 
Nadolol Tablets 


DESCRIPTION: Corgard ( nadolol) is a synthetic nonselective beta-adrenergic receptor 


blocking agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
degree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS 


: Cardiac Failure —Sympathetic stimulation may be a vital component 
supporting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, they can be used with caution in patients 
with a history of failure who are well-compensated, usually with digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of 
beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 
or discontinue nadolol (gradually if possible). 









Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing 
chronic use of nadolol, particularly in patients with ischemic heart disease, gradually 
reduce dosage over a l- to 2-week period and carefully monitor the patient. Reinstitute 
nadolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary 
insufficiency develops. Warn patients not to interrupt or discontinue therapy without 
_ physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients treated only for hypertension. 












Nonalle Bronchospasm (e.g., chronic bronchitis, emphysema ) — PATIENTS 
WITH ASTIC DISEASES IN GENERAL NOT RECEIVE BETA-BLOCKERS. 
Administer nadolol with caution since it may block bronchodilation produced by endoge- 
nous or exogenous catecholamine stimulation of beta; receptors. 

Major Surgery — Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
argum ipe protracted hypotension or low cardiac output, it has generally been suggested 
that such therapy should be withdrawn several days prior to surgery. Recognition of the 
increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before takes place. In emergency surgery, inform the anesthesi- 
ologist that the patient is on -blocker therapy. Use of beta-receptor agonists such as 
isoproterenol, dopamine, dobutamine, or levarterenol can reverse the effects of nadolol. 
Difficulty in restarting and maintaining the heart beat has also been reported with 
beta-adrenergic receptor blocking agents. 








premonitory signs and symptoms (e.g., tachycardia and blood pressure changes 

of acute hypoglycemia. This is especially important with labile ics. Beta-blockade 
also reduces release of insulin in response to hyperglycemia; therefore, it may be 
necessary to adjust dose of antidiabetic drugs. 

is — Beta-adrenergic blockade may mask certain clinical signs (e.g., 
tachycardia ) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic block- 
ade which might precipitate a thyroid storm, carefully manage patients suspected of 
developing thyrotoxicosis. 
PRECAUTIONS: Impaired Renal Function — Use nadolol with caution (see DOSAGE 
AND ADMINISTRATION section of package insert ). 

Information for Patients — Warn patients, especially those with evidence of coronary 
artery insufficiency, against interruption or discontinuation of nadolol without physicians ~ 
advice. cardiac failure rarely occurs in properly selected patients, advise 
patients being treated with beta-adrenergic blocking agents to consult physician at first 
sign of impending failure. Advise patients in event of missed doses. 

Drug Interactions — Concurrent administration may result in interactions with: 
Anesthetics, general —exaggeration of the hypotension induced by general anesthetics 
(see WARNINGS, Major Surgery). Antidiabetic drugs (oral agents and insulin) 
—hypoglycemia or hyperglycemia; adjust antidiabetic drug dosage accordingly (see 
WARNINGS, Diabetes and Hypoglycemia). Catecholamine—depleting drugs (e.g., 
reserpine ) —additive effect; monitor closely for hypotension and/or excessive bradycardia. 

Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years’ oral toxico- 
logic studies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 
2-year oral carcinogenic studies in rats and mice, nadolol did not produce neoplastic, 
preneoplastic, or nonneoplastic pathologic lesions. 

— |n animal reproduction studies with nadolol, evidence of embryo-and 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 
greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- 
tial was seen in any of these species. There are no well-controlled studies in pregnant 
women; therefore, use nadolol in pregnant women only if potential benefit justifies 
potential risk to the fetus. Neonates of mothers who received nadolol at parturition have 
exhibited bradycardia, hypoglycemia and associated symptoms. 

Nursing Mothers — Nadolol is excreted in human milk. Exercise caution when nadolol 
is administered to a nursing woman. 

Pediatric Use — Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute 
occurs commonly, and heart rates below 40 beats per minute and/or symptomatic 
bradycardia were seen in about 2 of 100 patients. Symptoms of peripheral vascular 
insufficiency, usually of the Raynaud type, have occurred in approximately 2 of 100 
patients. Cardiac failure, hypotension, and rhythm/conduction disturbances have each 
occurred in about 1 of 100 patients. Single instances of first degree and third degree 
block have been reported; intensification of AV block is a known effect of beta-blockers M 
(see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 
System — Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory — Bronchospasm reported in approximately 1 of 1000 patients (see CONTRA- 
INDICATIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal dis- 
comíort, constipation, vomiting, indigestion, anorexia, bloating and flatulence each 
reported in 1 to5 of 1000 patients. Miscellaneous — Each of the following reported in 1 to 
5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision; infrequent reversible alopecia. The following adverse 
reactions have been reported in patients taking nadolol and/or other beta-adrenergic 
blocking agents, but no causal relationship to nadolol has been established. Central 
Nervous System — reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place; short-term memory loss, emotional lability with slightly clouded 
sensorium; decreased performance on neuropsychometrics. Gastrointestinal — 
mesenteric arterial thrombosis; ischemic colitis; elevated liver enzymes. Hematologic — 
agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. Allergic — fever 
combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — pemphigoid rash; hypertensive reaction in patients with pheochromo- 
cytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 

OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
in addition to gastric lavage, employ the following measures as appropriate. In determin- 
ing duration of corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response ^N 
to vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported 
that glucagon may also be useful in this situation. 

Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. ( There is 
evidence that epinephrine may be the drug of choice.) 

Bronchospasm — Administer a beta;-stimulating agent and/or a theophylline derivative. 
DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg q.d.; may be gradually increased in 40 
to 80 mg increments at 3 to 7 day intervals until optimum clinical response or pro- 
nounced slowing of the heart rate; usual maintenance dose is 40 or 80 mg q.d. (doses up 
to 160 or 240 mg daily may be needed). If treatment is to be discontinued, reduce dosage 
gradually over a period of 1 to 2 weeks (see WARNINGS ). 

For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 40 or 80 mg q.d. (doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for 
dosage in these patients. 

For full prescribing information, consult package insert. 

HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per tablet in 
bottles of 100 and 1000 tablets and in Unimatic* unit-dose packs of 100 tablets. 








References: 1. Alexander JC, et al: Long-term experience with nadolol in the treatment of 
hypertension and angina pectoris. Am Heart J October Supplement 108 (4):1136-1140, 
1984. 2. Data on file, Squibb Institute for Medical Research. 
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Two-Dimensional Echocardiographic 
Diagnosis of Total Anomalous 
Pulmonary Venous Connection Below 
the Diaphragm 


PUI-KAN LIAO, MD 
WEN-JEN SU, MD 
JUI-SUNG HUNG, MD 


In cyanotic neonates, the presence of total anomalous 
pulmonary venous connection (TAPVC) often mimics 
pulmonary parenchymal disease, persistent fetal cir- 
culation and many other forms of cyanotic congenital 
cardiac malformations. In the last group with cardiac 
malformations, abnormalities of great arteries and in- 
tracardiac structures are readily identified by 2-di- 
mensional echocardiography (2-D echo). When 2-D 
echo with contrast medium reveals normal intracardiac 
anatomy and a right-to-left atrial or ductal shunt, dif- 
ferentiation of TAPVC from pulmonary parenchymal 
disease and persistent fetal circulation remains a 
problem. Although characteristic features of TAPVC 
in 2-D echo have been described, experience in appli- 
cation of this diagnostic tool to the infradiaphragmatic 
type of TAPVC is limited.!-* We report 2-D echocar- 
diographic findings of 2 neonates with infradiaphrag- 
matic TAPVC. 


Two-dimensional echo was performed in 2 cyanotic neo- 
nates with respiratory distress, aged 33 days (patient 1) and 
2 days (patient 2), respectively. The diagnosis of infradia- 
phragmatic TAPVC was confirmed by angiography and at 
operation in patient 1. Patient 2 died a few hours after the 
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echocardiographic examination before cardiac catheteriza- 
tion was performed. 

The patients were examined in the supine position with 
the transducer placed in the precordial, subcostal and su- 
prasternal positions. Standard echocardiographic views as 
described by Tajik et alë were obtained to assess the cardiac 
chambers, septa, cardiac valves, great arteries, great veins 
and the abdominal visceral situs. A Hewlett-Packard 
phased-array ultrasound system and an Aloca SSD 710 
mechanical sector scanner, both with a 5-MHz focused 
transducer, were used in each case, respectively. 

Two-dimensional echo in both patients showed normal 
ventricular and great artery anatomy with dilated right- 
sided heart chambers and the main pulmonary artery. The 
pulmonary valve showed typical motion of pulmonary hy- 
pertension on the M-mode display. An ostium secundum- 
type atrial septal defect and large patent ductus arteriosus 
were demonstrated in each case. The most striking finding 
in these 2 patients consisted of an enormously dilated venous 
channel, which ran posteroanteriorly in the craniocaudal 
direction within the liver on the longitudinal cut of the upper 
abdomen (Fig. 1A and 2A). It could easily be distinguished 
from the descending abdominal aorta and the normal-sized 
inferior vena cava (Fig. 1B and 2B). On the short-axis cut of 
the upper abdomen, this abnormal venous channel was lo- 
cated anterior to the inferior vena cava and the descending 
aorta near the midline but slightly to the left or right of the 
spine (Fig. 1C and 2C). Multiple communication between the 
abnormal venous channel and the intrahepatic veins (pre- 
sumably portal veins) was demonstrated. The abnormal vein 
showed no direct connection with the inferior vena cava. 

Despite presence of a small pulmonary vein-like structure 
joining the left atrium near the atrial septum in the subcos- 
tal view, no other pulmonary veins could be found. In 
view of these findings, infradiaphragmatic TAPVC was 
diagnosed. 


Diagnosis of TAPVC by 2-D echo depends on dem- 
onstration of absence of normal pulmonary venous 
connection to the left atrium, presence of a common 
pulmonary vein, and the exact mode of abnormal con- 
nection of the common pulmonary vein.!-^ In each of 
our patients, the diagnosis of infradiaphragmatic 
TAPVC was made because these criteria were satisfied. 





FIGURE 1. Two-dimensional echocardiogram from patient 1. A, longitudinal cut of the upper abdomen showing an enormously dilated descending 
vein (DV) in the liver. B, subcostal 4-chamber view showing the normal-sized inferior vena cava (IVC). C, short-axis cut of the upper abdomen showing 
communication of the descending vein with the portal veins. A — anterior; AO — descending aorta; Dp = diaphragm; | = inferior; L = left; P = posterior; 


PV = portal vein; R = right; RA = right atrium; S = superior; Sp = spine. 
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FIGURE 2. Two-dimensional echocardiography in patient 2. A, longitudinal cut of the upper abdomen showing an enormously dilated descending 


vein in the liver. B, normal-sized inferior vena cava draining into the right atrium. C, short-axis cut of the upper abdomen showing communication 


of the descending vein with the portal veins. Abbreviations as in Figure 1. 


In 1 patient the diagnosis was further confirmed at 
operation. 

Normal pulmonary venous connection to the left 
atrium can usually be identified by 2-D echo in 3 views: 
apical, subcostal and suprasternal.!?^ However, failure 
in demonstrating pulmonary venous connection to the 
left atrium cannot by itself be construed as evidence for 
abnormal pulmonary venous drainage. Hence, demon- 
stration of a dilated common pulmonary vein, usually 
behind the left atrium, is of paramount importance in 
the diagnosis of TAPVC. To achieve this, proper gain 
settings and careful scanning of the pulmonary veins in 
different echo planes by apical, subcostal and supra- 
sternal approaches are mandatory, lest a diagnosis of 
normal pulmonary venous drainage be falsely made. 
This is exemplified in our experience with both patients. 
When examined initially from the subcostal position, 
we had a false impression of normal connection of the 
right upper pulmonary vein with the left atrium. Visu- 
alization of a dilated descending common pulmonary 
vein in the liver with subsequent scanning provided a 
clue for the diagnosis of TAPVC. The small, alleged 
pulmonary vein most likely represented 1 of the hori- 


zontal veins behind the left atrium just above the dia- 
phragm. False connection of this pulmonary vein with 
the left atrium probably resulted from poor image res- 


olution in this particular subcostal view. In a deeper ^w 


subcostal cut of the long axis of the 2 atria, a mildly di- 
lated pulmonary venous confluence, clearly separated 
from the left atrium, was demonstrated. 
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Two-dimensional echocardiography (2-D echo) is 
helpful in evaluating anomalies of the aortic arch in 
newborns, but has several limitations in adults.! We 
examined the role of computerized tomography (CT) 
together with 2-D echo and continuous-wave (CW) 
Doppler scanning in the noninvasive evaluation of aortic 
coarctation. 


During the last 6 months we observed 5 patients, aged 8 
to 54 years, with coarctation of the aorta confirmed by an- 
giography. Three of them underwent surgery for elective 
repair by the subclavian flap technique. Two-dimensional 
echo was performed using a Diasonics 3400 R with a 2.5-MHz, 
phased-array transducer. A view of the aortic arch was ob- 
tained from the upper left sternal border and suprasternal 
notch. A continuous-wave Doppler echocardiogram was re- 
corded with a Irex-Pedoff system, with a 2-MHz ultrasonic 
frequency; the transducer was placed in the suprasternal 
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FIGURE 1. Two-dimensional echocardiographic image from the su- 
prasternal notch of the ascending aorta (Asc. Ao.), aortic arch and 
descending aorta. The level of coarctation (Coarct, arrow) is shown. 


notch in the first or second left intercostal space, with the 
probe directed toward the descending aorta. In the position 
in which the highest frequencies could be heard, peak ve- 
locity together with spectral analysis of the Doppler signal 
and electrocardiogram were recorded. As described previ- 
ously, maximal velocity across the obstruction can be used 
to calculate the pressure drop across the obstruction from 
the modified Bernoulli formula: p! — p? = 4v?, where v is 
maximal velocity in the jet and p! and p? are the pre- and 
postobstruction pressures. The CT examination was done 
with a General Electric 9800 system using very short scan 
times (1.3 seconds, partial scan, 2 seconds) and high-contrast 
resolution (image reconstruction 512 X 512). Multiple CT 
scans were obtained during the infusion of 150 ml of contrast 


FIGURE 4. Left, computerized tomo- 
graphic (CT) scan through the aortic 
arch. The difference in size between 
ascending (* *) and descending (*) aorta 
is conspicuous. Ectasia of both internal 
mammary arteries (black arrows) are 
visible. Crown-like collateral circles 
can be seen in front of the vertebral 
body (arrowheads). The anomalous 
course of azygos vein (white arrow) is 
shown. Right, CT scan at the level of 
the aortopulmonary window. The dif- 
ference in size between ascending (* *) 
and descending (*) aorta is even more 
conspicuous. Intercostal collateral 
circles responsible for rib notches are 
quite visible (arrow). 





FIGURE 2. Continuous-wave Doppler recording of the maximal velocity 
flow obtained in the descending aorta after the obstruction. The gradient 
is derived from peak velocity. 
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FIGURE 3. Relation between the systolic gradient obtained at cathe- 
terization and the pressure drop predicted by using simplified Bernoulli 
equation and continuous-wave (CW) Doppler (r = 0.94). 








FIGURE 5. Computerized tomographic scan at the level of the left 
atrium. Paraspinal collateral circles are bilateraly visible (arrows). 


medium from the thoracic inlet to the diaphragm. More scans 
were taken with less slice spacing and thickness in the aortic 
region. Sagittal, coronal and oblique reformatted CT images 
were also obtained. To better define the vascular structures 
of the chest wall, dynamic scanning at the tracheal bifurca- 
tion level was done with rapid injection of 40 ml of contrast 
medium. To confirm the previous data, pressure measure- 
ments and an aortogram were obtained in each patient under 
local anesthesia. 

Two-dimensional echo evidence of coarctation was clear 
enough for diagnosis in only 2 patients (Fig. 1) because of 
technical problems in the suprasternal approach. By CW 
Doppler a high velocity jet from beyond the coarctation was 
recorded in 4 patients (Fig. 2) and the pressure drop was 
measured. Figure 3 shows the good correlation (r = 0.94) 
between peak pressure drop using CW Doppler and cathe- 
terization data. 

CT scans (Fig. 4 and 5) provided 3 main types of infor- 
mation in all patients. These were: the shape and size of 
prestenotic and poststenotic aorta and great vessels; the 
amount of collateral circulation, which usually develops 
through the subclavian arteries (internal thoracic, transverse 
scapular) and intercostal arteries, the vertebral arteries and 


anterior spinal arteries; and the detection of other possible 
associated vascular anomalies. 


It is well known? that angiography is the ideal in- 
strument for the diagnosis and the surgical approach of 
aortic coarctation. Nevertheless, there are other non- 
invasive techniques that can be extremely useful in the 
definition of this malformation.! In the general popu- 
lation, chest x-rays can suggest the presence of aortic 
coarctation.? It is possible to recognize the “figure of 3” 
sign directly, or indirectly by the barium-filled esoph- 
agus. The frequency of visible rib notching correlates 
directly with age and inversely with the diameter of the 
coarctation measured in the resected specimen.* Glandy 
et al^ reported that chest film reveals aortic coarctation 
in 66% of patients. In our experience CT was much more 
useful for the direct visualization and anatomic defi- 
nition of all the different collateral roots. CT, sometimes 
together with 2-D echo, can anatomically determine the 
side and size of the obstruction. Although 2-D echo 
presents several technical problems in adults, it was 
nevertheless useful for the diagnosis of the bicuspid 
aortic valve, which is present in 85% of patients.5 The 
big gap between traditional hemodynamic evaluation 
and noninvasive techniques has been overcome by CW 
Doppler, which provides pressure drop values. Recently 
Wyse et al® have reported that a high correlation (r = 
0.85) was present between CW Doppler data and the 
arm-to-leg systolic blood pressure difference in 30 
children affected by coarctation. In our experience CW 
Doppler presented a better correlation (r = 0.94) with 
the invasive data. 
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Arrhythmias and Left Ventricular 
Function in Chronic Alcoholics 
with Alcoholic Cirrhosis 
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Arrhythmias have been reported to occur in chronic 
alcoholics both as a secondary phenomenon to an overt 
cardiomyopathy! or as a primary event in absence of 
myocardial dysfunction.” Alcoholics with normal car- 
diac function may have severe arrhythmias after acute 
alcohol ingestion with return to normal rhythm during 
abstinence.? Because depression of myocardial function 
and arrhythmias occur both in animals and man? after 
acute alcohol consumption, the relation between ven- 
tricular dysfunction and arrhythmias in chronic alco- 
holism is difficult to establish. The role of alcohol in the 
onset of arrhythmias in chronic alcoholics with no epi- 
sodes of acute ingestion and without overt alcoholic 
cardiomyopathy is also difficult to investigate because 
apparently healthy subjects may have arrhythmias.? We 
analyzed the arrhythmias and their relation to left 
ventricular (LV) function in a selected group of 
asymptomatic alcoholic patients with alcoholic cirrhosis 
and compared the findings with those from healthy 
nonalcoholic subjects. 


Between April 1984 and September 1984, 12 chronic al- 
coholics, 7 men and 5 women, were studied at the Depart- 
ment of Medicine of Padua Medical Center. The patients' 
mean age was 37 years (range 30 to 45) and the criteria for 
admission in the study group were: consumption of 160 g/day 
of ethanol for at least 5 years; no evidence of congenital or 
acquired heart disease, lung disease, hypertension or dia- 
betes; no therapy with cardiac medication or antiarrhythmic 
drugs; results of physical examination, electrocardiography 
and chest x-rays within normal limits; age younger than 45 
years; and histologically ascertained hepatic damage 
(chronic alcoholic hepatitis in 6 patients and alcoholic cir- 
rhosis in the remaining 6). 

Twenty-four-hour Holter electrocardiograms, systolic time 
intervals and M-mode echocardiograms were recorded in 
each subject after 6 to 10 days (mean 7) of abstinence. On the 
day of Holter recording, serum potassium, calcium and (in 
7 patients) magnesium levels were measured. Potassium and 
calcium levels were borderline, decreased or normal. The 
magnesium levels were slightly decreased in 2 alcoholic 
patients. 

An age-matched control group of 10 nonalcoholic subjects 
(6 men and 4 women), selected among physicians and nurses 
of our department , underwent the same investigation except 


ae 


From the City Hospital of Padua, | Medical Department, Cardiology 
Department, and Padua University, | Department of Medicine, 35100 
Padua, Italy. Manuscript received December 28, 1984; revised manu- 
script received and accepted May 3, 1985. 


for the liver biopsy. Criteria of inclusion in the control group 
were absence of history of cardiovascular disease or symp- 
toms and results of physical examination, electrocardiog- 
raphy and chest x-rays within normal limits. 

Qualitative ventricular ectopy was described as uncom- 
plicated (unifocal or uniform ventricular complex) and 
complicated (multiform or multifocal ventricular complexes, 
couplets, 3 or more consecutive ventricular premature beats 
and R-on-T phenomenon). Quantitative ventricular pre- 
mature beats were classified as: not frequent (less than 30 
beats/hour) and frequent (more than 30 beats/hour). 

In the alcoholic group, 1,345 ventricular premature com- 
plexes and 41 supraventricular ectopies were found (Table 
I). Ventricular arrhythmias occurred in 5 of 12 patients 
(42% ). The only patient of these 5 with frequent ventricular 
premature complexes also had complex arrhythmias, 
whereas the other 4 had occasional and simple ventricular 
premature complexes (Fig. 1). In the control group, 27 su- 
praventricular and 1,234 ventricular complexes were de- 
tected (Table I). Only 3 patients (30% ) in this group had 
arrhythmias: 2 had simple and occasional arrhythmias and 
only 1 patient had complex and frequent arrhythmias. 

The mean value of echocardiographic indexes (shortening 
fraction, ejection fraction, LV diastolic thickness to radius 
ratio®) was normal and there was no significant difference 
in the 2 groups (Table II). The preejection period (PEP) 
corrected for heart rate according to the method of Weissler 
et al? was significantly longer in alcoholics (p < 0.05) (Table 
III), but ejection time index was not different in the 2 groups. 
The PEP/LV ejection time ratio was slightly increased in 
alcoholics, but was not statistically significant (p >0.10) 
(Table III). 

The polygraphic and echocardiographic data were ana- 
lyzed with the Student t test and F test. The comparison of 
the incidence of arrhythmias in the 2 groups was based on 
the x2 analysis with the Yates correction. 


Our data suggest no difference in the rhythm dis- — 


turbances occurring between chronic alcoholics without 
acute influence of alcohol and those found in normal 
persons. The distribution of arrhythmias was not sta- 


Nie 


complex 


A N 


12 

N 

10 

9 

8 

7 

6 

: NS 

4 SS SS 

| RES : 

| Ne \ 
us Bk 


Vdd 


wee ea 
DoD 

wee ee 
oe ene 
eee 

DODOC 





total frequent occasional simple 
ventricular 


ectopies 


FIGURE 1. Ventricular arrhythmias in the alcoholic (A) and control (N) 


groups. 
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TABLE! Arrhythmias Observed in Chronic Alcoholics and in Normal Subjects 


Arrhythmic Arrhythmogenic Premature 

| Subjects Events Complexes 
A 10 (8396) 7 (5796) SVE SVE = 41 

(n = 12) 5 (42%) VE VE = 1,345 
N 7 (70%) 6 (60%) SVE SVE = 27 

(n = 10) 3 (30%) VE VE = 1,234 


Te PTT NETTEN TE E a T Y 9 
Ventricular Arrhythmias 
rci eT dco ox CS le one Fats M ELIT EI 
Occasional Frequent Simple Complex 
4 (3396) 1 (896) 4 (3396) 1 (896) 
2 (2096) 1(10%) 2 (20%) 1(10%) 


A = alcoholics; N = normal subjects; SVE = supraventricular ectopies; VE = ventricular ectopies. 


TABLE Statistical Analysis on Echocardiographic Data 


Parameters Mean Variance SD 
p 
' Dd A 46.8 25.2 5.0 
N 45.4 27.7 5.3 
Ds A 29.4 11.2 3.3 
N 28.0 13.8 3.7 
A 10.9 2.9 T7 
LVWId N — 103 1.3 11 
A 9.8 1.2 1.1 
| OMT, Sgr”. ee 13 11 
r N 0.45 4.9E-03 0.07 
SF% A 0.37 1.4E-03 0.04 
" N 0.38 1.2E-03 0.03 
EF A 0.62 1.5E-03 0.04 
N 0.63 2.0E-03 0.04 


Student 

F Test p t Test p 

1.10 NS 0.62 0.70 
1.24 NS 0.94 NS 
2.26 NS 0.92 NS 
1.08 NS 0.07 NS 
1.00 NS 0.19 NS 
1.17 NS 1.07 NS 
1.33 NS 0.63 NS 


A = alcoholics; Dd = diastolic diameter: Ds = systolic diameter; EF = ejection fraction; LVWTd = left 
ventricular diastolic thickness to radius; N = normal subjects; NS = not significant; SD = standard deviation: 
SF% = left ventricular percent fractional shortening; SVT = supraventricular tachycardia; Th/r = thickness 


to radius ratio. 


TABLE Ill Statistical Analysis of Polygraphic Data 
Student 
Parameters Mean Variance SD F Test p t Test p 

Age i ae e 25 2.21 NS 0.05 NS 
HR io aaa ae 1.78 NS 0.19 NS 
PEPI Nae 2 beg 1.92 NS 2.09 0.05 
ven o faa 14 1.09 NS 0.10 NS 
PEP/LET Doo, Ran Tu T. 22 1.93 NS 1.42 NS 


A = alcoholics; HR = heart rate; L VETI = left ventricular ejection time index; N — normal subjects; 
NS = not significant; PEPI = preejection period index; SD — standard deviation. 


tistically different (p >0.90) in the 2 groups. Ventricular 
arrhythmias occurred in 5 alcoholics and in 3 healthy 
subjects, but frequent and complicated arrhythmias 
occurred in only 1 subject in each group. Our data are 
in agreement with those recently reported by Greenspon 
et al? and Zoneraich et al,® who showed that chronic 
alcoholics not under the influence of acute alcohol in- 
gestion do not have significant arrhythmias. 
Myocardial contractility (ejection and shortening 
fraction) were normal. In our series, the lack of any in- 
crease in wall thickness, considered by some investiga- 
tors9? as a sign of initial alcoholic cardiomyopathy, may 
be explained by the relatively younger age of our pa- 
tients compared with others,® or possibly to a different 


kind of alcohol ingested. The population of English- 
speaking countries is more inclined to drink liqueurs 
rather than wine; wine is the most common alcoholic 
drink in the Mediterranean areas. 

The discrepancy between the abnormality of systolic 
time intervals and the normal values of echocardio- 
graphic indexes has also been noted by Askanas et al.10 
They postulated decreased compliance of the hyper- 
trophied left ventricle as the probable cause for the 
abnormal systolic time intervals. Our data do not appear 
to support his hypothesis, because in our patients the 
thickness of the left ventricle was not increased. In 2 
alcoholic patients, the PEP index was clearly prolonged 
(154 ms), but neither patient had significant arrhyth- 
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mias. However, the only patient with complex and fre- 
quent arrhythmias also had a significant prolonged PEP 
index (147 ms). 

Despite the small number of patients examined, our 
impression, based on the results obtained, is that the 
arrhythmogenic role of alcohol if not acutely ingested) 
is relatively unimportant. Our study confirms the 
finding that chronic alcoholics have an incidence of 
arrhythmias similar to normal subjects. 
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Left Ventricular Thrombi in Association 
with Normal Left Ventricular Wall 
Motion in Patients with Malignancy 


THOMAS S. DeGROAT, MD 
R. PARAMESWARAN, MD 
PAUL M. POPPER, MD 
MORRIS N. KOTLER, MD 


The ability of 2-dimensional echocardiography to 
demonstrate intraventricular thrombi has stimulated 
interest in the natural history of thrombi and their po- 
tential to embolize.| Since most intraventricular 
thrombi occur in conjunction with regional wall motion 
abnormalities, their occasional association with normal 
ventricular motion and the possible role in systemic 
embolization in such patients has not been emphasized. 
We report left ventricular (LV) thrombi in 2 patients 
with normal LV wall motion who had embolic events. 


Case 1: A 43-year-old man with myelogenous leukemia, 
without a history of cardiac disease, was admitted with 
sudden onset of pain and numbness in both legs. Both legs 
were cold, pale and pulseless. Findings of cardiac examina- 
tion were normal. The electrocardiogram was normal except 
for nonspecific T-wave abnormalities. The white cell count 
was 29,800 mm? with 21% eosinophils. Angiography con- 
firmed embolic occlusion of both popliteal arteries. A Fogarty 
embolectomy was performed and large clots consisting of 
organizing thrombus with fibrin and red cells were recovered. 
An echocardiogram revealed normal cardiac valves and 
cardiac chambers. A large, mobile thrombus was noted within 
the left ventricle. LV wall motion was normal and the en- 
docardium appeared normal (Fig. 1, A and B). Intravenous 
heparin administration was started. Several weeks later, 
embolic occlusion of the right femoral artery occurred, again 
requiring embolectomy. Repeat echocardiography revealed 
the thrombus to have decreased in size. Wall motion re- 
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mained normal. The patient's recovery was uneventful and 
he was discharged on warfarin therapy. 

Case 2: A 57-year-old woman with metastatic oat cell 
carcinoma of the right lung was admitted with a pathologic 
fracture of the right femur. There was no history of cardio- 
vascular disease. Cardiovascular examination was normal. 
The hemoglobin was 8.7 g/dl. The white blood cell count was 
normal. The electrocardiogram showed nonspecific ST-T 
abnormalities. After surgery for the pathologic fracture, 
tachycardia developed. An echocardiogram revealed normal 
LV wall motion and a mobile apical thrombus (Fig. 1, C and 
D). Intravenous heparin was begun, but several hours later 
she had sudden right hemiplegia. A computed tomographic 
scan was normal. A repeat echocardiogram showed a signif- 





FIGURE 1. A and B, representative diastolic frame of 2-dimensional 
echocardiography in case 1. Note the large thrombus (T) (arrows) within 
the left ventricle (LV). B and C, a pedunculated apical thrombus in case 
2. LA = left atrium; RA = right atrium; RV = right ventricle. 
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icant decrease in the size of the thrombus. A diagnosis of 
cerebral embolism was made and anticoagulant therapy was 
continued. The patient’s condition progressively deteriorated 
and she died 2 weeks later. 


In the 2 patients described, the findings were typical 
of thrombi; however, in contrast to previous studies, 23 
the LV wall motion was normal. The occurrence of 
systemic emboli was confirmed in case 1 and appeared 
highly likely in case 2. Both patients had a marked de- 
crease in the size of the LV thrombus after the embolic 
events on follow-up echocardiographic studies. AI- 
though the relative role of thrombus mobility could not 
be adequately defined, it appears reasonable to assume 
that normal ventricular systolic function was a con- 
tributing factor in causing emboli. 

The mechanism of development of thrombi in the 
presence of normal ventricular wall motion is unclear, 
but it is notable that both patients had an underlying 
malignant disease that was associated with an increased 
incidence of thrombosis.* In addition, in case 1 there was 
marked eosinophilia, which in the setting of idiopathic 
hypereosinophic syndrome has been associated with 
intracardiac thrombi and embolism.5 

Prior studies have suggested that 2-dimensional 
echocardiographic studies are of limited value in the 
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assessment of patients with systemic embolic without 
clinical evidence of underlying heart disease.® Our ob- 
servations in these 2 patients suggest that 2-dimensional 
echocardiography may be of value even if underlying 
heart disease is not suspected. This may be particularly 
true in patients with an underlying malignancy. The 
combination of LV thrombi and normal wall motion 
may increase the likelihood of subsequent embolic 
events. 


Acknowledgment: We gratefully acknowledge the assis- 
tance of Harriet Yankowitz in the preparation of this 
manuscript. 
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Benign Intracardiac Thyroid Mass 
Causing Right Ventricular Outflow 
Tract Obstruction 


RICHARD J. SHEMIN, MD 
JAMES D. MARSH, MD 
FREDERICK J. SCHOEN, MD, PhD 


The presence of thyroid tissue within the heart is rare. 
Most reports have described intracardiac metastases 
from thyroid carcinoma. Herein we describe for the first 
time a benign intracardiac thyroid mass that was suc- 
cessfully excised. 


A 58-year-old woman with past systemic hypertension was 
noted to have a systolic ejection murmur at age 52 years. By 
age 58 years the intensity of the murmur had increased to 
grade 4/6 and was present along the left sternal border. It 
radiated to the upper sternal area, and an associated pal- 
pable thrill was present. The second heart sound was single. 
The patient had noted recently a slight decrease in exercise 
tolerance. Chest radiograph revealed a normal-sized heart, 
clear lungs and a prominent main pulmonary artery. The 
electrocardiogram revealed borderline right ventricular 
hypertrophy. On admission to the hospital, a 2-dimensional 
echocardiogram demonstrated a 2.5 X 1.5 cm, ovoid right 
ventricular (RV) outflow tract mass attached to the RV side 
of the ventricular septum, proximal to the pulmonary valve 
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with possible involvement of the cusps. During the cardiac 
cycle, the mass moved with a ball valve-like motion. The 
heart was normal in size, configuration and chamber size 
(Fig. 1). The patient underwent surgical exploration with use 
of cardiopulmonary bypass. The pulmonary artery was 
opened, revealing the ovoid mass herniating through the 
pulmonary valve (Fig. 1). The valve cusps were normal. By 
retracting the valve cusps, the mass was visualized, origi- 
nating just below the pulmonary valve and extending down 
along the ventricular septum with a broad base. The mass 
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FIGURE 1. Left, frame from 2-dimensional echocardiographic study x 


showing a round mass in the right ventricular outflow track (seen as an 
echo-dense round mass near center of this frame). Upper right, intra- 
operative photograph of the mass (arrow) being delivered into the 
surgical field through the pulmonary valve. Lower right, the excised 
mass with a muscular margin from the attachment to the ventricular 
septum. 
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FIGURE 2. A, gross and histologic appearance of surgically resected cardiac thyroid mass. Left, external surface; right, cut surface. The appearance 
of the sectioned surface strongly resembles that of the normal thyroid gland. B, photomicrograph showing myocardium (M) at left, adjacent to large 
colloid-containing follicles resembling thyroid (T). C, photomicrograph showing large follicles and the peripherally scalloped colloid (arrowheads) 
characteristic of hyperplastic thyroid. Hematoxylin-eosin stain; X 325, reduced 35%. 


was excised with a margin of normal muscle on the ventric- 
ular septum (Fig. 1). The patient recovered uneventfully. 
The excised mass was “rubbery” and measured 2 X 2 X 1 cm 
(Fig. 2). The external surface of this mass had a dense fibrous 
_ capsule. Microscopically, the mass was composed of thyroid 
tissue that had variations in follicular size, focal hemor- 
rhage, fibrosis, and calcific and cholesterol deposits consis- 
tent with adenomatous hyperplasia. It was not neoplastic 
and it was consistent with an intracardiac ectopic rest. 

Thyroid function tests revealed a T4 of 8.6 mg% (normal, 
5 to 11 mg% ), a thyroid binding globulin index of 0.95 (nor- 
mal, 0.85 to 1.10) and a thyroid stimulating hormone of 2.5 
uU/ml (normal, less than 5 U/ml). A 1®I scan revealed a 
normal thyroid gland in the neck and no evidence of other 
ectopic foci. 


This is the first recorded case of a benign thyroid rest 
of the RV outflow tract found during life. A previous 
case was found at autopsy in a 51-year-old woman with 
a systolic murmur.! The patient died of cerebral an- 
gioblastoma; at autopsy she was found to have a 4 X 5 
— X 6 cm mass originating from the RV aspect of the 
ventricular septum, just below the pulmonary valve and 
the mass obstructed the RV outflow tract. It too was 
composed of benign thyroid tissue. She had a normal 
thyroid gland. 


With the exception of our patient and the one re- 
ported by Rogers and Kesten,! all studies of intracardiac 
thyroid tissue have reported metastases. A solitary 
thyroid metastasis to the heart has not been reported. 
Both cases of benign ectopic thyroid rests originated 
from the right side of the ventricular septum. During 
the patients' middle age, they grew to a significant de- 
gree to cause RV outflow tract obstruction and a clinical 
systolic ejection murmur. Both patients had a normal 
thyroid gland in the neck. The patient described in this 
report had normal thyroid function. The RV outflow 
tract is often a site for symptomatic cardiac metastatic 
tumors and thyroid carcinoma frequently metastasizes 
to the heart. Although the potential for malignant 
transformation of intracardiac ectopic thyroid would 
seem to exist, primary thyroid cancer of the heart has 
not been reported.? Thus, the presence of thyroid tissue 
in the heart does not portend a poor prognosis; complete 
resection is indicated and the condition is curable. 
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Transvenous pacemaker electrodes and any other 
central venous catheter may cause superior vena cava 
(SVC) thrombosis. When more than 1 pacemaker 
electrode is present, contact between the electrodes 
accentuates the thrombotic tendency and may cause 
local injury and stenosis of the vessel. We present a 
patient in whom 2 pacemaker electrodes caused stenosis 
and thrombosis of the SVC, and the obstruction was 
subsequently successfully treated with streptokinase 
and transluminal angioplasty. 


A 71-year-old woman had a permanent transvenous 
pacemaker implanted through the right cephalic vein in 1968 
because of complete atrioventricular block. In April 1981,a 
second wire was inserted, using the left cephalic vein because 
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FIGURE 1. Left, upper extremity venogram with subtotal occlusion of 
the superior vena cava near the right atrium (arrow). The azygous vein 
is distended. Right, postangioplasty venogram showing wide patency 
of the superior vena cava at the previous site of stenosis (arrow, lateral 
projection). 


of malfunction of the original lead, which was left in place. 
The patient did well for 4 months until August 1981, when 
she awoke with nasal stuffiness and dyspnea, and noted 
swelling of her eyelids and lips. Cyanosis of the lips, blurred 
vision and headache were also present. The blood pressure 
was 145/105 mm Hg, pulse 76 beats/min and respirations 32 
breaths/min. Cyanosis and nonpitting edema of the head and 
thorax were seen. There was pronounced jugular venous 
distention. Chest roentgenogram on admission showed 2 
pacing electrodes, their tips in the right ventricular apex and 
1 of the electrodes attached to its battery pack in the left 
infraclavicular area. The other electrode had been ampu- 
tated; its free end was below the right clavicle. Bilateral 
upper-extremity venograms showed extensive thrombosis 
of the left brachiocephalic and right subclavian veins. The 
clot extended into the SVC. The patient was treated with 
streptokinase for 48 hours, heparin therapy for 1 week, and 
discharged on warfarin sodium after a venogram showed 
patency of the subclavian and innominate veins and SVC. 

The patient did well for 30 months, until April 1984, when 
she again presented with symptoms of SVC obstruction. A 
venogram showed occlusion of the SVC. Fibrinolytic therapy 
was again administered. No relief of the signs or symptoms 
had occurred at 48 hours and a repeat venogram showed 
thrombosis and stenosis at the SVC (Fig. 1, left). Percuta- 
neous transluminal angioplasty was performed, initially 
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using a balloon 4 cm long and 12 mm in diameter. After suc- 
cessful dilation, a 20-mm balloon was placed at the stenosis 
and the area was again dilated. A repeat venogram after the 
angioplasty showed that the SVC was widely patent (Fig. 1, 
right). No pulmonary emboli were encountered after the 
procedure. The patient was discharged in an asymptomatic 
state after a 12-day hospitalization. She has had no further 
symptoms in 10 months. 


The first report of a complication of pervenous pacing 
was reported by Prozan et al in 1968.! They described 
a patient who died of multiple pulmonary emboli. On 
autopsy, the source was identified as clot on the pacing 
wire. Occasionally, the innominate or subclavian vein 
will be obstructed after pacemaker insertion. Studies 
have reported an incidence of partial obstruction of 
these vessels of between 31 and 5090.2? Up to one-third 
have total occlusion.? Clot may extend into the SVC, but 
total occlusion here is rare and development of the SVC 
syndrome is even rarer. Frequently, a malfunctioning 
pacing wire cannot be removed from the right ventricle 
because of fibrous entrapment. If a second wire is in- 
serted, stenosis of the vessel may occur at the site of 
their intersection. Removal of the wire and anticoagu- 
lation therapy has been used to prevent further 
thrombosis and to allow time for development of col- 
lateral flow in patients with partial or complete occlu- 
sion. This may be effective, even in patients with SVC 
syndrome. Thrombolytic therapy has been used suc- 
cessfully, although recurrent thrombosis at a later date 
is frequently seen, and is particularly common in cases 
where stenosis of the SVC is present in addition to 
thrombosis.* Insertion of a bypass graft is an alternative 
therapy. 

Transluminal angioplasty has been used in the infe- 
rior vena cava to dilate stenoses in 5 patients with the 
Budd-Chiari syndrome.? Angioplasty is also helpful in 
dilating congenital or postoperative venous channels.® 
If the obstruction of the vena cava is purely stenotic or 
even associated with thrombus, angioplasty may be 
helpful. If a single balloon is not large enough, 2 or more 
balloons can be easily used. 
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Diagnosis of Cardiac Tumors in Infants 
by Magnetic Resonance Imaging 
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Primary cardiac tumors in infancy are rare, with an 
estimated necropsy incidence of 0.027%.! Traditionally, 
cardiac catheterization has been used to establish and 
confirm the diagnosis of intracardiac tumors.” Recently, 
2-dimensional (2-D) echocardiography has proved to 
be a reliable, noninvasive tool for diagnosis.? We report 
the use of magnetic resonance imaging (MRI) for eval- 
uation of 4 infants with intracardiac tumors. In each 
patient, detailed visualization of the intracardiac mass 
was achieved using an electrocardiogram-gated MRI 


technique. 


MRI was performed with a commercially available su- 
perconducting magnetic (Technicare, Inc.) operating at 
0.6-tesla field of strength. A multislice technique affording 
up to 16 adjacent 0.75- to 1-cm sections, depending upon the 
repetition time (TR), was used and the images were recon- 
structed with a 2-D Fourier transformation technique. The 
reconstruction matrix was 128 vertical by 256 horizontal 
pixels with 256 gray levels. All patients were imaged in co- 
ronal, transverse, sagittal and left anterior oblique planes 
using the multislice technique. Spin-echo pulse sequences 
were obtained with echo delay times of 30 ms. The TR (in ms) 
was set according to each patient’s heart rate, by the formula 
(60,000/HR) — 50, with most TR varying between 500 and 
1000 ms. 

All images were gated using a Hewlett Packard telemeter. 
The transmitter was placed adjacent to the patient just 
outside the coil and the receiver was located in the control 
room. All sequences were initiated on the R wave of the 
electrocardiogram. All patients were sedated with in- 
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FIGURE 2. Left, patient 2. Sagittal view revealing the right 
ventricular tumor (arrow) attached to the apical region 
of the ventricular septum. Right, transverse section at the 
level of the ventricles in the same patient. The tumor 
(arrow) adheres to the ventricular septum and is free from 
the right ventricular anterior wall. LV — left ventricle. 


| — November 1, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 831 


tramuscular meperidine (2 mg/kg), promethazine (0.5 
mg/kg) and chlorpromazine (0.5 mg/kg), given 1 hour before 
the procedure. 

At the time of presentation, all patients had undergone 
2-D echocardiography which established the diagnosis of an 
intracardiac tumor. Patient age at MRI study ranged from 
3to 12 months. The site of the tumor was the right ventricle 
in 2 infants, right atrium in 1 infant and left ventricle in 1. 
Two infants had tuberous sclerosis. One patient (no. 1) had 
surgery, at which time a rhabdomyoma was removed from the 
right ventricle. Three patients are currently asymptomatic 
and 1 patient (no. 4), with a left ventricular tumor, died 
suddenly at age 13 months. 

The electrocardiogram-gated MRI technique afforded 
excellent visualization of the extent and site of attachment 
of the tumor in all 4 patients. In patient 1, with a right ven- 
tricular tumor, MRI revealed a well circumscribed elliptical 
mass attached to the right ventricular anterior wall (Fig. 1). 
In patient 2, the right ventricular tumor was confined to the 
apex of the ventricle and was attached to the ventricular 
septum (Fig. 2). 

In patient 3, with a right atrial tumor, the mass was well 
seen on transverse and coronal views. The MRI study showed 
a large, solitary, spherical mass attached to the lateral wall 
of the high right atrium near the entry of the superior vena 
cava (Fig. 3). 

In patient 4, with a left ventricular tumor, the MRI study 
revealed a large left ventricular mass bulging into and sig- 
nificantly compromising the volume of the ventricular 





FIGURE 1. Transverse magnetic resonance image at the level of the — 
ventricles. The tumor (T) in the right ventricular cavity is attached to the 
right ventricular anterior wall. LV — left ventricle. 
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chamber (Fig. 4). The tumor was noted on all imaging planes, 
but was best visualized on the transverse and coronal 
views. 


Previous studies have shown that electrocardio- 
gram-gated MRI is a safe, noninvasive technique that 
produces accurate, detailed visualization of intracardiac 
anatomy in many congenital cardiac defects.^^? MRI is 
ideally suited for cardiovascular studies because of the 
naturally occurring high degree of contrast between 
moving blood and the more stationary cardiac tissues. 
An additional advantage, especially in infants and 
children, is the lack of need for intravenous contrast 
agents or exposure to ionizing radiation. 

À recent study in adults and children has established 
the validity of MRI in the evaluation of cardiac and 
. paracardiac masses. In that report, an 18-month-old 
child with a congenital cardiac tumor was presented. In 
the current study, with the use of electrocardiographic 
gating, high-resolution images of intracardiac tumors 


FIGURE 3. Left, patient 3. Coronal view revealing a 
spherical mass (arrow) in the high right atrium. Right, 
transverse 4-chamber image of the same patient. The 
tumor (arrow) adheres to the right atrial wall and protrudes 
into the right atrial cavity (RA). 


FIGURE 4. Left, patient 4. Coronal image showing a large 
left ventricular tumor (T) compressing the left ventricular 


same patient revealing the large left ventricular tumor. 


and their relation to normal cardiac structures were 
obtained in 4 infants. Because a wider field of view can 
be obtained and the quality of images is not adversely 
affected by adjacent lung tissue and bone, the MRI 
technique afforded excellent delineation of the intra- 
cardiac masses. 
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cavity (LV). Right, transverse 4-chamber image of the 
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Cardiac Hydatid Cyst Simulating 
Tricuspid Stenosis 
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Cardiac echinococcosis is rare, occurring in only 0.5 to 
2% of patients with echinococcal disease.! Echocardi- 
ography has been used to diagnose and detect intra- 
cardiac echinococcosis.?? We present a patient with 
ventricular septal hydatid cyst, diagnosed by 2-di- 
mensional echocardiography, simulating tricuspid 
stenosis. 


A.P., a 23-year-old woman, was admitted complaining of 
dyspnea on exertion, cough and hemoptysis for 3 months. 
She was in no distress. The blood pressure was 110/70 mm 
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FIGURE 1. A, tricuspid valve showing tricuspid stenosis on M-mode 
echocardiography. B, simultaneous recording of electrocardiogram, 
phono- and jugulogram. Note the 2 different diastolic murmurs on phono 
and prominent a waves on jugulogram (JVG). 
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Hg. The neck veins were distended and the a wave was 
prominent. The lungs were clear. A musical diastolic murmur 
was heard at the left, second and third intercostal area. The 
electrocardiogram showed sinus tachycardia, right atrial 
enlargement and incomplete right bundle branch block. 
Telecardiography showed a prominent right atrial border, 
mild cardiomegaly and decreased pulmonary vasculature. 
Tricuspid stenosis was diagnosed by M-mode echocardiog- 
raphy (Fig. 1). Two-dimensional echocardiography disclosed 
a large cystic tumor with multiple septa on the upper part 
of the ventricular septum, protruding into the right ven- 
tricular cavity and obstructing the tricuspid valve (Fig. 2). 
Phonocardiography and jugulography showed a prominent 
a wave, early decrescendo and mid-diastolic murmurs (Fig. 
1). Right ventricular cineangiography, at which radiopaque 
material was given in the right atrium, showed 3 lobulated 
masses protruding into the right ventricle (Fig. 3). The right 
atrial pressures were elevated. Right ventriculotomy under 
total cardiopulmonary bypass was performed. A 5 X 3 cm 
cyst was found under the septal leaflet of the tricuspid valve, 
localized in the upper third of the ventricular septum. The 
valve was intact. Numerous germinative membranes and 
daughter cysts were seen in the cystic cavity. There was no 
ventricular septal defect at the region where the cyst was 
based. All of the daughter cysts were removed. After resection 
of the excess of the pocket, it was closed with Teflon* pledget 
sutures. The heart began to pump spontaneously. On the 
second postoperative day, pulmonary edema developed and 
she died 60 hours after the operation. 





FIGURE 2. Top, 2-dimensional echocardiogram in the short-axis view 
showing the multiseptated cystic structure (arrows) located on the in- 
terventricular septum. Bottom, apical 4-chamber view showing the 
same structure (arrows) just under the tricuspid valve. LA = left atrium; 
LV = left ventricle; MV = mitral valve; PE = pericardial effusion; RA 
= right atrium; RV = right ventricle. 
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FIGURE 3. Angiographic study of the patient. Posteroanterior view 
shows 3 lobulated structures in the right ventricle. 


Necropsy revealed no ventricular septal defect or cardiac 
tamponade. The tricuspid valve was intact. The left lung was 
solid and several cysts were removed from the left main 
pulmonary artery and its branches. The right lung was seen 
partially expanded; one of 2 blebs on it had ruptured. 
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Although there are many reports about hydatid cysts 
obstructing right ventricular outflow tract, cases with 
tricuspid valve obstruction are rare.!6 In our patient, 
the cyst was located in the upper third of the ventricular 
septum of the right side of the heart and simulated tri- 
cuspid stenosis. Multiple emboli caused subacute and 
acute pulmonary hypertension and finally fatal pul- 
monary insufficiency. 


Acknowledgment: We gratefully acknowledge the curi- 
osity of our echo technician, Ayten Solak, who called our at- 
tention to the case. 
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Echocardiographic Detection 
of Circulating Blood 
in Normal Canine Hearts 
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Experimental studies by Sigel et al! show that blood is 
echogenic in vitro. The echogenicity of blood also has 
been demonstrated in vivo but has always been related 
to reduced blood flow during, for example, left ven- 
tricular aneurysm? and left atrial dilatation secondary 
to long-standing mitral valve disease.? In the same way, 
it is possible to observe homogeneous echoes of low 
acoustic density that are due to blood stasis in the 
pericardial cavity when it contains liquid blood.^ 
This report describes a study in dogs in which the 
movement of circulating blood was detected by 
echocardiography. 


Nineteen adult mongrel dogs weighing 16 to 32 kg were 
anesthetized with intravenous sodium pentobarbital, 25 


From the Servicio de Cirugia Experimental, Ciudad Sanitaria La Paz, 
Madrid, Spain. Dr. Garcia-Fernandez's current address: Escuela Na- 
cional de Enfermedades del Torax, Ciudad Universitaria, Madrid. This 
study was supported in part by grants from the Comisión Asesora de 
Investigación Científica y Técnica (0647/81) and from Kontron S.A. 
Madrid, Spain. Manuscript received April 16, 1985, accepted April 22, 
1985. 


mg/kg, and intubated. Room air ventilation was maintained 
by means of a Harvard respirator. The chest was opened by 
a midsternal incision and the pericardium was maintained 
intact. Fluid-filled 5Fr polyvinyl catheters were inserted 
through the superior vena cava and carotid artery. Right 
atrial, right ventricular, pulmonary artery, aortic and left 
ventricular pressures were recorded using a Gould transducer 
and a Siemens Minograph 82. Cardiac output was measured 
by thermodilution; a Swan-Ganz catheter was placed in the 
pulmonary artery through a jugular vein and an Edwards 
9500 A cardiac output computer was used. Three suc- 
cessive determinations were made, and the average was 
calculated. 

Several short- and long-axis views were obtained by 
placing the transducer directly on the heart, taking special 
care not to press on the cavity. A Mark 600 ATL echocardi- 
ograph with a 7-MHz transducer was used. In 4 dogs, images 
were also obtained with a 3-MHz transducer. In all dogs a 
simultaneous M-mode recording was made in the zone where 
the echoes produced by the blood were more intense. Special 
care was taken to set the echocardiograph controls in a 
high-gain setting to facilitate recording of the echoes pro- 
duced by the blood. With a low-gain setting these images were 
less visible. All studies were recorded on a Panasonic VHS 
vidoetape recorder for subsequent analysis. Echocardio- 
graphic images were recorded before and after the intro- 
duction of catheters into the heart cavities and no differences 
were observed between them. 

In the right ventricular cavities of 16 dogs, intracavitary 
echoes showing dynamic variations in shape and conforma- 
tion from beat to beat were obtained. Intracavitary echoes 
were characterized by low amplitude and variable density, 
showing a circular, whirlpool-like movement. The maximal 
echo intensity was observed between the leaflets of the tri- 
cuspid valve in diastole. The correspondent M-mode image 
was recorded as a set of linear echoes, similar to those found 


y 
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FIGURE 1. Top left, 2-dimensional 
echocardiogram, parasternal long-axis 
view of the right ventricle (RV). Bottom 
left, dynamic echoes (curved arrows) 
produced by blood can be seen be- 
tween the anterior and posterior tri- 
cuspid leaflets. Right, M-mode echo- 
cardiogram at the level of the tricuspid 
valve (TV), showing the echoes pro- 
duced by blood passing through the 
tricuspid valve in diastole. Note the in- 
crease of the echoes when atrial con- 
traction occurs (long arrow). RA = right 
atrium; RV = right ventricle. 


in right cavities by contrast echocardiography, particularly 
at the time of tricuspid valve opening. In all dogs an evident 
increase in the intensity of the echoes during atrial systole, 
coincident with the tricuspid “a” wave in the M-mode 
echocardiography, was produced (Fig. 1). 

Images of the left ventricular cavity, similar to those of the 
right side, were observed in 6 dogs, 3 of them also showing 
echoes in the right-sided cavities. Whirlpool-like echoes, 
showing clear phasic variations in shape from beat to beat, 
which were indicative of a fluid state, were recorded by 2- 
dimensional echocardiography (Fig. 2); the maximal inten- 
sity was in the left ventricular cavity. Using M-mode echo- 
cardiography, stratified linear echoes were observed in the 
same 6 dogs. In the other 3 dogs, no intracavitary echoes were 
observed throughout the study. 

In all dogs, cardiac output was within the normal range 
(mean 110 + 16 ml/kg). There was no significant difference 
compared with a group of normal dogs previously studied in 
our laboratory (cardiac output 100 + 30 ml/kg) (unpublished 
observation). Right- and left-sided pressures were always 
within the normal range. 


For the first time, our results show that blood can be 
echogenic in the absence of blood stasis under experi- 
mental conditions. The causes of this finding are related 
to the special characteristics of the study, because the 
technical aspects of the echocardiographic examination 
and the ultrasonic frequency are important factors in 
any study on the acoustic properties of blood. We used 
a 7 MHz transducer placed directly on the heart. Lon- 
gitudinal and lateral or angular resolution increases 
when using high-frequency echo transducers, despite 
the decrease in depth of penetration.? This increase in 
resolution probably permits images of blood in the fluid 
state to be obtained. In 4 dogs we used a 3- MHz trans- 
ducer and could not visualize the blood echoes that were 
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FIGURE 2. Two-dimensional echocardiogram, parasternal long-axis 
view of the left ventricle (LV) showing whirlpool-like echoes that show 
evident phasic variations in formation from 1 cardiac cycle to another, 
indicative of a fluid state. AO = ascending aorta; LA = left atrium; M 
— mitral valve; S — ventricular septum. 


easily seen with the 7-MHz transducer. This finding is 
. in accordance with the studies of Mikell et al? who 
showed that the echocardiographic patterns of blood 
stasis in dogs with important segmental contraction 
abnormalities were more easily seen with a 5- MHz than 
with a 3-MHz transducer. Likewise, in patients with 
apical wall motion abnormalities, the echocardiographic 
pattern of blood stasis observed when using a 5-MHz 
transducer is only scarcely visible when using a 3-MHz 
transducer.? 

As our data indicate, the echocardiographic images 
of circulating blood are detected more frequently in the 
right ventricular cavity. Several factors can be adduced 
to explain these findings. The left ventricle is situated 
more deeply than the right ventricle and, because of the 
reduction in depth penetration of high-frequency 
transducers, it would be more difficult to obtain well- 
defined images from very deep areas of the heart. 
Nevertheless, there must be some factors other than the 
depth that can facilitate the appearance of blood 


~ echogenicity in the right ventricle. In 4 dogs the short- 


axis view showed echocardiographic images of blood 
flow in the right atrium and the right ventricle but not 
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in the aorta, even though the aorta is closer to the 
transducer than the right atrium in this view. The better 
visualization of venous blood compared with arterial 
blood can probably be explained by their different 
physicochemical and rheologic characteristics. Density 
and viscosity of blood increase with a higher content of 
CO». Therefore, viscosity and density are greater in 
venous blood than in arterial blood, a factor that may 
facilitate echogenicity. 
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The Chicago Medical School Chief, Section of Rheumatology, V.A. 
Medical Center North Chicago, Illinois 
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What is Rheumatoloay: A Primary Care Approach? 

€ a succinct (approx. 450 pp.) yet comprehensive presentation of the latest tech- 
niques in diagnosis and therapeutic interventions of most use to the primary 
care physician 

€ a practical “how-to” desk reference to a difficult but common disease affecting 
over 35 million patients in the U.S. alone 


y € a book meant to be used regularly, not read once and stored away on a library 


x 


shelf 

€ the primary care physicians' answer to the huge, weighty tomes on Rheumatol- 
ogy which offer too little on diagnosis and treatment and too much on etiology 
and mechanisms of disease 


Abbreviated Table of Contents 


Section 1 [Investigative Techniques 
Section 2 Patterns 
Section 3 Management 


*This compact, well-designed and generally informative volume is a useful refer- 

ence for the management of rheumatic disease by physicians who deliver primary 

care. The family physician will undoubtedly use this frequently as a reference." 
Charles M. Plotz, MD American Family Physician 

*This book is a good primer for students, residents, and health professionals who 

would like a glimpse into rheumatology. It can be recommended for all but the 

specialist (but perhaps the specialist should read it, too, to see what those he is 


~ training are learning). " 


George E. Ehrlich, MD JAMA September '83 


This is a superb text by a sensitive, concerned, organized author of international 
repute . . . Each chapter is well outlined, concise, practical, and has a current and 
appropriate bibliography at the end. . . a skillfully structured text which is a qual- 
ity contribution . . . a very readable text." 

John A. Feagin, Jr., MD Military Medicine March '83 
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Sublingual nitroglycerin therapy is contra- 
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Ellestad’s STRESS TESTING: 
Principles and Practice, New 3rd Edition 


The classic text on stress testing is now available in an expanded and 
comprehensively revised new 3rd Edition. Painstakingly up-dated so that 
every discussion brings you today’s most current insights and advice, Dr. 
Ellestad’s book has expanded into several new and critically important areas. 


For the first time, complete chapter-long discussions focus on exercise 
stress testing after myocardial infarction, stress testing after surgical inter- 
vention and coronary angioplasty, rhythm and conduction disturbances in 
stress testing, stress testing in women, chest pain and normal coronary 
arteries, blood pressure measurement during exercise, and sports medicine 
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changing causes and natural history of valvular heart disease. 
Part 2 covers diverse diagnostic methods, including laboratory 
diagnosis, non-invasive graphic imaging and scintigraphic eval- 
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edited by Mary Allen Engle, MD 
Joseph K. Perloff, MD 


ISBN 0-914316-37-0, 438 pp., November 1983, $40.00 


Thirty-five eminently respected medical researchers and clinicians have produced a book which provides in ex 
haustive detail much of the current thought, a good deal of which is based on several long-term follow-up studies, on 
the postoperative course of patients who have undergone surgery for congenital heart disease. It presents a realistic 
appraisal of problems that some individuals have after surgery for congenital heart disease and at the same time 
underscores the striking benefits derived from this cardiologic-surgical approach to treatment. This book will help 
physicians to deal effectively and knowledgeably with the rapidly expanding population of individuals who have had 
cardiac surgery because of congenital heart disease. 
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About the book 


Derived from a symposium sponsored by the Infectious 
Disease Service, Department of Medicine and the 
Department of Pediatrics, Memorial Sloan-Kettering 
Cancer Center, New York City, and Cornell University 
Medical College, New York City, this book presents the 
latest thinking by international authorities, all of whom 
were invited to present findings in their area of expertise 
on the diagnosis, treatment, and prevention of various 
bacterial, fungal, viral, and parasitic infections presenting 
in patients with neoplastic disease. 


This is not just another "proceedings" volume. Rather 
it is an edited work, with papers by investigators who 
submitted definitive preparations for publication. Further- 
more, the authors take a strong position on their topics, 
ask probing questions and promote a stimulating forum 
of controversy. 


The result is a concise, dynamic study that belongs in 
the professional library of every physician treating 
patients with neoplastic disease. 
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“When the Ayerst rep told me 
It costs about 45€ a day, 
I said you can stop right there.” 


Most doctors are pleasantly surprised to learn that the average cost of 
daily therapy with the world’s most widely used beta blocker is so little, 
not much more than the cost of a daily newspaper. 

When it’s INDERAL (propranolol hydrochloride) tablets you want for 
your hypertension patients, remember to specify Dispense As Written 
(DAW) or Do Not Substitute on your prescriptions. That way, you can 
always be assured they'll get INDERAL® Please see next 

page for brief summary of prescribing information. 
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> _INDERAL? (propranolol hydrochloride) Tablets 
p CONTRAINDICATIONS 
—- |NDERAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
— first degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unless 
—— the failure is secondary to a tachyarrhythmia treatable with INDERAL. 
i WARNINGS 
^. CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
~~ tory function in patients with Cong heart failure, and its inhibition by beta blockade may 
- — precipitate more severe failure. Although beta blockers should be avoided in overt conges- 
- . tive heart failure, if necessary they can be used with close follow-up in patients with a history 
-.. of failure who are well compensated and are receiving digitalis and diuretics. Beta- 

. adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 
—— INPATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
A. Ccan,in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
.. failure, the patient should be digitalized and/or treated with diuretics, and the response 
.. observed closely or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
- | should be gradually reduced over at least a few weeks and the patient should be cau- 
_| tioned against interruption or cessation of therapy without the physician's advice. If 
_ | INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
- | able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
| agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
A having occult atherosclerotic heart disease who are given propranolol for other 
ndications. 
















|... No een Bronchospasm (e.g., chronic bronchitis, emphysema)— PATIENTS WITH 
_ BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
_INDERAL should be administered with caution since it may block bronchodilation produced 
by ee and exogenous catecholamine stimulation of beta receptors 

_ MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 


Prior to major surgery is controversial. It should be noted, however, that the impaired ability of 


_ the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
. . and surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
.— its effects can be reversed by administration of such agents, e.g , dobutamine or isopro- 


terenol. However, such patients may be subject to protracted severe hypotension. Difficulty in 


| 
4 starting and maintaining the heartbeat has also been reported with beta blockers. 
p DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the appear- 


-ance of certain premonitory signs and symptoms (pulse rate and pressure changes) of acute 


-hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more difficult 
—. to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore. abrupt withdrawal of propranolol may be followed by an exacerbation of symp- 


tests. 
IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 


- propranolol. 

PRECAUTIONS alg 
General: Propranolol should be used with caution in patients with impaired hepatic or renal 
function. INDERAL is not indicated for the treatment of hypertensive emergencies. 
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Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL (propranolol hydrochloride) may interfere with the glaucoma 
screening test. Withdrawal may lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
deen conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Pregnancy Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be usec during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL is excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
Most adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart failure; intensification of AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the 
Raynaud type. 

Central Nervous System: Lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-/mmune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practo- 
lol) have not been associated with propranolol. 

*The appearance of INDERAL tablets is a registered trademark of Ayerst Laboratories 
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If you like what you're reading, 
you'll love what you'll be watching 





The American Journal of Cardiology does more than 
just print the best in authoritative articles on cardio- 
vascular treatment. Now it puts them on videotape. 


Hosted by Editor-in-Chief William C. Roberts, 
MD, AJC Video Report will feature lively, highly-vis- 
ualized discussions with noted cardiovascular spe- 
cialists and authors of the most important articles 
appearing each month in The American Journal of 
Cardiology. And it will extend the utility of the arti- 
cles by exploring their application in clinical practice. 


Each of the 45-minute videocassettes will feature 
a special guest panelist as well as the guest authors 
discussing: 
* Coronary Heart Disease ¢ Arrhythmias and 
Conduction Disturbances * Systemic Hyperten- 





sion * Congestive Heart Failure * Valvular Heart 
Disease * Cardiomyopathy * Congenital Heart 
Disease * Cardiovascular Pharmacology and 

e Experimental Studies 


AJC Video Report will be produced on a regular 
monthly basis starting January 1986. To order your 
subscription and make this important professional 
investment, just complete the card on the opposite 
page. If the card is missing, send your name, 
address (including zip code), medical specialty and 
videocassette format desired to: Joyce Sturges, AJC 
Video Report, The Yorke Medical Group, 

875 Third Avenue, New York, N.Y. 10022. 
Or call (212) 605-9549. 


The American Journal of Cardiology 


AJC 25 YEARS AGO 





The AJC in November 1960 


WILLIAM C. ROBERTS, MD 


The AJC in November 1960 contained 24 articles oc- 
cupying 147 pages. This piece describes 5 articles. 

Before antihypertension therapy, about 90% of pa- 
tients with systemic hypertension associated with pa- 
pilledema died within 1 year of diagnosis. Early arti- 
cles on therapeutic effects of ganglionic blocking drugs 
described follow-up of patients for up to 3 years. Soko- 
low and Perloff! from San Francisco, California, de- 
scribed 5-year results of treatment of 26 patients with 
malignant hypertension (papilledema plus diastolic 
arterial pressure >120 mm Hg) with ganglionic block- 
ing agents. Symptoms improved in all 26 patients and 
"the diastolic pressures were reduced >20 mm Hg in 24 
patients (92%). Papilledema disappeared in 19 pa- 
tients (73%). Of 15 patients with poor renal function, 
improvement in renal function occurred in 7 (47%). 
The average survival of the 26 patients was 21 months; 
the 11 with good renal function before therapy sur- 
vived an average of 39 months and the 15 with poor 
renal function an average of 8 months. 

Shubin et al? from Los Angeles, California, de- 

scribed cardiovascular findings in 7 children with sick- 
le cell anemia (blood hematocrits 18 to 27%). All 7 had 
normal pulmonary arterial pressures, normal or high 
cardiac indexes, and decreased systemic arterial oxy- 
gen saturations (77 to 89%). The heart rates at rest 
were 90 to 100 beats/min. All 7 had precordial systolic 
murmurs (grade 2/6 or greater), 5 had third heart 
sounds, all 7 had enlarged cardiac silhouettes on chest 
radiographs and 4 had abnormalities on electrocardio- 
gram. 
Hoffman and Lowrey? from Los Angeles, California, 
described electrocardiographic observations in 123 pa- 
tients with hyperthyroidism: atrial fibrillation in 15 
(12%); PR interval >0.20 second in 11 (9%); shortened 
QT interval in 18 patients (15%); ST-T abnormalities 
in 28 patients (23%); and heart rates at rest >100 
beats/min in 46 patients (37%). The ST-T changes 
often were transient. 


Vif 
'a be ete a hn " 


Baker et al* from Baltimore, Maryland, adminis- 
tered thyroid stimulating hormone (TSH), 25 mg/day 
intramuscularly, to each of 5 clinically euthyroid men 
for 4 or 5 successive days; 4 had electrocardiographic 
abnormalities during and immediately after the peri- 
od of TSH stimulation. The abnormalities were those 
of increased irritability and altered repolarization. 

Glover et al? from Philadelphia, Pennsylvania, de- 
scribed results of bilateral ligation and division of the 
internal mammary artery in 239 patients, of whom 
219 were followed 12 to 30 months postoperatively. Of 
the 219 patients, 212 had angina pectoris (at rest in 115 
patients) preoperatively, and 7 had no angina (recur- 
ring pulmonary edema in 4 and “serious arrhythmias” 
in 3). Of the 219 patients, 119 (54%) had electrocardio- 
graphic evidence of recent or healed myocardial in- 
farction. At follow-up, 12 to 30 months postoperative- 
ly, 55 patients (25%) were markedly improved, 46 pa- 
tients (21%) moderately improved, and 38 patients 
(17%) slightly improved. In 38 patients (17%) there 
was no improvement and 42 patients (20%) were dead. 
Only 24 patients (1470) changed in their clinical status 
12 to 30 months postoperatively compared with their 
1-month postoperative evaluation. Of course, objec- 
tive evidence of decreased myocardial ischemia in 
their patients is lacking and coronary angiography was 
not available for their patients. 
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How Long Do Physicians Live? 


. Inthe USA today (1980 life tables), life expectancy from birth 


— for white females is 78.1 years, for black females, 72.3 
. years, for white males, 70.7 years, and for black males, 


63.7 years.! For persons who have reached age 25 years in 


the USA, an age reached by ? 95 96 of persons at the time of 


graduation from medical school, life expectancy is even 
greater. Thus, of persons reaching age 25 years, 54.5 
additional years (to age 79.5) can be expected for white 


. women and 49.5 additional years (to age 74.5) for black 
. women, 47.8 additional years for white men (to age 72.8) 
. and 41.7 additional years for black men (to age 66.7).' 


Although physicians, of course, are included in these 
1980 statistics, these expected ages are not reached by 
most USA graduates of USA medical schools. In the Journal 
of the American Medical Association each week is a column 
entitled ‘‘Obituaries.’’ Included in it are the names of recently 
deceased physicians, their ages at death, the name of the 
medical school from which they graduated, frequently the 
American specialty board by which they were certified, and 
the date of their death. Their race is not included. For the 3 
years 1981, 1982 and 1983 the age at death of the male and 
female physicians according to speciality was determined 
and the results of these tabulations are summarized in the 
accompanying table. 

The table discloses 3 clear findings: (1) the average age at 
death of both the male and female physicians was below the 
national average for persons who had reached age 25 years; 


(2) the mean age of death of the female physicians was 
younger than that of their male counterparts; and (3) the 
mean age at death varied among the various subspecialties. 
The 9,705 male physicians lived a total of 689, 184 years, an 
average of 7 1.0 years each; the 365 female physicians lived 
a total of 25,495 years, an average of 69.9 years each. 
Among the various subspecialties, those surviving the shor- 
test periods on the average were neurosurgeons (58.9 
years), anesthesiologists (58.9 years), family practitioners 
(62.4 years) and pathologists (63.9 years). The longest 
survivors on the average were those classified as both 
ophthalmologists and otolaryngologists (79.3 years), next 
those classified as otolaryngologists (76.7 years), and then 
those boarded in preventive medicine (74.4 years). The 
pediatricians survived on an average longer than did the 
internists (69.2 years vs 66.7 years). The specific numbers 
on survival for adult cardiologists, pediatric cardiologists, and 
cardiovascular surgeons are not available. 


Lula. C b on 


William C. Roberts, MD 
Editor in Chief 


1. National Center for Health Statistics. Vital Statistics of the United States, 
1980, Vol. Il, Sec. 6, Life Tables, DHHS Pub. No. (PHS) 84-1104. Public 
Health Service, Washington, D.C., U.S. Govt. Print. Off., 1984, 16 pp. 


Mean Length of Survival of Physicians Listed in the Obituaries Section of the Journal of the American Medical Association, 


1981, 1982 and 1983 


Men 
Mean Age at 
Speciality No Death (year) 

Unspecified 6,182 72.7 
Internal medicine 514 66.8 
Surgery 409 67.0 
Obstetrics & gynecology 355 68.6 
Psychiatry & neurology 303 68.7 
Pediatrics 267 69.5 
Radiology 216 67.1 
Pathology 200 64.1 
Opthalmology (Op) 182 70.1 
Otolaryngology (Ot) 176 76.6 
Orthopedic surgery 159 67.0 
Urology 152 71.5 
Family practice 151 62.7 
Anesthesiology 107 59.2 
Dermatology 82 71.2 
Preventive medicine 72 74.5 
Thoracic surgery 40 66.0 
Neurosurgery 17 58.9 
Op t Ot 15 79.3 
Plastic surgery 7 64.0 
All Others 99 67.6 

Totals 9,705 71.0 


— 





Women Totals 
Mean Age at Total Mean Age at 
Death (year) No. Years Death (year) 
70.9 6,436 467,667 428 
61.0 527 35,149 66.7 
72.0 413 27,706 67.1 
73.9 363 24,943 68.7 
72.7 323 22,259 68.9 
63.0 279 19,305 69.2 
82.8 222 14,988 67.5 
58.7 207 13,230 63.9 
80.7 185 13,007 70.3 
82.0 178 13,643 76.7 
box 159 10,656 67.0 
T 152 10,871 FAS 
54.8 157 9,800 62.4 
55.8 117 6,891 58.9 
81.0 88 6,323 71.9 
73.0 78 5,801 74.4 
65.5 42 2,769 65.9 
Y 17 1,001 58.9 
jx 15 1,190 79.3 
MT 7 448 64.0 
56.8 105 7,032 67.0 
69.9 10,070 714,679 71.0 
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Reduce fluid volume and 
improve hemodynamics in CHF 
Edema due to congestive heart failure offen 
demands highly effective diuresis fo reduce the 
fluid load on the failing heart. Bumex* (bumet- 
anide/Roche) is the next generation in loop 
diuretic therapy for three powerful reasons. 1f 
moves out an unsurpassed volume of fluid and 
sodium, resulting in significant reductions in 
edema and right atrial and pulmonary artery 
wedge pressures. '? It's almost completely 
absorbed through the GI tract, so it's easy to 
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titrate.3 And Bumex completes high-volume 
diuresis fast—within four hours af usual 
doses.^* Your patients spend less fime in 
diuresis, more time in normal activities. 


Bumex has a good safety profile; however, 
as with all loop diuretics, Bumex, if given in 
excessive amounts, can lead to profound 
diuresis with water and electrolyte depletion, 
including hypokalemia. Serum electrolytes 
Should be monitored periodically, especially in 
patients on low salt diets or those treated for 
prolonged periods or on high doses. 
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<- Bumex: 


= bumetanide/Rocne 


0.5-mg and 1-mg scored tablets/2-ml ampuls, 
2-ml, 4-ml and 10-mi vials (0.25 mg/ml] 


The next generation 
in loop diuretic therapy 











- x 


= =- Py "m 


ut 
" 


f 


re 
MC 


E 
~ 


i A ize 


cr 
Š AS 


TIE 
n 


ie * . A108 ym 9^ "ume Aes | i i = X o eh e a, P sd 





bumetanide/Roche 


0.5-mg and 1-mg scored tablets/2-ml ampuls, 2-ml, 
4-ml and 10-ml vials (0.25 mg/ml) 


REDUCES 


FLUID OVERLOAD 
and eases the burden 


on the failing heart 





mm Hg 
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‘Significantly i Improves hemodynamics 
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Days 


Ten patients with CHF snowed marked hemodynamic improvement after seven days of 
BUMEX* (bumetanide/Roche) (mean values + SE). Adapted from Olesen, ef a/.! 


References: 1. Olesen KH, etal: Postgrad Med J 51(Suppl 6):54-63, 1975. 2. Handler B, 
Dhingra RC, Rosen KM: J Clin Pharmacol 21:706-711, Nov-Dec 1981. 3. Brater DC, 

et al: Clin Pharmacol Ther 34:207-213, Aug 1983. 4. Brater DC, Fox WR, Chennavasin P: 
J Clin Pharmacol 21:599-603, Nov-Dec 1981. 5. Davies DL, ef al: Clin Pharmacol Ther 
15:141-155, Feb 1974. 





. bumetanide/Roche 


0.5-mg and 1-mg scored tablets 


. 2-mi ampuls, 2-mi, 4-mi and 


10-mi vials (0.25 mg/ml) 


.. BUMEX* (bumetanide/Roche) 


Before prescribing, please consult complete product information, a summary of which follows: 


WARNING: Bumex (bumetanide/Roche) is a potent diuretic which, if given in excessive 
amounts, can lead to a profound diuresis with water and electrolyte depletion. Therefore, 

careful medical supervision is required, and dose and dosage schedule have to be adjusted 
to the individual patient's needs. (See under DOSAGE AND ADMINISTRATION in complete 
product information. ) 











INDICATIONS AND USAGE: Edema associated with congestive heart failure, hepatic and renal 
disease, including the nephrotic syndrome 

Almost equal diuretic response occurs after oral and parenteral administration of Bumex 

If impaired gastrointestinal absorption is suspected or oral administration is not practical, Bumex 
should be given by the intramusculor or intravenous route 

Successful treatment with Bumex following instances of allergic reactions to furosemide suggests 
a lack of cross-sensitivity 

CONTRAINDICATIONS: Anuria. Hypersensitivity and in patients in hepatic coma or in states of 
severe electrolyte depletion. Although Bumex con be used to induce diuresis in renal insufficiency, 


-. any marked increase in blood urea nitrogen or creatinine, or the development of oliguria during 


therapy of patients with progressive renal disease, is an indication for discontinuation of treatment 
WARNINGS: Dose should be adjusted to patient's needs. Excessive doses or too frequent admin- 
istration can lead to profound water loss, electrolyte depletion, dehydration, reduction in blood 


. volume and circulatory collapse with the possibility of vascular thrombosis and embolism, 


particularly in elderly patients 
Prevention of hypokalemia requires particular attention in patients receiving digitalis and diurefics 
for congestive heart failure, hepatic cirrhosis and ascites, states of aldosterone excess with normal 
renal function, potassium-losing nephropathy, certain diarrheal states, or other states where 
hypokalemia is thought to represent particulor added risks to the patients. 
In patients with hepatic cirrhosis and ascites, sudden alterations of electrolyte balance may 
precipitate hepatic encephalopathy and coma. Treatment in such patients is best initiated in the 
hospital with small doses and careful monitoring of the patient's clinical status and electrolyte 
balance. Supplemental potassium and/or spironolactone may prevent hypokalemia and metabolic 
alkalosis in these patients 
In cats, dogs and guinea pigs, Bumex has been shown to produce ototoxicity Since Bumex is 
about 40 to 60 times as potent as furosemide, it is anticipated that blood levels necessary to 
produce ototoxicity will rarely be achieved. The potential for ototoxicity increases with intravenous 
therapy, especially at high doses. 
Patients allergic to sulfonamides may show hypersensitivity to Bumex 
PRECAUTIONS: Measure serum potassium periodically and add potassium supplements or 
potassium-sparing diuretics, if necessary. Periodic determinations of other electrolytes are 
advised in patients treated with high doses or for prolonged periods, particularly in those on low 
salt diets. 

ricemia may occur. Reversible elevations of the BUN and creotinine may occur, especially 
with dehydration and in patients with renal insufficiency. Bumex may increase urinary calcium 
excretion. 
Possibility of effect on glucose metabolism exists. Periodic determinations of blood sugar should 
be done, particularly in patients with diabetes or suspected latent diabetes. 
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Patients should be observed regularly for possible occurrence of blood dyscrasias, liver damage 
or idiosyncratic reactions. 

Especially in presence of impaired renal function, use of parenterally administered Bumex should 
be avoided in patients to whom aminoglycoside antibiotics are also being given, except in life- 
threatening conditions. 

Drugs with nephrotoxic potential and bumetanide should not be administered simultaneously. 
Since lithium reduces renal clearance and adds a high risk of lithium toxicity, it should not be given 
with diuretics. 

Probenecid should not be administered concurrently with Bumex. 

Concurrent therapy with indomethacin not recommended. 

Bumex may potentiate the effects of antihypertensive drugs, necessitating reduction in dosage. 
Interaction studies in humans have shown no effect on digoxin blood levels 

Interaction studies in humans have shown Bumex to have no effect on warfarin metabolism or on 
plasma prothrombin activity 

Pregnancy: Bumex should be given to a pregnant woman only if the potential benefit justifies the 
potential risk to the fetus. 

Bumetanide may be excreted in breast milk. 

Pediatric Use: Satety and effectiveness below age 18 not established. 

ADVERSE REACTIONS: Muscle cramps, dizziness, hypotension, headache and nausea, and 
encephalopathy (in patients with preexisting liver disease). 

Less frequent clinical adverse reactions are weakness, impaired hearing, rash, pruritus, hives, 
electrocardiogram changes, abdominal pain, arthritic pain, musculoskeletal pain and vomiting. 
Other clinical adverse reactions are vertigo, chest pain, ear discomfort, fatigue, dehydration, 
sweating, hyperventilation. dry mouth, upset stomach, renal failure, asterixis, itching, nipple 
tenderness, diarrhea, premature ejaculation and difficulty maintaining an erection. 

Laboratory abnormalities reported are hyperuricemia, azotemia, hyperglycemia, increased serum 
creatinine, hypochloremia, hypokalemia, hyponatremia, and variations in CO, content, bicar- 
bonate, phosphorus and calcium. Although manifestations of the pharmacologic action of 
Bumex, these conditions may become more pronounced by intensive edi 

Diuresis induced by Bumex may also res be accompanied by changes in LDH, total 
serum bilirubin, serum proteins, SGOT, SGPT, alkaline phosphatase, cholesterol, creati- 
nine clearance, devictions in hemoglobin, prothrombin time, hematocrit, platelet counts 
and differential counts. Increases in urinary glucose and urinary protein have also been 


seen. 
DOSAGE AND ADMINISTRATION: 
Oral Administration: The usual total daily dosage is 0.5 to 2.0 mg and in most patients is 
given as a single dose. 

renteral Administration: Administer to patients (IV or IM) with GI absorption problem or 
who cannot take oral. The usual initial dose is 0.5 to 1 mg given over 1 to 2 minutes. If 
insufficient response, a second or third dose may be given at 2 to 3 hour intervals up to a 
maximum of 10 mg a doy 
HOW SUPPLIED: Tablets. o 5 mg (light green) and 1 m 
500; Prescription Paks of 30; Tel-E-Dose® cartons of 1 
ROCHE BUMEX 0.5; 1 mg—ROCHE BUMEX 1. 
Ampuls, 2 mi, 0.25 mg/ml, boxes of ten. 
Vials, 2 ml, 4 ml and 10 mi, 0.25 mg/ml, boxes of ten. 


mg Passer! bottles of 100 and 
Imprint on tablets: 0.5 mg— 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 






A Radiation Protective Shield 


Interventional Radiology 


“Provides protection from patient scatter during 
lengthy fluoroscopic procedures without interfering 
with the performance of the examination” 
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positioned close to the x-ray source, effectively 





reduces scatter radiation to less than 0.1 mr/hr, E Dual pivotal locking d devices NOM 
offering the maximum protection to the eyes, * Counter balanced ceiling suspension system 
thyroid and complete upper torso of staff and track assembly with 202 centimeters 
employees performing the procedure, while of horizontal travel 

allowing total freedom of movement around Also available for "C" and "U" - 

the work area. ARM type apparatus 
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P.O. Box 542, Lawrence, MA 01842 (617) 689-4334 
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On nitrates, 
but angina still 
strikes... 
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After a nitrate, 
add ISOPTIN 


(verapamil HCI/Knoll) 


To protect your patients, as well as their quality of life, 
add Isoptin instead of a beta blocker. 





First, Isoptin not only reduces myocardial oxygen demand 
by reducing peripheral resistance, but also increases coro- 
nary perfusion by preventing coronary vasospasm and 
dilating coronary arteries — both normal and stenotic. 
These are antianginal actions that no beta blocker 
can provide. 
Second, Isoptin spares patients the 
beta-blocker side effects that may 
compromise the quality of life. Sat 
With Isoptin, fatigue, bradycardia and menta 
depression are rare. Unlike beta blockers, 
Isoptin can safely be given to patients with 
asthma, COPD, diabetes or peripheral 
vascular disease. Serious adverse 
reactions with Isoptin are rare 
at recommended doses; the 
single most common side 
effect is constipation (6.3%). 
Cardiovascular contra- 
indications to the use of 
Isoptin are similar to those 
of beta blockers: severe 
left ventricular dysfunction, 
hypotension (systolic pres- 
sure «90 mm Hg) or cardio- 
genic shock, sick sinus syndrome 


(if by siis Srani IS kem d 4 ISOPTIN. Added 

- or third- AV block. : P ; 
goo ss a ie Is not Mich: add antíangínal protection 
Isoptin...for more comprehensive antianginal without beta-blocker 


protection without side effects which may 


cramp an active life style. side effects. 











Please see brief summary on following page. 

























(verapamil HCI/Knoll) 


- Contraindications: Severe left ventricular dysfunction (see Warnings), hypo- 
. tension (systolic pressure < 90 mm Hg) or cardiogenic shock, sick sinus syn- 
2 drome (except in patients with a functioning artificial ventricular pacemaker), 
.. 2nd- or 3rd-degree AV block. Warnings: ISOPTIN should be avoided in patients 
. With severe left ventricular dysfunction (e.g., phe fraction « 3096 or 
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—. moderate to severe symptoms of cardiac failure) and in patients with any 


- degree of ventricular dysfunction if they are receiving a beta blocker. (See 
Precautions.) Patients with milder ventricular dysfunction should, if possible, be 
.. controlled with optimum doses of digitalis and/or diuretics before ISOPTIN is 
... used. (Note interactions with digoxin under Precautions.) ISOPTIN may occa- 
sionally produce hypotension (usually asymptomatic, orthostatic, mild and con- 
trolled by decrease in ISOPTIN dose). Elevations of transaminases with and 
4 _ without concomitant elevations in alkaline phosphatase and bilirubin have been 
-. reported. Such elevations may disappear even with continued treatment; how- 
ever, four cases of hepatocellular injury by verapamil have been proven by re- 
challenge. Periodic monitoring of liver function is prudent during verapamil 
therapy. Patients with atrial flutter or fibrillation and an accessory AV pathway 
- (e.g. W-P-W or L-G-L syndromes) may develop increased antegrade conduction 
- across the aberrant pathway bypassing the AV node, producing a very rapid 
. ventricular response after receiving ISOPTIN (or digitalis). Treatment is usually 
D.C.-cardioversion, which has been used safely and effectively after ISOPTIN. 
_ Because of verapamil's effect on AV conduction and the SA node, 1° AV block 
. and transient bradycardia may occur. High grade block, however, has been 
.. infrequently observed. Marked 1° or progressive 2° or 3° AV block requires a 
. dosage reduction or, rarely, discontinuation and institution of appropriate 
. therapy depending upon the clinical situation. Patients with hypertrophic car- 
. diomyopathy (IHSS) received verapamil in doses up to 720 mg/day. It must be 
- appreciated that this group of patients had a serious disease with a high mor- 
- tality rate and that most were refractory or intolerant to propranolol. A variety 
. of serious adverse effects were seen in this group of patients including sinus 
_ bradycardia, 2° AV block, sinus arrest, pulmonary edema and/or severe hypo- 
tension. Most adverse effects responded well to dose reduction and only rarely 
-. was verapamil discontinued. Precautions: ISOPTIN should be given cautiously 
= to patients with impaired hepatic function (in severe dysfunction use about 
- 3096 of the normal dose) or impaired renal function, and patients should be 
.. monitored for abnormal prolongation of the PR interval or other signs of exces- 
pv pharmacologic effects. Studies in a small number of patients suggest that 
—. concomitant use of ISOPTIN and beta blockers may be beneficial in patients 
-. with chronic stable angina. Combined therapy can also have adverse effects on 
i cardiac function. Therefore, until further studies are completed, ISOPTIN should 
be used alone, if possible. If combined therapy is used, close surveillance of vital 
—. signs and clinical status should be carried out. Combined therapy with ISOPTIN 
`- and propranolol should usually be avoided in patients with AV conduction 
abnormalities and/or depressed left ventricular function. Chronic ISOPTIN treat 
ment increases serum digoxin levels by 5096 to 7096 during the first week of 
therapy, which can result in digitalis toxicity. The digoxin dose should be re- 
duced when ISOPTIN is given, and the patients should be carefully monitored to 
_ avoid over- or under-digitalization. ISOPTIN may have an additive effect on 
— lowering blood pressure in patients sx oral antihypertensive agents. 
- Disopyramide should not be given within 48 hours before or 24 hours after 
-ISOPTIN administration. Until further data are obtained, combined ISOPTIN and 
quinidine therapy in patients with hypertrophic cardiomyopathy should prob- 
Be ce avoided, since significant hypotension may result. Clinical experience 
— with the concomitant use of ISOPTIN and short- and long-acting nitrates sug- 
. gest beneficial interaction without undesirable drug interactions. Adequate ani- 
- mal carcinogenicity studies have not been performed. One study in rats did not 
suggest a tumorigenic potential, and verapamil was not mutagenic in the Ames 
.. test. Pregnancy Category C: There are no adequate and well-controlled studies 
rg pregnant women. This drug should be used during pregnancy, labor and 
_ delivery only if clearly needed. It is not known whether verapamil is excreted in 
^ breast milk; therefore, nursing should be discontinued during ISOPTIN use. 
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— ~ Adverse Reactions: Hypotension (2.9%), peripheral edema (1.7%), AV block: 
_ 3rd degree (0.8%), bradycardia: HR < 50/min (1.1%), CHF or pulmonary 
edema (0.9%), dizziness (3.696), headache (1.8%), fatigue (1.1%), constipa- 

tion (6.3%), nausea (1.6%), elevations of liver enzymes have been reported. 
s (See Warnings.) The following reactions, reported in less than 0.5%, occurred 
' under circumstances where a causal relationship is not certain: ecchymosis, 
bruising, gynecomastia, psychotic symptoms, confusion, paresthesia, insomnia, 
- somnolence, equilibrium disorder, blurred vision, syncope, muscle cramp, shaki- 
ness, claudication, hair loss, macules, spotty menstruation. How Supplied: 
ISOPTIN (verapamil HCI) is supplied in round, scored, film-coated tablets con- 
_ taining either 80 mg or 120 mg of verapamil hydrochloride and embossed with 
"ISOPTIN 80” or “ISOPTIN 120° on one side and with ‘KNOLL’ on the reverse 
side. Revised August, 1984. 2385 
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1A. Title of publication: THE AMERICAN JOURNAL OF CARDIOLOGY. 
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2. Date of filing: 10/1/85. 

3. Frequency of issue: Monthly—except 2X in Feb, Mar, May, Sep, Nov; 3X in Jan, Ap 
3A. No. of issues published annually: 21. 

3B. Annual subscription price: $58.00 U.S.; $73.00 Canada; $80.00 Foreign. 
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CME Test #28: Answer Sheet 


Effect of Intracoronary Thrombolytic Therapy on Exercise-induced 
Ischemia After Acute Myocardial Infarction 


Instructions: Mark the appropriate box with an “X.” 
Test questions appear on page 760. 





Name Degree 
(please print) Last First Initial 

Specialty Social Security # 
Address 

City State/Zip Code 
Signature Date 
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Be sure you have checked the best answer for each question. To defray costs of processing, please enclose check for $10.00 payat 
to the Division of Continuing Medical Education, and mail with the completed answer sheet to: 


Division of Continuing Medical Education 
Room 127 CHSB 

University Station 

Birmingham, AL 35294 


Participants will receive certificates for their records. 


A113 


The Original 


„the only clinically-tested dipyridamole 
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What is CARDIOLOGY 1985? 


e The fifth in an annual series to be published each 
summer—761 papers covered in this issue. 


€ A review of the year's newest and most important 
developments in cardiology 


€ A multidisciplinary approach to clinical and applied 





All books sent on 30 day approval 


O Please send me a copy of Cardiology 1985 at the full price of $55.00. I do not wish to 





The most important, 


EE best read annual 
publication on 


cardiology 





Reviews of previous editions 


"...recommend... to any reader interested in the 
literature of cardiology.” 

Irwin R. Callen, MD 

FAMA 


". . . It is more than merely a reference book, since it 

explains what to the average physician may be obscure 
.. a treasure house of 1980 publications. It is highly 

recommended.” 

Philip Reichert, MD 

New York State Journal of Medicine 


“I highly recommend this book as a reference for car- 
diologists and general internists who wish to review 
specific topics in the recent cardiology literature. The 
summaries are generally concise and well written and 
the choice of articles reviewed is superb and nicely in- 
dexed.” 

James L. Vacek, Major USAF, MC, FACC, FCCP 
Military Medicine 


“Dr. Roberts and his colleagues have done it 

again. . . . All in all, this is a remarkable tour de force 
of inestimable value to all physicians struggling to un- 
derstand the heart and its problems." 

David H. Spodick, MD 

Practical Cardiology 


AJCKS 


O Cardiology 1983 (00032) $49.50 
C Cardiology 1984 (00039) $49.50 


which includes $1.50 for handling. Yorke 


pays postage. (same return privilege) 
O Please bill my O VISA Q MasterCard (same return privilege) 
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research based on an exhaustive search of the year’s 
literature 
€ A unique, cohesive summary of the state-of-the-art, 
written, not just edited, by those making outstand- 
ing contributions in the field 
€ A practical approach to a complicated and fast-mov- 
ing subject designed to be read and used daily 
Cardiology 1985 provides in a concise and readable 
format and style fundamental and new information es- 
sential to understanding the current thinking on man- 
aging cardiovascular disease. It coordinates what’s new 
with well established data, arming the reader with a 
perspective on the field which is simply unavailable 
elsewhere. Its liberal use of illustrations and tables con- 
denses valuable information into instantly accessible 
knowledge. 
| Order Form 
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Clinical Clues to MIXED ANGINA No. 5 


Most days she can climb the PROCARDIA® (nifedipine! 
stairs with no difficulty. But is a primary therapy for 
today she was less than half-way — the patient with MIXED 
up when an angina attack ANGINA. It prevents vaso- 
stopped her. constriction in both large 


coronary arteries and coro- 
nary arterioles to maintain 
myocardial blood flow and 
oxygen supply. At the same 
time, PROCARDIA dilates 
peripheral arteries to 


And because vasocon- reduce afterload and 
striction is an unpredictable myocardial oxygen 
event, ischemia and pain occur demand. 
unpredictably: As a result, PROCARDIA 
at varying levels of exercise can significantly reduce 
at rest, or even during sleep your patient's angina 
upon exposure to cold attack rate and need for 
under emotional stress nitroglycerin: 
diurnally, typically in 
the morning 





PROCARDIA 


| NIFEDI PINE} Capsules 10 mg 


Primary Protection in 


Please see PROCARDIA?® jnifedipine) brief summary on next page 
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Reference: 

1. Stone PH, Muller JE, Turi ZG, et al: Efficacy of 
nifedipine therapy in patients with refractory 
angina pectoris: Significance of the presence of 
oa vasospasm. Am Heart J 106:644-652, 


Brief Summary 
PROCARDIA® (nifedipine) Capsules For Oral Use 
INDICATIONS AND USAGE: I. Vasospastic Angina: PROCARDIA (nifedipine) is indicated tor the management of va- 
sospastic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest accompanied by ST 
segment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically demonstrated 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
not been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- 
y findings are compatible with intermittent vasospasm, or when angina Is refractory to nitrates and/or adequate 
oses of beta blockers 

Il. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management 
of chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomatic 
despite adequate doses of beta blockers and/or organic nitrates or who cannot tolerate those agents 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained elfective- 
ness and evaluation of long-term safety in these patients are incomplete 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents 
may be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with con- 
fidence the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac 
conduction abnormalities. When introducing such concomitant therapy, care must be taken to monitor blood pressure 
closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS.) 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA 
WARNINGS: Excessive Hypotension: Although in most patients. the hypotensive effect of PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pa- 
tients on concomitant beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a beta blocking agent who underwent coronary artery bypass surgery usin high dose fentany! anesthesia 
The interaction with high dose fentany! appears to be due to the combination of PROCARDIA and a beta blocker, bul the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with 
other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl 
anesthesia is contemplated, the physician should be aware of these potential problems and, if the patient's condition 
permits, sufficient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to 
surgery. 
increased Angina: Occasional patients have developed well-documented increased Irequency, duration or severity of 
rt Ma on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established 
but could result from decreased coronary perfusion associated with decreased diastolic pressure with increased hear! 
rate, or from increased demand resulting from increased heart rate alone 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with 
increased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will 
not prevent this occurrence and might be expected to exacerbate it by provoking reflex catecholamine release There have 
been occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. It is im- 
portant to taper beta blockers if possible, rather than stopping them abruptly before beginning PROCARDIA 
Congestive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure atter begin- 
ning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event. 
PR TIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 
itoring of blood pressure during the initial administration and titration of PROCARDIA is suggested Close observation 
be Aes} recommended for patients already taking medications that are known to lower blood pressure (See 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due 
to left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily 
in the lower extremities and usually responds to diuretic E With patients whose angina is complicated by conges- 
ndm failure, care should be taken to differentiate this peripheral edema from the effects of increasing left ventricular 

ystunction. 
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PROCARDIA 


(NI FEDI PI N E) Capsules 10 mg 


PRIMARY PROTECTION IN MIXED ANGINA 
Usual Effective Dosage: 30 to 60 mg/day 


For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
response, attack frequency, sublingual nitroglycerin intake and activity level a 
a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
patient is observed closely. 


Because PROCARDIA decreases peripheral vascular resistance (occasional 
patients have had excessive hypotension), careful monitoring of blood 
pressure during initial administration and upward dosage titration is 
suggested, especially for patients taking drugs known to lower blood 
pressure. Occasional patients have developed increased frequency, duration c 
severity of angina on starting PROCARDIA or at the time of dosage increases. 


A Favorable Safety Profile | 


Most frequently reported side effects, usually mild, are dizziness or 
lightheadedness, peripheral edema, nausea, weakness, headache and 
flushing, each occurring in about 1096 of patients, transient hypotension in 
about 5%, palpitation in about 2% and syncope in about 0.5%. 


Laboratory tests: Rare, usually transient. but occasionally significant elevations of enzymes such as alkaline pho 
phatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA (nifedipine) therapy is uncerte 
in most cases, but probable in some. These laboratory abnormalities have rarely been associated with clinical sym 
toms. however, cholestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have be 
reported 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregati 
and increase in bleeding time in some PROCARDIA patients. No clinical significance for these findings has be 
demonstrated 

Although PROCARDIA has been used safely in patients with renal dysfunction anc has been reported to exert a be 
eficial effect in certain cases, rare reversible elevations in BUN and serum creatinine have been reported in patients w 
pre-existing chronic renal insutticiency. The relationship to PROCARDIA therapy is uncertain in most cases but probal 
in Some 

Drug interactions: Beta-adrenergic blocking agents: (See Indications and Mum ) Experience in over 1400 ¢ 
tients in a non-comparative clinical trial has shown that concomitant administration o PROCARDIA and beta-blocki 
agents is usually well tolerated, but there have been occasional literature reports suggesting that the combination n 
increase the likelihood of congestive heart failure, severe hypotension or exacerbation of angina 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no control 
studies to evaluate the antianginal effectiveness of this combination 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal voluntet 
The average increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with CC 
nary artery disease. In an uncontrolled study of over two hundred patients with congestive heart failure during wr 
digoxin blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated report 
patients with elevated cigoxin levels, it is recommended that digoxin levels be monitored when initiating, adjusting, 
discontinuing PROCARDIA to avoid possible over- or under-digitalization 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coum: 
anticoagulants to whom PROCARDIA was administered 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (B 
and area-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine al 40 mg 
day. Ranitidine produced smaller, non-significant increases I! nifedipine therapy is initiated in a patient currently 
ceiving cimetidine, cautious titration is advised 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats ftor two ye 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a d 
approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative 

Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, m 
and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used dur 
prognane only if the potential benefit justifies the potential risk to the fetus 
ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral ede 
nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about £ 
palpitation in about 2% and syncope in about 0.5% Syncopal episodes did not recur with reduction in the dosi 
PROCARDIA or concomitant antianginal medication. Additionally, the following have been reported muscle cram 
nervousness, Cyspnea, nasal and chest congestion, shortness of breath diarrhea, constipation, gastrointestinal cram 
flatulence, inflammation, joint stiffness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balar 
dermatitis, pruritus, urticaria, fever, sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, f 
pura, allergic hepatitis, gingival hyperplasia, and erythromelalgia. Very rarely, introduction of PROCARDIA therapy ' 
associated with an increase in anginal pain, possibly due to associated hypotension 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of 
disease in these patients. It remains possible, however, that some or many of these events were drug related. Myocar 
infarction occurred in about 4% o! patients and congestive heart failure or pulmonary edema in about 2%. Ventric 
arrhythmias or conduction disturbances each occurred in fewer than 0.596 of patients 
HOW SUPPLIED: Each orange. soft gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine PROCARDIA C 
SULES are supplied in botties of 100 (NDC 0069-2600-66), 300 (NDC 0069-2600-72), and unit dose (10x10) (! 
0069-2600-41). The capsules should be protected.Irom light and moisture and stored at controlled room tempera 
59° to 77°F (15° to 25°C) in the manufacturer's original container 
© 1982, Plizer 
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Finally. A professional pocket-sized ECG 
that meets your exacting standards. 


MICRO-TRACE 


Introducing the first portable ECG that won't make you 
miss your office model! 


A product of space-age miniaturization technology, MICRO-TRACER x 
is a hospital-quality ECG offering greater d Zim 
versatility than any other portable ECG available today. od 

|_| Precise tracings indistinguishable from those 
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produced by hospital single-channel ECGs. : E 

Ù Phonocardiogram (PCG) tracings to i SÉ: EE J HIE 
detect the slightest murmurs, made possible EY E-R [REG ; 
by the accompanying DIF-STET,” ahighly — EE. EN dee ae get mutil | 


sensitive electronic stethoscope. | | Up to 
"(2-vector capability. Q Continuous visual and 
audible monitoring with a continuous alarm |. 1:1 eee EL me 
triggered by bradycardia and tachycardia Eo) NE mimus cupis] 
attacks. © A heart-rate histogram for 60 05 22 SE i) RE a 
monitoring arrhythmias. L] With its option- JEU pinin 

al modem, remote analyses and consulta- 
tions can be obtained via the telephone. 5 QE | 
[L]MICRO-TRACER, stethoscope and Wu LT JUDI Heec qr 
allrequired accessories, fit into a hand- i uc» ppl, d li D ae | 
some, binocular-styled carrying case. 

For complete information, write: 

INTECH Systems Corp. 

20 Constance Court 
Hauppauge, NY 11788 

or call toll-free (800) 854-8376 
(outside New York) or call collect 
(516) 982-8388 Gp New hue 





Puts the portable 
hospital-quality ECG 
in your hand! 
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in Washington, D.C. 


“Future Directions in 
Calcium Channel Blockade: 
| Focus ( on Hypertension’ 
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Nitrendipine in the Treatment of Mild to Gate 19 ^. Miles narmaceuticals, Division of Miles Laboratories, Inc. 
Hypertension | TRS $ p 
Presented by: Marvin Moser, M.D. 
Yale University School of Medicine 
New Haven, CT 


To register, please return the coupon below, or call 
1-800-422-0016 (Logical Communications, Inc.). 
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CLINICAL 
STRESS TESTING 
AT ITS BEST. 


THE JUSTIFIABLE 
SYSTEM... 


When your clinical needs dictate a 
sophisticated and cost-efficient diag- 
nostic system for performing stress 
tests, Quinton’s Q2000 System is 
the answer. 


With the Q2000, you get: 

* Powerful multi-processor 
hardware. 

Fast and accurate software 
analysis. 

* Programmable flexibility. 

* Diagnostic quality output. 

* Long-term reliability. 


PROGRAMMABILITY... 


The easy-to-operate Q2000 enables 
you to program, modify and access 
up to 5 environments (procedures) 
and 9 protocols having up to 26 
stages each. 


THE DIAGNOSTIC 
EDGE... 


SST Integral and Index, in addition 
to ST Slope and Level, provide 
higher sensitivity and specificity 
than slope and level alone. Your 
diagnostic confidence in tests that 
may otherwise produce marginal 
results is improved. 


Also: 

* Absolute Spatial Vector Velocity 
(ASVV) is used to identify aber- 
rant beats, align normal beats for 
signal averaging and establish the 
isoelectric point. 

* ST parameters may be measured 
from either J-junction or R-wave 


peak, and you program the meas- 
urement criteria. 


The Q55 TREADMILL is included 
and provides 350-lb. patient — 
capacity, 1-10 mph speed 

range, 0-25% grade range, 

and automatic calibration, 

self-test and 

trouble 


monitoring. -— 


OTHER FEATURES... 


e COMPREHENSIVE DIS- 
PLAYS—6 seconds of live ECG 
data, resting and current averaged 

beats, split screen freeze, tabular 
and graphic displays, continuous 
write from memory, digital dis- 
plays of heart rate, ST param- 
eters, and stage and time data. 

* THERMAL CHART 
RECORDER—Programmable 
operation, AHA diagnostic 
quality traces, computer-aver- 
aged beats available. 

* FINAL REPORT—An automatic 
summary of your patient's test 
data saves valuable time in report 
preparation. 

e SERVICE AND MAINTE- 
NANCE—Fast response and the 
built-in maintenance programs 
keep the service call short. 


For a detailed brochure, examples of 
a ECG printouts and reports, and cost 
analysis information, call or write 
a Quinton Instrument Company, 
| Terry Avenue, Seattle, WA 
98121-2791. 1-800-426-0347. Telex 
3794094 In Washington state and 
Canada, call (206) 223-7373. 


Quinton 


instrument co. 


An Aus NUS NS Company 





For steady maintenance following 
cardioversion of supraventricular, 


ventricular, and atrial tachyarrhythmias 


m Maintains normal sinus rhythm 
a Full quinidine cardiodynamics 


B Greater gastrointestinal tolerance 


than with quinidine sulfate* 


m Convenient b.i.d. or t.i.d. dosage 


*Bibliography available upon request 


INDICATIONS AND USAGE: CARDIOQUIN Tablets are indicated as maintenance therapy after 
E ease nae and electrical conversion of atrial tachycardia. flutter or fibrillation and inthe treatment 
of premature atrial and ventricular contractions, paroxysmal atrial tachycardia, paroxysmal A-V 
junctional rhythm, atrial flutter, payme atrial fibrillation, established atrial fibrillation when 
therapy is opriate, and paroxysmal ventricular tachycardia when not associated with complete 
neartblock. CONTRAINDICATIONS: History of hypersensitivity to quinidine, complete A-V block, 
complete bundle branch block or other severe intraventricular conduction defects, myasthenia 
gas, erhythmias associated with digitalis toxicity. WARNINGS: In the treatment of atrial 

brillation with rapid ventricular response, use digitalisto control ventricular rate prior to administra- 
tion of quinidine, In the treatment of atrial flutter reversion to sinus rhythm may be preceded by 
progressive reduction in the degree of A-V block to a 1:1 ratio resulting in an extremely high 
ventr.;utar rate. This potential hazard may be reduced by digitalization prior to administration of 
quinidine Potentially toxic cigcxin plasma levels may occur when quinidine is aaministered 
concurrently. Considerreducing digoxin dosage and monitoring for digitalis os Evidence 
of quinidine cardiotoxicity (increased P-R and Q-T intervals, 50% widening of QRS. and/or 
ventricu,..c ectopic beats or tachycardia) mandates immediate discontinuation of the drug, and/or 
close clinical and electrocardiographic monitoring. NOTE: Quinidine effect is enhanced by 
potassium and reduced in the presence of hypokalemia. Quinidine should be used with extreme 
caution in the presence of incomplete A-V block, since complete block and asystole may result 
Quinidine may cause abnormalities of rhythm in digitalized patients; therefore, it should be used 
with caution in the presence of digitalis intoxication. Caution is also called for in patients exhibiting 
renal, cardiac or hepatic insufficiency because of potential toxic accumulation of quinidine in 
plasma. PRECAUTIONS: A preliminary test dose of a single tablet of quinidine sulfate may be 
administered to determine if the patient has an idiósyncracy to quinidine. ECG monitoring and 
determination of plasma quinidine levels are recommended when doses greater than 2 5 g/day are 
administered. Periodic blood counts and live: and kidney function tests should be performed during 
long-term therapy. 


Purdue Frederick 


€ COPYRIGHT 1982, THE PURDUE FREDERICK COMPANY /NORWALK, CT 06856 PFE 103/82 


DRUG INTERACTIONSIOF QUINIDINE: 


DRUG EFFECT 

With anticholinergic deme Additive hs bie effect 

With cholinergic drugs Antagonism of cholinergic effects. 

With carbonic anhydrase inhibiters sodium Alkalinization of urine resulting in decreased 
bicarbonate, thiazice-diuretics excretion of quinidine. 


Reduction of clotting factor concentrations. 


With coumarin anticoagulants 
Potentiation of neuromuscular blockade. 


With tubocurare, succiyicholine and 
decamethonium 

With phenothiazines and reserpine 

With hepatic enzyme-ind cing drugs 
(phenobarbital, pRemytoin, rifampin) 

With digoxin 


Additive cardiac depressive effects. 
Decreased plasma half-life of quinidine. 


Increased plasma concentrations of digoxin 
(see WARNINGS). 


PREGNANCY The use si quinidine in pregnancy should »6 reserved only for those cases Where 
the benefits outweigh ‘he possible hazards to the patient and fetus. NURSING MOTHERS: The 
drug should be used wit caution due to excretion of the quinidine in breast milk. ADVERSE 
REACTIONS: SYMPTOMS OF CINCHONISM (ringing im the ears, nausea, headaches, and/or 
disturbed vision) may appear in sensitive patients after a ce dose of the drug. GASTROINT ES- 
TINAL: Diarrhea, nausea, vomiting, abdominal pam. CARDIOVASCULAR: Widening ot QRS 
complex. cardiac asysiow ventricular ectopic beats, idioventricular rhythms (including ventricular 
tachycarcia and fibrillavor), paradoxical tachycardia, arte-ial embolism. and hypotension. HEMA- 
TOLOGIC: Acute hemelync anemia, hypoprothrombinemia, thromboc'*3zenic purpura, agranulo- 
cytosis. CNS: Headache’ fever. vertigo, apprehension, excitement, contusion, delirium, and 
syncope, disturbed heaeng (tinnitus. decreased auditory acuity), disturbed vision (myririasis. 
blurred vision. disturbe! color perception, reduced vison field, photophobia, diplopia, night 
blingness, scotomata). couc neuritis DERMATOLOGIC: Rash, cutaneous fiushing with intense 
pruritus, urticaria, HYBEASENSITIVITY REACTIONS: Angicedema, acute asthmatic episode. 
M collapse, respim.oOry arrest. hepatic *oxicity See package insert for Ful! Prescribing 
nformation 
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Enhances the value of oral procainamide 
for selected cardiac dysrhythmias 
With modern sustained-release Procan SR, short duration of effect 


no longer impedes the usefulness of procainamide for maintenance therapy. 


A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 
Ideal maintenance therapy 


ni -Procon SR... 
the original sustained-release oral procoina 
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TIONS AND USAGE: Oral procainamide is indicated in the treatment of premature 
ular contractions, ventricular tachycardia, atrial fibrillation, and paroxysmal atrial 











































. CONTRAINDICATIONS: Hypersensitivity to procainamide is an absolute contraindication. 
E Y |n this connection, cross- -sensitivity to procaine and related drugs must be borne in mind. 
.. Procainamide should not be administered to patients with complete atrioventricular 
block. It is also contraindicated in cases of second degree and third degree A-V 
nodal block unless an electrical pacemaker is operative. 
dt has been suggested that procainamide be contraindicated in patients with myasthe- 
na gravis. 
/ : Granulocytopenia may follow the use of procainamide, and deaths from sep- 
‘sis have occurred. Leukocyte changes are most likely to occur during the first three 
_ months of therapy. During this time routine blood counts should be done at least every two 
3. and thereafter at longer intervals throughout maintenance procainamide therapy. 
Bicone of malaise and aches (a flu-type syndrome) are often reported in association 
-. withthe granulocyte depression. 
* — . . Patients should be instructed to report such symptoms promptly. as well as any sore- 
it ie of mouth, throat or gums, unexplained fever, or symptoms of an upper respiratory 
ct infection. If these should occur and a complete blood count indicates a granulocyte 
Tc ssion, procainamide therapy should be discontinued immediately and appropriate 
: E corem instituted. Recovery of leukocyte count usually occurs within a few weeks. 
i _ The incidence of granulocytopenia appears to be higher with procainamide sustained- 
release tablets than with standard tablets. 
| S: General— During administration of the drug. evidence of untoward 
x: Hig archer responses should be carefully watched for in all patients. In the presence of an 
. abnormal myocardium, procainamide may at times produce untoward responses. In atrial 
. fibrillation or flutter, the ventricular rate may increase suddenly as the atrial rate is slowed. 
Adequate digitalization reduces, but does not abolish, this danger. If myocardial damage 
w . exists, ventricular tachysystole is particularly hazardous. Correction of atrial fibrillation. 
Ye ‘a resultant forceful contractions of the atrium, may cause a dislodgement of mural 
thrombi and produce an embolic episode. However, it has been suggested that, in a 
"patient who is already discharging emboli, procainamide is more likely to stop than to 
he aggravate the process. 
re ___ Attempts to adjust the heart rate in a patient who has developed ventricular tachycardia 
te 3 during an occlusive coronary episode should be carried out with extreme caution. Caution 
i t is also required in marked disturbances of atrioventricular conduction such as A-V block, 
re branch block, or severe digitalis intoxication, where the use of procainamide may 
Itin additional depression of conduction and ventricular asystole or fibrillation. 
Mà . Because patients with severe organic heart disease and ventricular tachycardia may 
i 7 X ie have complete heart block, which is difficult to diagnose under these circumstances, 
* this complication should always be kept in mind when treating ventricular arrhythmias with 
s .. procainamide. If the ventricular rate is significantly slowed by procainamide without attain- 
i ; w meen of regular atrioventricular conduction, the drug should be stopped and the patient 
i reevaluated since asystole may result under these circumstances. 
S In patients receiving normal dosage, but who have both liver and kidney disease, symp- 
Et p . toms of overdosage (principally ventricular tachycardia and severe hypotension) may 
* x ira due to drug accumulation. 
Serious hypotension can result from peripheral vasodilation and trom decreases in car- 
E diac output. At high plasma levels, procainamide may produce sinus tachycardia due to 
3 -reflex sympathetic response to its hypotensive effect. Large doses may increase cardiac 
. automaticity and can induce complete atrioventricular block, cardiac standstill, or ventric- 
ular extrasystoles that may proceed to ventricular fibrillation. These effects on the myocar- 
. dium are reflected in the electrocardiogram: a widening of the QRS complex occurs most 
Y E. consistently; less regularly, the P-R and Q-T intervals are prolonged. and the QRS and T 
| waves show some decrease in voltage. 
... Antinuclear antibodies (ANA) are often found in patients receiving long-term pro- 
cainamide therapy. The induction of ANA appears to be independent of dosage. Patients 
M. with procainamide-induced increases in ANA titers may develop a syndrome resembling 
ere lupus erythematosus (SLE). The mechanism of this syndrome is uncertain. 
ol yarthralgia, arthritic symptoms, and pleuritic pain are common symptoms; to a lesser 
. extent fever, myalgia, skin lesions, pleural effusion, pericarditis, headache, fatigue, weak- 
Ness, nausea and abdominal pain may occur. Rare cases of thrombocytopenia, Coombs' 
T positive hemolytic anemia, increased SGOT. SGPT. and serum amylase have been 
4 dm Teported which may be related to this SLE-like syndrome. 
It is recommended that tests for systemic lupus erythematosus be carried out at regular 
; eh Y Ainiotvalsi in patients receiving maintenance procainamide therapy. The drug should be dis- 
. . Continuedifthere is a rising ANA titer or clinical symptoms of SLE appear. The SLE-like syn- 
Wl drome may be reversible upon discontinuation of the drug. If discontinuation does not 
. Cause remission of the symptoms, corticosteroid therapy may be effective. If the SLE-like 
. Syndrome develops in a patient with recurrent life-threatening arrhythmias not controllable 
by. other antiarrhythmic agents, corticosteroid suppressive therapy may be used concom- 
_ itantly with procainamide. 
| Information for Patient—Practitioners should give the following information and instruc- 
_ tions to patients receiving Procan SR. 
_ 1. Do not crush or chew these tablets. Swallow them whole. 
D Take this medicine exactly as directed by your doctor. Do not miss any doses and do 
| not take more medicine than ordered. Do not stop taking this medicine without first check- 
Ling with your doctor. 
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5. Do not be concerned if you occasionally notice in your stool something that looks like 1 

atablet. In Procan SR (procainamide hydrochloride tablets), the drugis'held'inawaxcore — 

that has been specially designed to slowly release the drug for your body to absorb. When 

this process is completed the empty, nonabsorbable wax core, which looks nearly 

unchanged, is eliminated from your body. f 

6. Keep container tightly closed and store in a cool. dry place. | 
Laboratory Tests — Patients receiving procainamide for extended periods of time, or in 
whom symptoms suggestive of a lupus-like reaction appear, should have antinuclear anti- 
body titers measured at regular intervals. S 

Routine blood counts are advisable during maintenance procainamide therapy. See 
WARNINGS for additional information. 

Plasma concentrations of procainamide and NAPA should be monitored in patients with 
renal disease, hepatic disease, cardiac failure, or low cardiac output states. 

Drug Interactions 

1. Antiarrhythmics: Concurrent use with procainamide may result in additive cartao 
effects and/or additive toxic effects. 

2. Anticholinergics: Procainamide enhances the anticholinergic effects. Extreme cau- 
tion must be exercised with such a combination. 

3. Anticholinesterases: Procainamide antagonizes the effect of anticholinesterases in 
myasthenia gravis, and paralysis returns. 

4. Antihypertensives: Procainamide may potentiate the hypotensive effects of thiazide 
diuretics and other antihypertensive agents. Adjustment of dosage may be required. 

5. Cimetidine: !! has been reported that the histamine H5-antagonist cimetidine reduces eb e 
renal clearance of procainamide and NAPA, resulting in higher plasma concentrations for — 
longer durations. Caution should be exercised when administering these drugs concur- ri 
rently, especially in the elderly, who have a reduced ability to clear all three. Dosage modifi- 
cation may be required. ue 

6. Neuromuscular Blocking Agents: Procainamide potentiates the effects of skeletal 
muscle relaxants such as succinylcholine. It also may enhance or prolong the neuromus- 
cular blocking activity of bacitracin, colistimethate. dihydrostreptomycin, gentamicin, 
gramicidin, kanamycin, neomycin, polymyxin B. streptomycin, and viomycin, gem 
respiratory depression. e 
Pregnancy—Pregnancy Category C. Animal reproduction studies have not Beel con- 
ducted with procainamide. It is also not known whether procainamide can cause fetal * 
harm when administered to a pregnant woman or can affect reproduction capacity. Pro- 
cainamide should be given to a pregnant woman only if clearly needed. 

Nursing Mothers—!t is not known whether this drug is excreted in human milk. Because 

many drugs are excreted in human milk, caution should be exercised when procainamide — 

is administered to a nursing woman. x 
ADVERSE REACTIONS: Most frequent, especially with large oral doses: - SUM. 
1. Anorexia 2. Nausea 3. Vomiting 4. Diarrhea 5. Urticaria 6. Pruritus. (1e 
Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinuclear )^ 
antibodies (ANA) b. Syndrome resembling systemic lupus erythematosus (SLE) (See - 
PRECAUTIONS). VLA 

2. Hypersensitivity reactions: a. Angioneurotic edema b. Maculopapular rash c. over A 
d. Eosinophilia e. Hypergammaglobulinemia. UE 
Infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS) 2 Con- 3s 
vulsions 3. Psychosis with hallucinations 4. Confusion 5. Mental depression 6. Giddiness — 
7. Lightheadedness 8. Weakness 9. Bitter taste. "Wars 
Rare: 1. Hypotension 2. A case was reported with fever and chills plus nausea, vomiting, — . 2 
abdominal pain, acute hepatomegaly, and a rise in serum glutamic oxaloacetic trans- 
aminase following a single dose of the drug. 

OVERDOSAGE: Signs and symptoms of overdosage of procainamide include severe 
hypotension, ventricular fibrillation, widening of the QRS complex, junctional tachycardia, 
intraventricular conduction delay, oliguria, lethargy. confusion, nausea. and vomiting. 

If ingestion is recent, gastric lavage or emesis may reduce absorption. Dopamine, 
phenylephrine or levarterenol may be helpful in reversing severe hypotensive responses. 

Management of overdosage includes symptomatic treatment with ECG and blood pres- — 
sure monitoring. Procainamide toxicity can usually be treated, if necessary, by administer- '/ 
ing vasopressors after adequate fluid volume replacement. Intravenous infusion of 1% - 
molar sodiumdlactate injection reportedly reduces the cardiotoxic effects of procainamide. 

The urinary elimination of procainamide is proportional to the glomerular filtration rate. n 
but is also affected by changes in urinary pH. Procainamide is relatively lipid-soluble as a 
free base. but the ionized form is not. Acid urine, therefore, leads to ion trapping of pro- 

cainamide which enters the urine by passive diffusion from the plasma. Accordingly, renal 
clearance of procainamide can be considerably increased by maintaining a low urinary i 
pH and high flow rates. Ao 

If procainamide toxicity causes severe hypotension and renal insufficiency, urinary elim- 

ination of procainamide and NAPA is decreased, and hemodialysis may be required. 
Hemodialysis significantly reduces the serum half-life of procainamide, and effectively 
removes procainamide and NAPA. Peritoneal dialysis is not effective. a 
It has been reported that one patient who ingested approximately 7 grams of pro- 
cainamide hydrochloride recovered after treatment consisting of IV levarterenol, IV furo- 
semide, attempted volume expansion with albumin, and hemodialysis. Also reported is the ; 
case of an elderly patient who recovered after ingestion of approximately 19 grams of pro- 
cainamide hydrochloride. The patient was treated with IV isoproterenol and IV epineph- 
rine. The latter report suggested that insertion of a ventricular pacing electrode is a 
reasonable precautionary measure in case high grade A-V block develops. 


Storage Conditions— Protect from moisture. Store bottles below 30° C (86° F). Store 
unit-dose packages at controlled room temperature, 15°-30° C (59°-86° F). — 0207G012 
Caution: Federal law prohibits dispensing without prescription. 
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CAPOTEN enhances patients’ quality of life 


L] CAPOTEN relieves major L] Use CAPOTEN when 
heart failure symptoms, improves symptoms persist despite digitalis 
functional capacity. and diuretic therapy. 


ACE INHIBITOR 


© IN HEART 
(APOTEN ipis 


YOUR FIRST CHOICE 
AFTER DIGITALIS AND DIURETICS 


*Angiotensin opea Enzyme 


TCAPOTEN is indicated in patients with heart failure ae gs not. — 
adequately to or cannot be controlled by conventional diuretic and 
talis therapy. CAPOTEN is to be used with diuretics and digitalis. In using 
CAPOTEN, consideration should be given to the risk of neutropenia/ 
agranulocytosis. Use special precautions in patients with impaired renal 
function, collagen vascular disorders, or those to other drugs 
(e.g. , procainamide) known to affect the white cells or immune response. 
Evaluation of heart failure patients should always include assessment of 
renal function. See INDICATIONS, WARNINGS, and ADVERSE REACTIONS 
in the brief summary on the adjacent page. 
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o EUR it of hyperter n. Consid. : should be given to the risk of neutropenia/ oe (6.25 12.5 1 Al iati vel id edical Pe. AE for : lea: 1hour S 3t 
agranulocytosis (see WARNINGS). CAPOTEN may be used as initial therapy for a GNNIPN MUpe tvitibé for aS eae) div. 
[^ |. patients with normal renal function, in whom the risk is relatively low. In patients A pro re - T2 
i-r with impaired renal function, particularly those with collagen vascular disease, Agents Having Vasodilator Activity — In heart failure patients, vasodilators should _ t» 
| D | captopril should be reserved for those who have either developed unacceptable side be administered with caution. ^ 
- effects on other drugs, or have failed to respond satisfactorily to drug combinations. Agents Causing Renin Release — Captopril's effect will be augmented by antihypertensive — 
s K? l CAPOTEN is effective alone and in combination with other antihypertensive agents, agents that cause renin release. , 
ENS especially thiazide-type diuretics. Agents Affecting Sympathetic Activity — The sympathetic nervous system may be b 
i4 F M4 Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure who especially important in supporting blood pressure in patients receiving captopril 
— — have not responded adequately to or cannot be controlled by conventional diuretic alone or with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive 
~ A A and digitalis therapy. CAPOTEN is to be used with diuretics and digitalis. effect to captopril, but the overall response is less than additive. Therefore, use agents A 
x a - WARNINGS: Neutropenia/Agranulocytosis — Neutropenia (- 1000/mm?) with ied vatis activity (e.g., ganglionic blocking agents or adrenergic neuron E d 
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—. failure (serum creatinine at least 1.6 mg/dL) but no collagen vascular disease, the cially in low renin hypertension. Ri 























-— risk in clinical trials was about 1 per 500. Doses were relatively high in these 
Boro dn patients, particularly in view of their diminished renal function. In patients with 
vid D collagen vascular diseases (e.g., systemic lupus erythematosus, scleroderma) and 
. — — impaired renal function, neutropenia occurred in 3.7% of patients in clinical trials. 
-— — While none of the over 750 patients in formal clinical trials of heart failure 
— — developed neutropenia, it has occurred during subsequent clinical experience. Of 
= . -. reported cases, about half had serum creatinine > 1.6 mg/dL and more than 75% 
-—.  . received procainamide. In heart failure, it appears that the same risk factors for 
|. . neutropenia are present. 

ii. . Neutropenia has appeared within 3 months after starting therapy, associated with 
- — A myeloid hypoplasia and frequently acco y nd 
creased numbers of megakaryocytes (e.g., h 
. anemia and thrombocytopenia were someti 
—— — to normal in about 2 weeks after captopril 
= were limited to clinically complex patien 
have ended fatally, but almost all fatalities 
y = Collagen vascular disease, renal failure, hea 
= eracombination of these complicating factors. 
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patients. In most cases, proteinuria subsided or cleared 
. within 6 months whether or not captopril was continued. The BUN and creatinine 
Er ^ were seldom altered in proteinuric patients. Since most cases of proteinuria occurred 
= by the 8th month of therapy, patients with prior renal disease or those receiving 
.. captopril at doses >150 mg/day should have urinary protein estimates (dip-stick on 
Ist morning urine) before therapy, and periodically thereafter. 


— Hypotension — Excessive hypotension was rarely seen in hypertensive patients but 
. İşa possibility in severely salt/volume-depleted persons such as those treated vigorously 
| with diuretics (see PRECAUTIONS [Drug Interactions]). 

= . In heart failure, where blood pressure was either normal or low, transient decreases 
G dn mean blood pressure >20% were recorded in about half of the patients. This transient 
~ hypotension may occur after any of the first several doses and is usually well tolerated, 
=_= although rarely it has been associated with arrhythmia or conduction defects. A 
» Starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
= — — should be followed closely for the first 2 weeks of treatment and whenever the dose of 
f kl captopril and/or diuretic is increased. 


_--—s«& BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN 
_ THESE PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY 
_ CLOSE MEDICAL SUPERVISION. 


y CAUTIONS: General: Impaired Renal Function, Hypertension — Some 
~ hypertensive patients with renal disease, particularly those with severe renal artery 
— stenosis, have developed increases in BUN and serum creatinine. It may be necessary 
Ar to reduce captopril dosage and/or discontinue diuretic. For some of these patients, 
. normalization of blood pressure and maintenance of adequate renal perfusion may 
a, A Honor be possible. Heart Failure — About 2096 of patients develop stable elevations of 
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a rd - BUN and serum creatinine >20% above normal or baseline upon long-term treat- 
= .  . ment. Less than 5% of patients, generally with severe preexisting renal disease, 
—— — required discontinuation due to progressively increasing creatinine. See DOSAGE 
|. — AND ADMINISTRATION, ADVERSE REACTIONS [Altered Laboratory Find- 
r^ - . ings]. Valvular Stenosis — A theoretical concern, for risk of decreased coronary perfu- 
— . sion, has been noted regarding vasodilator treatment in patients with aortic stenosis 
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. dueto decreased afterload reduction. 
Es —— Surgery/Anesthesia — If hypotension occurs during major surgery or anesthesia, and is 
3 . considered due to the effects of captopril, it is correctable by volume expansion. 
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Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine 
test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies 
with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of 
carcinogenic potential. Studies in rats have revealed no impairment of fertility. 

Pregnancy: Category C — There are no adequate and well-controlled studies in 
pregnant women. Embryocidal effects were observed in rabbits. Therefore, captopril 


should be used during pregnancy only if the potential benefit outweighs the potential 
risk to the fetus. Captopril crosses the human placenta. 


d, in general, nursing should be interrupted. 


ess in children have not been established. 
use of captopril in children from 2 months 





pressure have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involv- 










ed proteinuria (see WARNINGS). Renal in- 


oli ,and urinary frequency in 1 to 2 of 1000 patients. 


ulocytosis have occurred (see WARNINGS). Ane- 
topenia have been reported. 





: in human milk. Exercise caution when ad-  — 


sis, was comparable to that used in adults. — 
ly if other measures for controlling blood — 





culopapular, rarely urticarial), often with pruritus ^ 24 
and sometimes with fever and eosinophilia, in about 4 to 7 of 100 patients (depending — MSN 
on renal status and dose), usually during the Ist 4 weeks of therapy. Pruritus, without — — 

. e A T “+ 

ported. Flushing = 

id Ww 2 A 

i 1 AA 

afdia, chest pain, and palpitations each in about | o patients. Angina 
pectoris, myocardial infarction, Raynaud’s syndrome, and congestive heart failure — 


each in 2 to 3 of 1000 patients. 


Dysgeusia — About 2 to 4 (depending on renal status and dose) of 100 patients 


developed a diminution or loss of taste perception; taste impairment is reversible and 
usually self-limited even with continued drug use (2 to 3 months). Gastric irritation, 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, 
cough, alopecia, and paresthesias reported in about 0.5 to 2% of patients but did not 
appear at increased frequency compared to placebo or other treatments used in 
controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients 
although no causal relationship has been established. Rarely cholestatic jaundice and 
hepatocellular injury with or without secondary cholestasis, have been reported. A 
transient elevation of BUN and serum creatinine may occur, especially in volume- 


depleted or renovascular hypertensive patients. In instances of rapid reduction of 


longstanding or severely elevated blood pressure, the glomerular filtration rate may 
decrease transiently, also resulting in transient rises in serum creatinine and BUN. 
Small increases in serum potassium concentration frequently occur, especially in 
patients with renal impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion 
with an LV. infusion of normal saline is the treatment of choice for restoration of 
blood pressure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken 
one hour before meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage 
must be individualized; see DOSAGE AND ADMINISTRATION section of pack- 
age insert for detailed information regarding dosage in hypertension and in heart 
failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, dosage 
adjustments are recommended for patients with impaired renal function. 

Consult package insert before prescribing CAPOTEN (captopril ). 

HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in bottles of 100 
(25 mg also available in bottles of 1000), and in UNIMATIC" single dose packs of 100 
tablets. 

(J3-658C) 


Reference: 1. Cannon PJ, Criley JM, Dzau VJ, et al: A placebo- controlled trial of captopril in 


3 3 Ee refractory chronic congestive heart failure. J Am Col Cardiol 2:755-763, 1983. 
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; t Yorke Medical Books AJOKS — | 

| Box C-757 i 

i Brooklyn, NY 11205 i 

i Please send me a copy of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. i 

i [] Enclosed is my check for including $1.50 for handling. Yorke pays postage 1 
(same return privilege). 

| O Please bill my [ Visa O MasterCard [ ] AMEX (same return privilege) l 

Durcatg. c. $B Card No. í 

MC Interbank no. l 

l C Please bill me plus postage and handling (U.S. and Canadian orders only). | 

| Name l 

| Address l 
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is your drug reference? 


If it’s not the new 16th edition of 
MODERN DRUG ENCYCLOPEDIA, 
you can't be sure. 

MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Index 16th Edition 


Arthur J. Lewis, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor 

Charles L. Winek, Ph.D., Contributing Editor 








The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 
especially for the practitioner who needs complete, objective information 
on prescription drugs. 

An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that's perfectly suited to 
the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers' package inserts. They 
don't edit. Just print material manufacturer pays to have included. 


Here's what careful planning does for MODERN DRUG 

ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a ‘‘strong focus” layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufacturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 
the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer s name. 








= City/State/Zip 


l Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All 
foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please 
g add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 





CARDIOLOGIST 


FHP, a rapidly expand- 
ing, multi-specialty 
group practice in 
Southern California, is 
seeking a Board Certi- 
fied or Board Eligible 
CARDIOLOGIST. The 
ideal candidate will 
possess invasive skills, 
or have very strong 
non-invasive skills. 


FHP offers a very 
attractive salary and 
benefits program, and 
opportunities exist 
for academic appoint- 
ment in excellent 
nearby universities. 
For more information 
call Gary Gumbert toll- 
free at 1-800-446-2255 
(in California call 
1-800-336-2255), or 
send resume to: 





Professional Staffing 


9900 Talbert Avenue 
P.O. Box 8000 
Fountain Valley, CA 
92708-8000 





TWO-WAY LIPID REGULATOR 


KO PAID) A Balanced Approach 


(gemfibrozil capsules, USP) 300 me 


dicated for adult patients with high serum D Lowers elevated serum levels of 

glycerides (type IV hyperlipidemia) who present  triglyceride-rich very-low-density lipoproteins 
isk of pancreatitis and who do not respond (VLDL) and, to a lesser extent, cholesterol-rich 
equately to diet. low-density lipoproteins (LDL) 


linical trials show that L« pid -2 Favorably raises serum levels of high-density 


- lipoproteins (HDL 
vorably regulates the balance of. "PeProteins 2) 


Trtain lipe PIC Xeins res] yonsible ~ Has a side effects profile similar to — — 
r transport of serum lipids. placebo and no significant abnormalities in 


clinical/laboratory evaluations 





Artist’s interpretation of balance 
of serum VLDL and HDL. 


) Therapy of Certain Dysliprdenias 


1] yd-regulating efhicacy: Diet, exercise and weight loss 
are the first choice in therapy of 


pen-label phase of US multicenter SAY noi disorders. 
CI dd of 12 lunar months *Visit every 4 weeks during long-term use 


of LOPID. 

"Data cited on this eap reflect clinical 
experience based on the multicenter trial. 
l'hey do not e an indication for Types 
Ila and IIb dyslipidemias. 


rage percent change from baseline at doses ranging from 
0-1,600 mg/day, majority at 1,200 mg/day (119 patients)’ 


l. Data on file, Medical Affairs Dept, Parke-Davis. 


Total ILDL 
Cholesterol J(LDL* VLDL) 


P B KS RHET -" PARKE-DAVIS 


to Total-C 
Please see following page for brief summary 


of prescribing information. 




















































: toc serum lipids primarily by Hodie serum eise ih with a variable 
ip Raion in total serum cholesterol. These decreases occur primarily in the very 
density lipoprotein (VLDL) fraction and less frequently in the low density lipo- 
.. protein (LDL) fraction. In addition, LOPID may increase the high density lipopro- 


fi d a aS been shown to inhibit deste MR and to decrease the hepatic extrac- 
— tion of free fatty acids, thus reducing hepatic triglyceride production. LOPID also 
. inhibits synthesis of VLDL carrier apoprotein, leading to a decrease in VLDL 
ctr tion. 

- Animal studies suggest that LOPID may, in addition to elevating HDL choles- 
I, reduce incorporation of long-chain fatty acids into newly formed triglycer- 
, accelerate turnover and removal of cholesterol from the liver, and increase 
p" etion of cholestero! in the feces. 
na .OPID i is well absorbed from the gastrointestinal tract after oral administration. 

; asma levels occur in one to two hours with a plasma half-life of 1.5 hours 
ing single doses and 1.3 hours following multiple doses. Plasma levels 
ippear proportional to dose and do not demonstrate accumulation across time 
io lowing multiple doses. 

-LOPID mainly undergoes oxidation of a ring methyl group to successively form a 

wa oxymethy! and a carboxy! metabolite. Approximately seventy percent of the 
nd adr inistered human dose is excreted in the urine, primarily as unchanged gemfi- 

— bro zil. Six percent of the dose is accounted for in the feces. 

3 Ina large, controlled multicenter trial of 427 patients, lipid and lipoprotein 

a inges from average baseline (96) by hyperlipoproteinemic (HLP) type are sum- 

na Der below for those patients receiving gemfibrozil, 1200 mg/day, at the end of 





Nit TRIGLYCERIDE CHOLESTEROL 

LP VLDL HDL HO cht 
doe Total Cholesterol 
EU -44% -42% -44.3% - 5.8% +24.6% +33% 

f jm o. -8.6% -45.0% - 6.4% +19.5% +34% 

i — 1.896 —- 40.8% +14.6% +17.4% +23% 


i . INDICATIONS AND USAGE. Drug therapy should not be used for the routine treat- 

- ment of elevated blood lipids for the prevention of coronary heart disease. Dietary 
therapy specific for the type of hyperlipidemia is the initial treatment of choice. Excess 
i _ body weight and excess alcoholic intake may be important factors in hypertriglyceri- 


oan important ancillary measure. Contributory diseases such as hypothyroidism or 
diabetes mellitus should be looked for and adequately treated. The use of drugs 
" should be considered only when reasonable attempts have been made to obtain sat- 
Sfactory results with nondrug methods. If the decision is to use drugs, the patient 
- should be instructed that this does not reduce the importance of adhering to diet. 
— Because of chemical, pharmacological, and clinical similarities between gemfibro- 
_ zil and clofibrate, and the adverse findings with clofibrate in two large clinical studies 
$ (s ee Warnings), use of gemfibrozil should be restricted to the following indications. 
-LOPID may be considered for the treatment of adult patients with very high serum 
^ riglyceride levels (type IV hyperlipidemia) who present a risk of abdominal pain and 
.. Pancreatitis and who do not respond adequately to a determined dietary effort to con- 
- trol them. Patients with triglyceride levels in excess of 750 mg per deciliter are likely to 
present Such risk. 
LOPID (gemfibrozil capsules, USP) has little effect on elevated cholesterol levels 

ir n most subjects. A minority of subjects show a more pronounced response. How- 
. eve eens! be understood that there is no evidence that use of any lipid-altering 
} pre. will be beneficial in preventing death from coronary heart disease (see WARN- 


A reatment to patients with clearly defined risk due to severe hypercholesterolemia 

_ (eg. individuals with familial hypercholesterolemia starting in childhood) who inade- 
: respond to appropriate diet and more effective cholesterol-lowering drugs. 
| bate is not useful for the hypertriglyceridemia of Type ! hyperlipidemia. 

& _ The biochemical response to gemfibrozil is variable, and it is not always possible to 
predict from the lipoprotein type or other factors which patients will obtain favorable 
re S sults. It is essential that lipid levels be assessed and that the drug be discontinued 
-after three months in any patient in whom lipids do not show significant improvement. 
he effect of drug-induced reduction of serum cholesterol or triglyceride levels or 

ation of HDL cholesterol levels on morbidity or mortality due to coronary heart dis- 
- ease has not been established. Several years may be required before ongoing long- 

- term investigations will resolve this question. 

CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 


“2. Preexisting gallbladder disease. (See Warnings.) 
. 9. Hypersensitivity to gemfibrozil. 
3 S. 1. Because of chemical, pharmacological, and clinical similarities 
. between gemfibrozil and clofibrate, the adverse findings with clofibrate in two large 
_ Clinica! studies may also apply to gemfibrozil. In the first of those studies, the Coro- 
ar Drug Project, 1000 subjects with previous myocardial infarction were treated for 
_ five years with clofibrate. There was no difference in mortality between the clofibrate- 
-trea ed subjects and 3000 placebo-treated subjects, but twice as many clofibrate- 
_ treatec subjects developed cholelithiasis and cholecystitis requiring surgery. In the 
. other study, conducted by the World Health Organization, 5000 subjects without 
own coronary heart disease were treated with clofibrate for five years and followed 
ne year beyond. There was a statistically significant 36% higher total mortality in the 
. _eloibrate-treated than in a comparable placebo-treated control group. The excess 
. mortality was due to noncardiovascular causes, including malignancy, postcholecys- 
te complications, and pancreatitis. The higher risk of clofibrate-treated subjects 
_ for gallbladder disease was confirmed. 
WC 2. Long-Term Toxicity and Animal Tu Studies: Long-term studies have 
. beer asso in rats and dis y aged The inci- < f 
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0.05). There 
were no statistically significant differences ton controls in the incidence of liver 
tumors in female rats, and in male and female mice. 

Electron mic studies have demonstrated a florid hepatic peroxisome prol 
eration following LOPID administration to the male rat. Similar changes have not be: 
found in the human liver. 

Male rats had a dose-related increase of benign Leydig cell tumors. Subcapsule 
bilateral cataracts occurred in 1096, and unilateral in 6.396 of the high dose males. 

3. Since a reduction of mortality from coronary artery disease has not been dem 
strated and liver and interstitial cell testicular tumors were increased in male rats, 
LOPID should be administered only to those patients described in the Indications e 
Usage Section. lf a significant serum lipid response is not obtained, LOPID should 
discontinued. 

4. Cholelithiasis—L OPID may increase cholesterol excretion into the bile leading 
cholelithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPII 
therapy should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants— Caution should be exercised when anticoagula 

are given in conjunction with LOPID. The dosage of the anticoagulant should be 
reduced to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has been 
definitely determined that the prothrombin level has stabilized. 
PRECAUTIONS. 1. Initial Therapy— Before instituting LOPID (gemfibrozil car 
sules, USP) therapy, every attempt should be made to control serum lipids with 
appropriate diet, exercise, weight loss in obese patients, and other medical prc 
lems such as diabetes mellitus and hypothyroidism. 

2. Continued Therapy —Pretreatment laboratory studies should be performed t 
ensure that patients have abnormal levels of serum lipids. Periodic determinations o 
serum lipids should be obtained during LOPID administration. The drug should be 
withdrawn after three months if the lipid response is inadequate. 

3. Seasonal Variation of Lipid Levels—| OPID is not expected to alter seasone 
variations of higher serum lipid values in mid-winter and late summer or the lower va 
ues in fall and spring. 

4. Impairment of Fertility— Administration of approximately three and ten times 
the human dose to male rats for 10 weeks resulted in a dose-related decrease of fer 
ity. Subsequent studies demonstrated that this effect was reversed after a drug-free 
period of abouteight weeks, and it was not transmitted to their offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the r 
at doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the 
human dose. These studies have revealed no evidence of impaired fertility in female 
or harm to the fetus due to LOPID. Minor fetotoxicity was manifested by reduced bir 
rates observed at the high dose levels. No significant malformations were found 
amang almost 400 offspring from 36 litters of rats and 100 fetuses from 22 litters of 
rabbits. 

There are no studies in pregnant women. In view of the fact that LOPID is tumori- 
genic in male rats, the use of LOPID in pregnancy should be reserved for those 
patients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers— Because of the potential for tumorigenicity shown for gem: 
brozil in male rats, a decision should be made whether to discontinue nursing or dis 
continue the mo. taking into account the importance of the drug to the mother. 

7 Hematologic Changes— Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of LOPID 
therapy. Howewer, these levels stabilize during long-term administration. Therefore, 
periodic blood counts are recommended during the first 12 months of LOPID 
administration. 

8. Liver Function — Abnormal liver function tests have been observed occasione 
during LOPID administration, including elevations of SGOT, SGPT, LDH, and alkalin 
phosphatase. These are usually reversible when LOPID is discontinued. Therefore 
periodic liver function studies are recommended and LOPID therapy should be tern 
nated if abnormalities persist. 

9. Cardiac Arrhythmias— Although no clinically significant abnormalities 
occurred that could be attributed to LOPID, the possibility exists that such abnormc 
ties may occur. 

10. Use in Children— Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. in controlled clinical trials of 805 patients, including 245 
who received LOPID for at least one year, the most frequently reported adverse reac 
tions associated with LOPID involved the gastrointestinal system. In decreasing orc 
of frequency, these were abdominal pain (6.0%), epigastric pain (4.9%), diarrhea 
(4.8%), nausea (4.0%), vomiting (1.6%), and flatulence (11%). Other adverse reac- 
ae where the probability of a causal relationship to LOPID therapy exists are liste 

y System. 

Integumentary: rash, dermatitis, pruritus, urticaria 
Central Nervous System: headache, dizziness, blurred vision 
Musculoskeletal: painfu! extremities 
Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship 
difficult to establish, thus the physician should be alert to these occurrences. Repor 
of viral and bacterial infections (common cold, cough, and urinary tract infections) 
were more common in gemfibrozil than in placebo-treated patients. 

Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myaigia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, 
SGPT, LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening mea 
Some patients will experience therapeutic effects on 900 mg/day; a few may require 
1500 mg/day for satisfactory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU 

LANTS ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL CAPSULE 
USP). THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED TO 
MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 
ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

MANAGEMENT OF OVERDOSAGE. While there has been no reported case of o 
dosage, symptomatic supportive measures should be taken should togen á 
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CORONARY HEART DISEASE 


839 Prediction of Functional Capacity and Use of Exercise Testing for Predicting Risk After Acute Myocardial 
Infarction 


ERLING BIRK MADSEN, ELIZABETH GILPIN, STAFFAN AHNVE, HARTMUT HENNING, and 
JOHN ROSS, Jr. 


Among 1,469 patients discharged after acute myocardial infarction (AMI), 466 patients (3276) underwent 

treadmill exercise testing close to the time of discharge. An ischemic exercise test response (ST-segment 

depression or angina) could not be predicted from historical or clinical variables. Good functional capacity (more 

than 4 METs) could be predicted using age and resting ST-segment changes, and among patients predicted to 

have a functional capacity of more than 4 METs, only 1596 actually experienced low functional capacity on 

testing. Multivariate analysis of exercise test variables for predicting risk within 1 year selected only functional 

j capacity, and this variable identified a large group of patients (7296) with very low risk of death and new AMI (less 
than 2%) and a high risk group of patients (29%) with 18% risk of death or new AMI. 


846 Repeated Quantitative Angiograms in Coronary Arterial Aneurysm in Kawasaki Disease 
HIROYUKI NAKANO, KEN UEDA, AKIHIRO SAITO, and KEIKO NOJIMA 


To adequately manage patients with Kawasaki disease, the extent of associated coronary aneurysms was 
classified as follows: grade 0—no significant enlargement of the coronary artery; grade |—localized coronary 
aneurysms, with a maximum diameter of less than 4.0 mm; grade ll—moderate-sized aneurysms, with a maximal 
diameter between 4.0 and 8.0 mm; and grade III—giant coronary aneurysms, with the maximal diameter greater 
than 8.0 mm. Most mild coronary aneurysms regressed to normal within a short time. The course of grade Il 
aneurysms varied, depending on initial angiographic coronary size, but they eventually became reduced in size. In 
contrast, grade Ill aneurysms usually progressed into obstructive or stenotic coronary lesions. The current 
grading of severity of coronary artery disease may provide useful criteria to predict the prognosis of patients with — 
Kawasaki disease. 


— 852 Identification of Best Electrocardiographic Leads for Diagnosing Myocardial Infarction by Statistical Analysis 
of Body Surface Potential Maps 


FRED KORNREICH, PENTTI M. RAUTAHARJU, JAMES WARREN, TERRENCE J. MONTAGUE, and 
B. MILAN HORACEK 


A critical practical problem in body surface potential map analysis is the selection of optimal subsets of leads and 
features for diagnostic classification. Multivariate analysis was performed on 120-lead data from 184 normal 
subjects and 177 patients with myocardial infarction in order to identify leads and features for optimal diagnostic 
classification. Several areas on the map, most of which were located outside the precordial region, contained 
leads with important discriminant features. Six features (mostly ST-T measurements) from 3 locations—right 
subclavicular area, left posterior axillary region and left leg—correctly identified 9596 of normal subjects and 
9596 of patients with myocardial infarction. The same number of features from the standard 12-lead electrocar- 
diogram yielded 9596 and 8896, respectively. It is concluded that leads outside the conventional chest locations 
contain important diagnostic information that can be extracted by the presented method. 


857 Assessment of Left Ventricular Aneurysm Resectability by Two-Dimensional Echocardiography 


p CEES A. VISSER, GERARD KAN, RICHARD S. MELTZER, AD C. MOULIJN, GEORGE K. DAVID, and 
AREND J. DUNNING, With the technical assistance of MARGA van CORLER and HARRY de KONING 


Two-dimensional echocardiography was performed in 56 patients undergoing aneurysmectomy to determine an 
index of the nonaneurysmal or residual myocardium. The end-diastolic length of normally moving endocardium of 
ae the 2 opposite walls in the apical 2- and 4-chamber view, and apical long-axis view was expressed as a fraction 
Wed EL. d e Continued on page A12 
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c length of the left ventricle. The index was assessed by averaging the 6 ratios obtained. With 1 
exception, this index sharply separated survivors from nonsurvivors. The lower limit to survive aneurysmectomy 


was 40%. 


Relation Between Heart Rate and QT Interval in Exercise-induced Myocardial Ischemia 


MASSIMO ROMANO, TERESA Di MARO, GIOVANNI CARELLA, MARIA ROSARIA COTECCHIA, 
GIUSEPPE FERRO, and MASSIMO CHIARIELLO 


The relation between heart rate and QT interval during dynamic upright exercise was assessed in 18 control 
subjects and in 23 patients with coronary stenoses and exercise-induced myocardial ischemia. A significant 
negative linear correlation was found in both groups; the correlation coefficient was higher in control subjects 
than in the group with coronary artery disease (CAD) (r = —0.78 and —0.64, respectively), probably as a 
consequence of the nonhomogeneous response in CAD patients. The regression line had a flatter slope in 
patients with CAD, whereas a faster decrease of the QT increasing rate was seen in control subjects. This 
phenomenon may be related to an impairment of ischemic myocardium in responding to exercise-induced 
catecholamine release or to a direct effect of exercise-induced ischemic prolongation of myocardial tension. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Effects of Oral Amiodarone on Rate-Dependent Changes in Refractoriness in Patients with Wolff-Parkinson- 
White Syndrome 


PEDRO BRUGADA and HEIN J.J. WELLENS 


The effects of oral amiodarone on rate-dependent behavior of the refractory periods during cardiac pacing were 
studied in 13 patients with the Wolff-Parkinson-White syndrome. Amiodarone produced a rate-dependent 
increase in refractoriness of the accessory pathway in anterograde direction in 5 patients and in retrograde 
direction in 3. The right atrial and right ventricular refractory periods continued to shorten significantly when the 
pacing rate was increased after amiodarone treatment. When these data were correlated with the mode of 
initiation and termination of tachycardia, a possible effect of the rate-dependent increase in refractoriness of the 
accessory pathway was observed in only 1 patient. Antiarrhythmic drugs should, ideally, produce a rate- 
dependent increase in refractoriness in reentrant circuits. This would facilitate prompt spontaneous termination 
of tachycardia by creating block for the circulating impulse. Further development of new antiarrythmic drugs 
should include a search for components resulting in a reliable and predictable rate-dependent increase in 
refractoriness. 


Evaluation by Serial Electrophysiologic Studies of an Abbreviated Oral Loading Regimen of Amiodarone 


ELEANOR E. KENNEDY, LYNDA E. ROSENFELD, CRAIG A. McPHERSON, and WILLIAM P. BATSFORD 


Serial evaluation of electrophysiologic variables was used in 25 patients with ventricular tachycardia (VT) to 
assess the adequacy of a 1-week oral loading regimen at 1,200 mg/day and to modify discharge dosing. During 
the initial week of loading, highly significant (p <0.001) increases occurred in the AH interval, HV interval, AV 
nodal Wenckebach cycle length, ventricular refractory period and VT cycle length. After 2 months of mainte- 
nance therapy at 800 mg/day or less, as guided by electrophysiologic assessment, there was no additional 
change in any of the above variables except for an increase in VT cycle length. VT inducibility was not 
consistently affected. It is concluded that patients can be discharged after 1 week of oral amiodarone loading at 
1,200 mg/day, and that modification of maintenance dosing by electrophysiologic assessment fosters steady 
perpetuation of cardiac amiodarone effect. 


Spontaneous Termination of Reciprocating Tachycardia Owing to Interaction of Dual Atrioventricular Nodal 
Pathways in Patients with an Accessory Pathway 


KARL-HEINZ KUCK, KLAUS-PETER KUNZE, MICHAEL SCHLUTER, and WALTER BLEIFELD 


In 7 of 125 patients with accessory atrioventricular (AV) pathways, the presence of dual AV nodal pathways was 
suggested by the mode of spontaneous termination of reciprocating tachycardia. Three types of tachycardia 
termination were observed. In 2 patients with antidromic tachycardia, termination was a result of AV nodal 
reentry. In 3 other patients with antidromic tachycardia, termination occurred after a sudden switch from a slow to 
a fast AV nodal pathway, resulting in conduction block within the AV reentrant circuit. In 2 patients with 
orthodromic tachycardia, termination was caused by the occurrence of an AV nodal echo beat. The interaction of 
dual AV nodal pathways within the reentrant circuit incorporating the accessory pathway always inhibited 
sustained reciprocating tachycardia. 


Continued on page A15 
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— LANOXICAPS* 

" (digoxin solution in capsules) 

— 50 pg (0.05 mg) I.D. Imprint A2C (red) 

D: -100 pg (0.1 mg) I.D. Imprint B2C (yellow) 

S 200 ug (0.2 mg) I.D. Imprint C2C (green) 

E Briel Summary of Prescribing Information 

F Before using Lanoxicaps® (digoxin solution in capsules), 
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the physician should be thoroughly familiar with the 
basic pharmacology of this drug as well as its drug 
Ps. interactions and its indications and usage. 
- CONTRAINDICATIONS: Digitalis glycosides are con- 
. traindicated i in ventricular fibrillation. Any untoward effect 
l requiring permanent discontinuation of other digitalis prep- 
arations usually constitutes a contraindication to digoxin. 
_ Hypersensitivity to digoxin itself is a contraindication to its 
| use. Allergy to digoxin, though rare, does occur. It may 
| E extend to all such preparations, and another digitalis 
_ glycoside may be tried with caution. 
_ WARNINGS: The use of digoxin or other digitalis glyco- 
sides in the treatment of obesity is unwarranted and 
- dangerous. 
-  ltis recommended that digoxin in soft capsules be 
- administered i in divided daily doses to minimize any poten- 
- tial adverse reactions. Where compliance is considered 
. aproblem, single daily dosing may be appropriate (see 
. DOSAGE AND ADMINISTRATION section in complete 
i Dleecribing information). 
Anorexia, nausea, vomiting and arrhythmias may 
Y accompany heart failure or may be indications of digitalis 
[A - intoxication. Clinical evaluation of the cause of these 
- Symptoms should be attempted before further digitalis 
.. administration. 
I Patients with renal insufficiency require smaller than 
. usual maintenance doses of digoxin (see DOSAGE AND 
_ ADMINISTRATION section in complete prescribing 
, © torte) 
— .. Heart failure accompanying acute glomerulonephritis 
requires extreme care in digitalization. Relatively low 
E loading and maintenance doses and concomitant use of 
m antihypertensive drugs may be necessary. Careful 
. monitoring is essential. Digoxin should be discontinued 
3 as soon as possible. 
. Patients with severe carditis, such as carditis associated 
x. with rheumatic fever or viral myocarditis, are especially 
- Sensitive to digoxin-induced disturbances of rhythm. 
Newborn infants display considerable variability in their 
rs “tolerance to digoxin. Premature and immature infants 
. are particularly sensitive, and dosage must not only be 
" penenb but must be individualized according to their 
.. degree of maturity. 
* .. Note: Digitalis glycosides are an important cause of 
1 accidental poisoning in children. 
.. PRECAUTIONS: 
à General: Digoxin toxicity develops more frequently and 
- lasts longer in patients with renal impairment because of 
the decreased excretion of digoxin. Therefore, dosage re- 
quirements will be decreased in patients with moderate to 
b: Severe renal disease (see DOSAGE AND ADMINISTRATION 
- Section in complete prescribing information). More time is 
a required to achieve an initial or new steady-state concen- 
tration i in patients with renal impairment than in patients 
k: with normal renal function. 
: t^t patients with hypokalemia, toxicity may occur despite 
. Serum digoxin concentrations within the ‘‘normal range"', 
T because potassium depletion sensitizes the myocardium 
P coto digoxin. Hypokalemia may result from diuretic, ampho- 
à tericin B or corticosteroid therapy, and from dialysis or 
. mechanical suction of gastrointestinal secretions. It may 
. also accompany malnutrition, diarrhea, prolonged 
^ Peeing, old age and long-standing heart failure. In 
. general, rapid changes in serum potassium or other elec- 
. trolytes should be avoided, and intravenous treatment with 
_ potassium should be reserved for special circumstances as 
. described below (see TREATMENT OF ARRHYTHMIAS 
- PRODUCED BY OVERDOSAGE section in complete pre- 
s . Scribing information). 
p . Calcium, particularly when administered rapidly by the 
. intravenous route, may produce serious arrhythmias in 
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digitalized patients. Hypercalcemia from any cause pre- 
disposes the patient to digitalis toxicity. Hypocalcemia 
can nullify the effects of digoxin in man; digoxin may be 
ineffective until serum calcium is restored to normal. 

Hypomagnesemia may predispose to digitalis toxicity. If 
low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 

Quinidine and verapamil cause a rise in serum digoxin 
concentration, with the implication that digitalis intoxi- 
Cation may result. This rise appears to be proportional 
to the dose. Due to the considerable variability of these 
interactions, digoxin dosage should be carefully 
individualized. 

Certain antibiotics may increase digoxin absorption in 
patients who convert digoxin to inactive metabolites in the 
gut (see Pharmacokinetics portion of the CLINICAL 
PHARMACOLOGY section in complete prescribing in- 
formation). The magnitude of rise in serum digoxin con- 
centration may be as much as two-fold in some cases. 
This interaction is significantly reduced if digoxin is given 
as Lanoxicaps. 

Patients with acute myocardial infarction or severe 
pulmonary disease may be unusually sensitive to digoxin- 
induced disturbances of rhythm. 

Atrial arrhythmias associated with hypermetabolic states 
(e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended 
as the only treatment of these arrhythmias and care must 
be taken to avoid toxicity. In hypothyroidism, the digoxin 
requirements are reduced. Digoxin responses in patients 
with compensated thyroid disease are normal. 

Reduction of digoxin dosage may be desirable prior to 
electrical cardioversion to avoid induction of ventricular 
arrhythmias, but the physician must consider the con- 
sequences of rapid increase in ventricular response to 
atrial fibrillation if digoxin is withheld 1 to 2 days prior to 
cardioversion. If there is a suspicion that digitalis toxicity 
exists, elective cardioversion should be delayed. If it is not 
prudent to delay cardioversion, the energy level selected 
should be minimal at first and carefully increased in an 
attempt to avoid precipitating ventricular arrhythmias. 

Incomplete AV block, especially in patients with Stokes- 
Adams attacks, may progress to advanced or complete 
heart block if digoxin is given. 

In some patients with sinus node disease (i.e. Sick 
Sinus Syndrome), digoxin may worsen sinus bradycardia 
or sino-atrial block. 

In patients with Wolff-Parkinson-White Syndrome 
and atrial fibrillation, digoxin can enhance transmission 
of impulses through the accessory pathway. This effect 
may result in extremely rapid ventricular rates and even 
ventricular fibrillation. 

Digoxin may worsen the outflow obstruction in patients 
with idiopathic hypertrophic subaortic stenosis (IHSS). 
Unless cardiac failure is severe, it is doubtful whether 
digoxin should be employed. 

Patients with chronic constrictive pericarditis may fail to 
respond to digoxin. In addition, slowing of the heart rate 
by digoxin in some patients may further decrease cardiac 
output. 

Patients with heart failure from amyloid heart disease or 
constrictive cardiomyopathies respond poorly to treatment 
with digoxin. 

Digoxin is not indicated for the treatment of sinus tachy- 
cardia unless it is associated with heart failure. 

Digoxin may produce false positive ST-T changes in the 
electrocardiogram during exercise testing. 

Intramuscular injection of digoxin is extremely painful 
and offers no advantages unless other routes of adminis- 
tration are contraindicated. 

Drug Interactions: Potassium-depleting corticosteroids 
and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the 
intravenous route, may produce serious arrhythmias. 
Quinidine and verapamil cause a rise in serum digoxin con- 
centration, with the implication that digitalis intoxication 
may result. Certain antibiotics increase digoxin absorption 
in patients who inactivate digoxin by bacterial metabolism 
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in the lower intestine, so that digitalis intoxication may 

result. Propantheline and diphenoxylate, by decreasing 

gut motility, may increase digoxin absorption. Antacid: 
kaolin-pectin, sulfasalazine, neomycin, cholestyramine 
and certain anticancer drugs may interfere with intestin 
digoxin absorption, resulting in unexpectedly low serun 
concentrations. Thyroid administration to a digitalized, 
hypothyroid patient may increase the dose requirement 
of digoxin. Concomitant use of digoxin and sym- 
pathomimetics increases the risk of cardiac arrhythmia 
because both enhance ectopic pacemaker activity. Suc 
cinylcholine may cause a sudden extrusion of potassiui 
from muscle cells, and may thereby cause arrhythmias 
digitalized patients. Although B adrenergic blockers or 
cium channel blockers and digoxin may be useful in co 
bination to contro! atrial fibrillation, their additive effect 
on AV node conduction can result in complete heart blc 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

There have been no long-term studies performed in 

animals to evaluate carcinogenic potential. 

Pregnancy: Teratogenic Effects: Pregnancy Category ( 

Digoxin should be given to a pregnant woman only if 

clearly needed. 

Nursing Mothers: Caution should be exercised when 

digoxin is administered to a nursing woman. 

ADVERSE REACTIONS: The frequency and severity of 

adverse reactions to digoxin depend on the dose and rc 

of administration, as well as on the patient's underlying 
disease or concomitant therapies (see PRECAUTIONS 

section). The overall incidence of adverse reactions ha: 
been reported as 5 to 2096, with 15 to 2096 being cons 
ered serious (1 to 4% of patients receiving digoxin). Ca 
diac toxicity accounts for about one-half, gastrointestin 
disturbances for about one-fourth, and CNS and other 

toxicity for about one-fourth of these adverse reactions. 

Adults: 

Cardiac— Unifocal or multiform ventricular premature 

contractions, especially in bigeminal or trigeminal 

patterns, are the most common arrhythmias associated 
with digoxin toxicity in adults with heart disease. Ventri 
lar tachycardia may result from digitalis toxicity. Atriove 
tricular (AV) dissociation, accelerated junctional (nodal! 
rhythm and atrial tachycardia with block are also comm 
arrhythmias caused by digoxin overdosage. Excessive 
slowing of the pulse is a clinical sign of digoxin over- 

dosage. AV block (Wenckebach) of increasing degree n 

proceed to complete heart block. 

Note: The electrocardiogram is fundamental in 
determining the presence and nature of these 
cardiac disturbances. 

Gastrointestinal—Anorexia, nausea, vomiting and les: 

commonly diarrhea are common early symptoms of ovi 

dosage. Uncontrolled heart failure may also produce su 
symptoms. 

CNS— Visual disturbances (blurred or yellow vision), 

headache, weakness, apathy and psychosis can occur. 

Other—Gynecomastia is occasionally observed. 

Infants and Children: Toxicity differs from the adult in a 

number of respects. Anorexia, nausea, vomiting, diarrh 

and CNS disturbances may be present but are rare as in 
symptoms in infants. Cardiac arrhythmias are more reli- 

able signs of toxicity. Digoxin in children may produce a 

arrhythmia. The most commonly encountered are condi 

tion disturbances or supraventricular tachyarrhythmias, 
such as atrial tachycardia with or without block, and junc 

tional (nodal) tachycardia. Ventricular arrhythmias are li 

common. Sinus bradycardia may also be a sign of i impe 

ing digoxin intoxication, especially in infants, even in th 
absence of first degree heart block. Any arrhythmia or 
alteration in cardiac conduction that develops in a child 
taking digoxin should initially be assumed to be a conse 
quence of digoxin intoxication. 
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877  Electrophysiologic Evaluation of the Antiarrhythmic Effects of N-Acetylprocainamide for Ventricular 
Tachycardia Secondary to Coronary Artery Disease 


JONATHAN WYNN, DENNIS S. MIURA, VILMA TORRES, DAVID FLOWERS, DEBORAH KEEFE, 
SHARON WILLIAMS, and JOHN C. SOMBERG 


re- 


N-acetylprocainamide (NAPA), an active antiarrhythmic metabolite of procainamide, was studied in 12 patients 
with coronary artery disease who presented with a cardiac arrest or documented sustained ventricular tachycar- 
dia (VT). Programmed electrical stimulation studies were performed in all 13 patients and all had inducible VT. 
Procainamide, 1,000 mg administered intravenously, was tested in 10 patients, and in 8 of them VT could still be 
provoked. NAPA, 18 mg/kg intravenously, prevented VT induction in 5 of 12 patients. Two patients have done 
well with long-term oral NAPA therapy, 1 died shortly after hospital discharge, and 2 patients had VT during Holter 
monitoring early in the therapeutic program. NAPA may be a useful antiarrhythmic drug for patients with VT. 


883  Electropharmacologic Testing in Sustained Ventricular Tachycardia Associated with Coronary Heart 
Disease: Value of the Response to Intravenous Procainamide in Predicting the Response to Oral 
Procainamide and Oral Quinidine Treatment 


DANIEL S. OSERAN, ELI S. GANG, MARK E. ROSENTHAL, WILLIAM J. MANDEL, and THOMAS PETER 


Twenty patients with inducible sustained ventricular tachycardia were prospectively evaluated in order to 
determine whether the response to intravenous procainamide, as assessed by programmed ventricular stimula- 
tion, predicted the response to oral procainamide and oral quinidine administration. Overall, 6 patients (30%) 
responded favorably to intravenous procainamide, 10 (5096) responded to oral quinidine and 5 (25%) responded 
to oral procainamide. Fifteen patients (7596) had a concordant drug response for intravenous and oral procaina- 
mide. Ten patients (5096) had a concordant response for intravenous procainamide and oral quinidine. Fifteen 

w^ patients (7596) had a concordant response for oral procainamide and oral quinidine. Thus, in patients with 
sustained ventricular tachycardia, the response to intravenous procainamide does not reliably predict the 
response to oral quinidine or oral procainamide. Serial day drug studies with these agents appear to be 
necessary. 


887 Spectrum of Antiarrhythmic Response to Encainide 


HENRY J. DUFF, DAN M. RODEN, EDMUND L. CAREY, THEODORE WANG, R. KIRBY PRIMM, and 
RAYMOND L. WOOSLEY 


Thirty-seven patients were treated with encainide. Eight patients with sustained ventricular tachycardia and 
ischemic heart disease did not respond favorably to encainide, and more important, they frequently had 
paradoxical worsening of arrhythmias on encainide. In contrast, encainide was highly effective in patients with 
sustained ventricular tachycardia in the absence of old myocardial infarction. In patients with symptomatic, 
nonsustained ventricular tachycardia, encainide was also frequently effective independent of the underlying heart 
disease. 


L- 892 Exercise-induced Left Bundle Branch Block and Its Relation to Coronary Artery Disease 
CHARLES VASEY, JACQUELINE O'DONNELL, STEPHEN MORRIS, and PAUL McHENRY 


The records of 2,584 consecutive patients who underwent both treadmill exercise testing and coronary 
cineangiography were reviewed to detemine the relation between exercise-induced, acceleration-dependent left 
bundle branch block (LBBB) and the presence of coronary artery disease (CAD). Rate-dependent LBBB during 
exercise was identified in 28 patients (1.196), who were categorized according to their presenting symptoms. 
CAD was present in 7 of 10 patients who presented with classic angina pectoris, but 12 of 13 patients presenting 
with atypical chest pain had normal coronary arteries. All 10 patients in whom LBBB developed at a heart rate of 
125 beats/min or greater were free of CAD. It is concluded that patients presenting with atypical chest pain in 
whom rate-dependent LBBB develops during treadmill exercise testing are significantly less likely to have CAD 
than patients who present with classic angina, and the onset of LBBB at a heart rate of 125 beats/min or greater is 
highly correlated with the presence of normal coronary arteries, regardless of patient presentation. 


CONGESTIVE HEART FAILURE 


896 Acute Effects of Digoxin on Total Systemic Vascular Resistance in Congestive Heart Failure Due to Dilated 
" Cardiomyopathy: A Hemodynamic-Hormonal Study 
HILLEL S. RIBNER, DOMINIC A. PLUCINSKI, ANN-MING HSIEH, DENNIS BRESNAHAN, 
AGOSTINO MOLTENI, JOSEPH ASKENAZI, and MICHAEL LESCH 


The effects of the digitalis glycosides on systemic vascular resistance (SVR) in patients with congestive heart 
failure are controversial. Most investigators report a reduction in total SVR, which has been ascribed to 
withdrawal of elevated sympathetic tone. However, a decrease in SVR has not been found in all cases; plasma 
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v o . failure due to dilated cardiomyopathy. Although significant decreases occurred in both plasma renin activity 

* ; and plasma norepinephrine levels, total SVR did not decrease. Accordingly, improvement in cardiac function in 
this group appears to be a result of enhanced contractility without an associated reduction in impedance. Lack of 

. concordance between SVR and changes in vasoactive hormones remains to be explained. 


E E . CONGENITAL HEART DISEASE 


| Bi uiponse to the Valsis Maneuver After the Fontan Procedure for Tricuspid Valve Atresia, Single Ventricie 
an (or permonie Valve Atresia 
SAMUEL S. GIDDING, AMNON ROSENTHAL, ALBERT P. ROCCHINI, and MACDONALD DICK 





Valsalva maneuvers were performed during cardiac catheterization in 9 patients who had undergone a Fontan 

operation and in 10 control subjects. Patients in the Fontan group had higher right atrial pressure, lower cardiac 
. index, lower stroke index and higher systemic vascular resistance than control subjects. Four Fontan patients had 
. a normal 4-phase Valsalva response and 5 did not. Right atrial pressure was similar in normal and abnormal 
| responders, whereas in the normal responders cardiac index and stroke index were higher and systemic vascular — 
resistance was lower. Thus, cardiac output is a better predictor of a normal response to the Valsalva maneuver  - 
than right atrial pressure in patients after the Fontan procedure. A normal response to the supine Valsalva 
maneuver suggests a cardiac index greater than 2.4 liters/min/m? and stroke index greater than 31 ml/beat/m?. 
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are not enough 


^* Calan ves, 
(verapamil HCI) 


Calan plus nitrates: 
Unique hemodynamic benefits 


@ increased myocardial oxygen supply — 
prevents vasoconstriction both in large 
coronary arteries and in coronary arterioles 











€ reduced myocardial oxygen demand due to 


—a reduction in peripheral vascular 
resistance (afterload) 


—a decrease in venous return (preload) 
—a modest decrease in contractility 





“It makes sense to treat those patients [with 
chronic stable angina]... [with] an agent 
that has a beneficial effect on both oxygen 
demand and supply, rather than a beta 
blocker which attacks just one side of 

that ratio." 





Calan plus nitrates: 
Efficacy for all types 
of angina 


"...à combination of rate-lowering vasodilator 
(verapamil...) and long-acting nitrates... is very 
efficacious in patients with variant angina, angina 
of effort, and unstable angina at rest.’” 
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@ clinically significant improve- ^ 
ment in exercise tolerance E 





@ clinically significant reduc- — 
tion in the number of attacks — 
Dose 360 d "13 
mg day and the need for sublingual in 
nitroglycerin ae 


P- 0.001 
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> Calan safety: 
Favorable side-effects profile 





h.t 


With Calan, side effects such ~ 
as fatigue, mental depression, — - 
impotence or bradycardia (heart — 
rate less than 50 beats/min) 
seldom occur. 


In one study involving 63 
patients “verapamil therapy was. 
not discontinued in any patient 
because of the development of 
adverse reactions.” 


i | la ee ho 
(verapamil HCI) 
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2 1982. 6. Weiner, D. A., and others: Efficacy and Safety of Verapamil in Patients With Angina Pectoris After 1 Year of Continuous, High-Dose Therapy, Am. J. Cardiol. 57:1251-1255 (May 1) 1983. 
V 7. Frishman, W. H., and others: Superiority of Verapamil to Propranolol in Stable Angina Pectoris: A Double-blind, Randomized Crossover Trial, Circulation 65 (Suppl. 1):51-59 (Jan.) 1982. n 
8. Scheidt, S., and others: Long-Term Effectiveness of Verapamil in Stable and Unstable Angina Pectoris: One-Year Follow-Up of Patients Treated in Placebo-Controlled Double-Blind 
Randomized Clinical Trials, Am. J. Cardiol. 50:1185-1190 (Nov.) 1982. 9. Bowles, M. J., and others: Double-blind Randomized Crossover Trial of Verapamil and Propranolol in Chronic Stable - 
- Angina, Am. Heart J. 106:1297-1306 (Dec.) 1983. 10. Product Labeling. 
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Calan? 7s1ets 
(verapamil HCI) 


- . Contraindications: Severe left ventricular dysfunction (see Warn- 
. . ings), hypotension (systolic pressure<90 mm Hg) or cardiogenic 
shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 
3rd-degree AV block. 
— .. Wamings: Verapamil should be avoided in patients with severe 
.... left ventricular dysfunction (eg, ejection fraction<30%) or mod- 
erate to severe symptoms of cardiac failure. Control milder heart 
- failure with optimum digitalization and/or diuretics before Calan 
is used. Calan may occasionally produce hypotension, usually 
asymptomatic, orthostatic, mild, and controlled by decrease in 
Calan dose. Elevations of liver enzymes have been reported. Four 
cases have been demonstrated to be produced by verapamil. Pe- 
riodic monitoring of liver function in patients on verapamil is pru- 
= dent. Patients with atrial flutter/fibrillation and an accessory AV 
~ pathway (eg, WPW or LGL syndromes) may develop a very rapid 
ventricular response after receiving verapamil (or digitalis). Treat- 
. . mentis usually DC-cardioversion. AV block may occur (3rd-de- 
. gree, 0.8%). Development of marked 1st-degree block or progres- 
Sion to 2nd- or 3rd-degree block requires reduction in dosage or, 
rarely, discontinuation and institution of appropriate therapy. Si- 
[a . Rus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary 
^. edema and/or severe hypotension were seen in some critically ill 
.... patients with hypertrophic cardiomyopathy who were treated with 


Precautions: Verapamil should be given cautiously to patients with 
___ impaired hepatic function (in severe dysfunction use about 30% 
- .. Of the normal dose) or impaired renal function, and patients should 
~ bemonitored for abnormal prolongation of the PR interval or other 
-Signs of overdosage. Verapamil may decrease neuromuscular 
| transmission in patients with Duchenne's muscular dystrophy and 
. . may prolong recovery from the neuromuscular blocking agent 
= vecuronium. It may be necessary to decrease verapamil dosage 
—. "in patients with attenuated neuromuscular transmission. Studie- 
—... in a small number of patients suggest that concomitant use of 
- . Calan and beta-blockers may be beneficial in patients with chronic 
-. Stable angina. Combined therapy can also have adverse effects 
- . en cardiac function. Therefore, until further studies are complet- 
- . ed, verapamil should be used alone if possible. If combined ther- 
apy is used, patients should be monitored closely. Combined ther- 
py with verapamil and propranolol should usually be avoided in 
... patients with AV conduction abnormalities and/or depressed left 
ventricular function or in patients who have also recently received 
... methyldopa. Chronic verapamil treatment increases serum digox- 
- in levels by 50% to 70% during the first week of therapy, which 
. . canresult in digitalis toxicity. The digoxin dose should be reduced 
. . when verapamil is given, and the patient carefully monitored. Ve- 
rapamil may have an additive hypotensive effect in patients re- 
- Ceiving blood-pressure-lowering agents. Disopyramide should not 
| begiven within 48 hours before or 24 hours after verapamil admin- 
-  istration. Until further data are obtained, combined verapamil and 
.  Quinidine therapy in patients with hypertrophic cardiomyopathy 
` . Should probably be avoided, since significant hypotension may 
result. Concomitant use of inhalation anesthetics and calcium an- 
. tagonists needs careful titration to avoid excessive cardiovascu- 
lar depression. Verapamil may potentiate the activity of neuro- 
_ Muscular blocking agents (curare-like and depolarizing); dosage 
reduction may be required. Adequate animal carcinogenicity stud- 
ies have not been performed. One study in rats did not suggest a 
_ tumorigenic potential, and verapamil was not mutagenic in the 
-— Ames test. Pregnancy Category C. There are no adequate and 
well-controlled studies in pregnant women. This drug should be 
used during pregnancy, labor, and delivery only if clearly needed. 
Itis not known whether verapamil is excreted in breast milk; there- 
. .. fore, nursing should be discontinued during verapamil use. 
——. Adverse Reactions: Hypotension (2.9%), peripheral edema (1.7%), 
AV block: 3rd-degree (0.8%), bradycardia: HR<50/min (1.1%), CHF 
.. or pulmonary edema (0.9%), dizziness (3.6%), headache (1.8%), 
| fatigue (1.1%), constipation (6.3%), nausea (1.6%); elevations of 
liver enzymes have been reported (see Warnings). The following 
. reactions, reported in less than 0.5% of patients, occurred under 
-Circumstances where a causal relationship is not certain: confu- 
. Sion, paresthesia, insomnia, somnolence, equilibrium disorders, 
blurred vision, syncope, muscle cramps, shakiness, claudication, 
hair loss, macular eruptions, spotty menstruation, ecchymosis, 
bruising, gynecomastia, and psychotic symptoms. Overall contin- 
 vation rate was 94.5% in 1,166 patients. 
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you 
what you'll be watching 


The American Journal of Cardiology does more than just print the best in authoritative 
articles on cardiovascular treatment. Now it puts them on videotape. 

Hosted by Editor-in-Chief William C. Roberts, MD, AJC Video Report will feature 
lively, highly-visualized discussions with noted cardiovascular specialists and authors of 
the most important articles appearing each month in The American Journal of Cardiol- 
ogy. And it will extend the utility of the articles by exploring their application in clinical 
practice. 

Each of the 45 minute videocassettes will feature a special guest panelist as well as 

the guest authors discussing: 
e Coronary Heart Disease * Arrhythmias and Conduction Disturbances * 
Systemic Hypertension * Congestive Heart Failure ¢ Valvular Heart Dis- 
ease * Cardiomyopathy * Congenital Heart Disease * Cardiovascular 
Pharmacology and * Experimental Studies 


AJC Video Report will be produced on a regular monthly basis starting January, 1986. 
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TO RECEIVE every copy of AJC Video Report—at the special intro- 
ductory subscription price of $395* for 12 cassettes—complete this 
coupon and send it to: Joyce Sturges, AJC Video Report, The Yorke 
Medical Group, 875 Third Avenue, New York, N.Y. 10022. Or call 
(212) 605-9549. 


AJC 11/15 
Name: 
Address: 











L] Payment enclosed. (|! Bill me. [C Charge my credit card 
U Visa [) MasterCard [C American Express 


Card # 
Signature 
O Phys. (J Hosp. C Med. Sch. O Med. specialty: 


Guarantee of satisfaction: If for any reason you are not completely satisfied, 
you may cancel and receive a full refund on all unmailed copies of AJC Video 
Report. 


Format desired: | | VHS .] BETA 


BA cna orders add $120 for freight and handling. Payment must be in U.S. 
dollars. 
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Prediction of Functional Capacity and Use of Exercise 
Testing for Predicting Risk After Acute Myocardial Infarction 


ERLING BIRK MADSEN, MD, PhD, ELIZABETH GILPIN, MS, STAFFAN AHNVE, MD, 
HARTMUT HENNING, MD, and JOHN ROSS, Jr., MD 





This study evaluated whether an ischemic exercise 
test response or functional capacity could be pre- 
dicted from data available during hospitalization in 
patients discharged after acute myocardial infarc- 
tion (AMI). The value of exercise test variables for 
predicting death and new AMI within 1 year was also 
examined. Among 1,469 patients, 466 (32%) un- 
derwent treadmill exercise testing around the time 
of discharge. An ischemic exercise test response 
(ST-segment depression or angina) could not be 
predicted. Good functional capacity (more than 4 
METs) could be predicted from age and ST-segment 
changes at rest. Among the 60% of the patients who 
were predicted to have functional capacity of more 
than 4 METs, only 15% had poor functional capacity 
at the time of testing. Multivariate analysis for pre- 





Exercise testing soon after acute myocardial infarction 
(AMI) has important prognostic implications.! Several 
exercise test variables, including functional capacity,?-? 
ST-segment depression,??-1? exercise induced-angina 
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dicting death and new infarction selected only 
functional capacity (continuous variable in METs), 
which classified 72% of the patients into a low-risk 
group with less than a 2% rate of death and new 
AMI in the first year. The high-risk group (29 % of the 
patients) had an 18% rate of death or new AMI. It 
is concluded that functional capacity is the most 
important exercise test variable and that patients 
likely to have good functional capacity can be 
identified on the basis of age and ST-segment 
changes at rest. Further, the level of functional ca- 
pacity on exercise testing can identify groups of 
patients with very low and relatively high risk of 
death or new AMI within 1 year. 


(Am J Cardiol 1985;56:839-845) 


pectoris?:12-14.17,19,20 and ventricular premature com- 
plexes251319,2,22 are well established as unvariate 
prognostic factors. The relation between clinical vari- 
ables available during the hospitalization and exercise 
test variables has been evaluated in only a few stud- 
ies.5.16.23 Tf prediction of the exercise test response based 
on clinical data were possible, then the value of the ex- 
ercise test would decrease. Prediction of death after 
AMI has been made with similar accuracy using either 
clinical data alone, exercise test data alone or a combi- - 
nation of the 2 sets of data.?* 

Patients who undergo exercise testing generally have 
a low risk of death and new AMI, ranging from 4% to 
10% during long-term follow-up.9:19.15.1718 Identification. 
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_ of subgroups of patients with even lower risk or rela- 
_ tively high risk among patients who undergo exercise 
ode sting could have important clinical applications with 
reg rd to therapy and follow-up. This study aims to 
(€ arity the following questions about the exercise test 

- after AMI: Can an ischemic exercise test response and 
Fs. les il of functional capacity be predicted from historical 
and clinical data available during the hospitalization? 
Can subgroups of patients who are at very low or rela- 
ati ‘tively high risk of death or new AMI be identified by use 
(0 exercise test variables? 
E: 

Es Ho Methods 
s (P Patients: The study population consisted of 1,469 patients 

discharged after definite AMI. Among these patients, 466 
95) underwent treadmill exercise testing around the time 
of hospital discharge (average discharge day 12 + 4), but not 
er than 6 weeks after discharge. The exercise test was per- 
ormed during the late hospitalization in 80% of the patients 
* m 1 within 2 weeks after discharge in 9%. 
‘The patients were admitted within 24 hours after onset of 
ayr proms to the University of California Medical Center, San 
E Diego (55 patients), San Diego Veterans Administration 
Hospital (48 patients), U.S. Naval Regional Medical Center 
.. in San Diego (197 patients), and Vancouver General Hospital, 
. Vancouver, British Columbia, Canada (166 patients), from 
. January 1, 1979 to November 1, 1984. The data, including 
€ xercise test variables, were gathered prospectively on special 
forms for a data base supported by the Specialized Center of 
Resez arch (SCOR) on Ischemic Heart Disease at the University 
fornia Medical Center, San Diego. One objective of our 
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Without Test With Test 
Total — ANN 
n n (96) n (%) | p Value 
No. of pts 1,469 1,003 466 
Men 1,123 741 (74) 382 (82) 0.0008 
Age (yr) 64+ 12 58+ 12 <0.00001 
Previous 
Infarction 433 332 (33) 101 (22) «0.00001 
Heart failure 170 147 (15) 23 (5 | «0.00001 
Angina 588 463 (46) 125 (27) «0.00001 
Hospitalization 
Inferior AMI 554 350 (35) 204 (44) 0.001 
Subendocardial 318 233 (23) 85 (18) 0.03 
Extension 90 73 (7 17 (4) 0.009 
Basal rales 927 667 (67) 260 (56) 0.0001 
Bradycardia 642 419 (42) 223 (48) 0.03 
VT 382 220 22) 162 (35) «0.00001 
Maximal heart rate 94 + 20 92+ 19 0.01 
Minimal systolic BP 103 + 14 101+ 14 0.005 
Maximal respiratory rate 23+ 4 22+3 0.0006 
Maximal CK 1,092 + 939 1,393 + 1,136 <0.00001 F 
Maximal BUN 23 + 12 +9 0.0001 
Discharge 
Basal rales 103 82 (8) 21 (5) 0.01 
Digitalis 544 423 (42) 121 (26) <0.00001 | 
B-blockers 632 384 (38) 248 (53) «0.00001 T 
LVEF 0.48 + 0.14 0.50 + 0.13 0.01 l 
CT ratio 0.50 + 0.06 0.48 + 0.05 <0.00001 
Follow-up 1-year 1,223 859 (86) 364 (78) 
Death/new AMI 155 128 (15) 27 (7) 0.0005 


The mean + standard deviation is listed for continuous variables. 
AMI = acute myocardial infarction; BP = blood pressure; BUN = blood urea nitrogen; CK = creatine 
kinase; CT = cardiothoracic; LVEF = left ventricular ejection fraction; VT = ventricular tachycardia. 


The diagnosis of AMI was established by at least 2 of the 
following criteria: characteristic chest pain; electrocardio- 
graphic changes with evolution of Q waves (transmural in- 
farction); and elevated creatine kinase levels. Nontransmural 
infarction was diagnosed by typical ST-segment and T-wave 
changes accompanied by elevated creatine kinase levels. — . 

Clinical variables: As previously described in detail, 
clinical variables included data from the history, physical 
examination during the hospitalization and at discharge (e.g., 
maximal heart rate and pulmonary rales), laboratory findings. 
(e.g., enzyme levels), radiographic variables (pulmonary ve- 
nous congestion and cardiothoracic ratio) and the electro- 
cardiogram (e.g., arrhythmias and ST-segment depression or 
elevation of at least 0.1 mV at rest). Administration of med- 
ications at the time of discharge was also noted. | 

In a subgroup of 750 patients, of whom 374 also underwent. 
exercise testing, left ventricular ejection fraction (LVEF) was 
measured either by radionuclide techniques just before dis- 
charge or by cardiac catheterization up to 6 weeks after dis- 
charge. In another subgroup of 828 patients, of whom 280 
underwent exercise testing, the presence of complex ventric- 
ular arrhythmias from a 24-hour ambulatory monitoring just 
before discharge was determined as previously described.?5 

Exercise testing: The exercise test was an optional part 
of our SCOR study protocol. In general, patients were selected 
for the exercise test based on the judgment of the attending 
physician. During the study period, exercise testing early after 
acute myocardial infarction became more accepted as a safe 
and useful test. The main reasons for not performing an ex- 
ercise test were advanced age, poor general condition, severe 
cardiac dysfunction or disease of other organs precluding 
adequate exercise. 

The 466 patients who underwent exercise testing Aer i 
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e - TABLE II Variables of Univariate Importance for Ischemic Exercise Test Response 
- E (Exercise-Induced ST-Segment Depression and Angina) 


Exercise Test Response 








Ischemic C 
i Total n (%) n (%) p Value P. 
l 12 
is No. of pts 374 169 (45) 205 (55) E. 
i Age (yr) 56+ 13 60 + 11 0.002 a 
| Previous mu 
Infarction 80 28 (17) 52 (25) 0.05 ^45 
Angina 95 29 (17) 66 (32) 0.001 + 2 
Hypertension 146 55 (33) 91 (44) 0.03 A 
Hospitalization "e 
Peak leukocytes X 10? 125 9245 113 7844 0.007 
ST-segment 43 11 (7) 32 (16) 0.009 
depression 
Discharge 6 blockers 201 79 (47) 122 (60) 0.01 


The mean + standard deviation is listed for continuous variables. 


underwent exercise testing had previous heart failure or an- 
gina, showed signs of heart failure during the hospitalization 
or were treated with digitalis. The number of deaths and new 
infarctions within 1 year was significantly higher among the 
patients without exercise tests (15%) than in patients with 
exercise tests (7%). 

Exercise test protocol: The exercise test was performed 
- with a standard Bruce protocol?6 in 80 patients (17%), modi- 

E M fied Bruce (Sheffield) protocol? i in 230 (4996) and modified 

am Balke protocol?? in 36 (8%); in 120 (26%) further modified 

- . protocols were selected by the attending physician. 

E The limiting conditions for the exercise test were angina 

pectoris in 72 patients (16%), pronounced ST-segment 
changes (at least 0.2 mV depression or elevation) in 34 (7%), 
fatigue i in 207 (4496), shortness of breath in 81 (1796), claudi- 
cation in 20 (4%) and severe dysrhythmias i in 9 (2%). More 
than 1 limiting condition was noted in some patients. 

If no symptoms developed, the patients continued to ex- 
ercise in most cases until they approached 75% of maximal 
age-adjusted heart rate. Tests in 43 patients (9%) without 
limiting symptoms, where the exercise test was stopped at a 
low heart rate, were considered indeterminate. Patients taking 

pa B-blocking agents were included if a heart rate greater than 
100 beats/min was achieved at the termination of exercise, 
. provided a functional capacity above 6 METs (1 MET = 3.5 

p: ml Oo/kg-min) was also attained. These threshold levels were 
selected empirically i in order to exclude patients with low work 

"d loads owing to treatment with -blocking agents. 

- — A Medications were continued during the test, with 121 (26%) 
receiving digitalis, 53 (11%) procainamide and 248 (53%) 
B-blocking agents. ST-segment changes in patients with 
bundle branch block or left ventricular hypertrophy, or those 
receiving digitalis therapy, were considered indeterminate. 

Ninety-two patients had indeterminate test results; these 
results were not analyzed, and 374 patients were left for fur- 
ther study. Among these patients, 295 had been followed for 
1 year at the time of this study, of whom 19 died or had new 
AMIs or both. 

Exercise test variables: (1) Cardiac-based reasons for 
stopping exercise: angina pectoris, pronounced ST-segment 

P. changes, or severe dysrhythmias. (2) Presence of typical an- 
gina pectoris during the test. (3) Functional capacity in METs, 

T d. as calculated from the predicted oxgyen consumption in the 

; . protocols. ?9 Functional capacity was treated both as a con- 
tinuous variable and a discrete variable with a breakpoint 

Ks p Y e of 4 METS or less, which was determined to be the best 
| «point for patients who died or had a new AMI, or both, 

are Ars gunt without these endpoints. (4) Maximal 
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"The ST-segment elevations were required to be in leads other | 





heart rate at peak exercise work load. (5) Abnormal syatalin 5 
blood pressure response: decrease or increase of less than 20 — 

mm Hg during maximal exercise. (6) Exercise-induced ST. - z 
segment depression: flat or downsloping type of at least 0. be 
mV compared with the ECG at rest measured 80 ms after thes $i 
J point in anterior, lateral or inferior leads. If ST- segment - 
depression at rest was present, further ST- segment depression | 1 
of at least 0.1 mV was considered as exercise-induced ST- - 

segment depression. (7) Exercise-induced ST-segment ele- — 
vation: J-point elevation of at least 0.1 mV compared with the - ; 
ECG at rest, without ST-segment depression in other leads. 
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than those exhibiting Q waves. (8) Dysrhythmias: the presence - 
of frequent premature ventricular complexes (more than 6 ig 
beats/min), ventricular tachycardia (more than 3 consecutive 
ventricular complexes) or supraventricular tachycardia (more * 
than 3 consecutive supraventricular premature complexes). - X 
(9) Ischemic exercise test response: presence of exercise-in- — 
duced ST- segment depression as defined above and/or pres- 
ence of angina pectoris during the test. 

Follow-up: Patients were followed up by telephone inter- - 
view in the year after admission. Information concerning 
deaths and new AMI was obtained from the death certificate | 
or hospital records in most cases. l ë: 

Statistics: The Student t test was used to compare mean 
values and a chi-square test to compare incidences of discrete if 
variables between groups. Stepwise linear discriminant . 
function analysis as previously described in detail?? was per- : 
formed to evaluate the independent importance of clinical 
variables for predicting ischemic exercise test responses ora - 
low functional capacity and to evaluate the independent i im- 
portance of exercise test variables for the prognosis of cardiac - 
death or new AMI within 1 year. The prediction results are 
based on the jackknife procedure.?! The results are presented 
as the percentage of correctly classified patients with the 
predicted endpoint, percentage of correctly classified patients — 
without an endpoint and the percentage of the total number . 
of patients correctly classified. In addition, the number of x 


patients in the groups predicted eit have or not to have | 4 
an endpoint was noted and the ipeidence ot ta dpoints i in both — 4 
groups calculated to give t fütes- of' positive en 


false-negative predictions. 
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E by Discriminant Analysis of Historical Variables 
E. and Variables Available During Hospitalization 
EAS 

Ls Variable Rank F Value 
5. Previous angina 1 10.1 
-ST-segment depression at rest 2 7.2 
E eal B-blocking agents 3 6.6 
^ Age 4 1.2 
E: Correct classification n 96 

- Ischemic exercise test response 200 58 

i sila exercise test response 165 66 
|. Tota 365 61 
Mur Mina group with ischemic test 173 47 

: ... Ischemic tests in group 116 67 
-Predicted group with normal test 192 53 

E ... Ischemic tests in group 84 44 





à | variately to an ischemic exercise test response, defined 
.. as exercise-induced ST-segment depression or angina 
E pectoris or both (Table II). The presence of ST-segment 
. depression on the ECG at rest, indicating evidence of 
ke as Boecnemia at rest, was important for predicting an 
T$ _ ischemic exercise test response. 
— LVEF in patients with an ischemic exercise test re- 
: sponse (mean 0.50) was not significantly different from 
that in patients without ischemic exercise responses 
(mean 0.52). Complex ventricular arrhythmias recorded 
| on 24-hour ambulatory monitoring before discharge was 
E. the same in the 2 groups of patients (39%). 
— When the important variables were included in a 
- discriminant analysis with the occurrence of an ischemic 
- exercise test response as the endpoint, only 4 variables 
E were selected, with the presence of previous angina 
A ranked first (Table IID. However, correct classification 
a of patients with and without an ischemic exercise test 
was 61%, and the rate of false-positive responses (pa- 
P _ tients with normal tests in the group predicted to have 
. ischemic tests) was 33% and the rate of false-negative 
I responses (patients with ischemic tests in the group 








_ predicted to have normal tests) was also high—44%. 





Prediction of functional capacity: More clinical 
variables were important univariately for predicting a 
low functional capacity (4 METs or less) (Table IV). 
The presence of ST-segment changes at rest (depression 
or elevation) was related to a low functional capacity. 
Also, 66% of patients with poor functional capacity had 
an ischemic exercise test response, compared to 47% of 
patients with good functional capacity. As expected, 
patients with low functional capacity had significantly 
lower LVEFs. The occurrence of complex ventricular 
arrhythmias on 24-hour ambulatory monitoring in pa- 
tients with poor functional capacity (4296) was not sig- 
nificantly different from that in patients with good 
functional capacity (39%). 

In a multivariate discriminant analysis of predictors 
of poor functional capacity, only age and ST-segment 
changes at rest were selected (Table V). The overall 
correct classification of patients with poor functional 
capacity and with good functional capacity was 68%. A 
good functional capacity was predicted in 60% of the 
patients, and among these patients only 15% had a poor 
test functional capacity. 

Exercise test data and prognosis: In the 295 pa- - 
tients followed 1 year with satisfactory exercise tests, 
among exercise test variables tested univariately, only 3 
functional capacity in METs and the occurrence of ex- 
ercise-induced ST-segment depression were important 
for death and/or new AMI within 1 year (Table VI). 

À discriminant analysis using all exercise test vari- 
ables selected only the functional capacity in METs 
(Table VII). Total correct classification was 7596. In the 
low-risk group of patients (72% of patients, functional 
capacity greater than 4 METS), fewer than 2% died or 

had a new AMI within 1 year. In the high-risk group of 
patients (29% of patients, functional capacity <4 
MET s), 18% reached an endpoint. 


Discussion 


Selection for exercise testing: Patients selected for 
exercise testing usually have a more favorable prognosis 





T | TABLE IV Variables of Univariate Importance for Low Functional Capacity (4 METs or 

Ki i Less) 

E. a Functional Capacity 

E >4 METs X4 METs 

ME. a 

n Total n (96) n (96) ^ p Value 

M No. of pts 374 274 (73) 100 (27) 

Eis Age (yr) 56 + 12 64 + 11 «0.00001 

d kt Previous 

5 Infarction 80 48 (18) 32 (32) 0.004 

ET Angina 95 61 (22) 34 (34) 0.03 

is Hypertension 146 94 (34) 52 (52) 0.003 

ient Heart failure 14 5 (2) 9 (9) ^ 0.003 

Am Hospitalization 

poe Maximal heart rate 91+ 18 96 + 24 0.02 À 
E. Maximal BUN 19 + 7.2 22 + 9.4 0.002 3 
ma Anterior AMI 125 83 (30) 42 (42) 0.03 

Is. Rest ST-segment changes 138 85 (31) 53 (53) «0.00001 

ed Discharge 

xd LVEF 0.52 + 0.13 0.46 + 0.13 0.005 

in CT ratio 0.47 + 0.05 0.49 + 0.05 0.003 

dud Procainamide 38 19 (7) 19 (19) — 0.001 | 
Seay The mean + standard deviation is listed for continuous variables. i Dii AIE ea y 
VNS a Abbreviations as in Table; RA ORT ESADA V AE N fint oa 
bibo. o Daas SS un EYE oss 2 2 MA aC ae e ER tie PRR 
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than patients who are not subjected to exercise test- 
ing.®.18,24 Among our patients who underwent exercise 
testing, 7% died or had a new AMI within 1 year, com- 
pared with 15% among patients who did not undergo 
exercise testing. 

The patients who underwent exercise testing (32%) 
were comparable to other populations?919.15.16 with 
regard to the incidence of basic clinical characteristics 
(Table I). However, as in other studies, the occurrence 


- of clinical variables among the patients who underwent 


exercise testing is influenced by the selection criteria. 
Among our patients who underwent exercise testing, 
56% had basilar rales during the hospitalization, which 
is in agreement with 48% of the patients showing signs 
of heart failure in another study.? At the time of exercise 
testing, 2696 of our patients were treated with digitalis, 
compared with previously reported rates of 26%!° and 
48%. 

The incidence of death and/or new AMI within 1 year 
among the patients who underwent exercise testing (7%) 
was comparable to that in some previous studies (7%,® 
8953), but lower than that in other studies (10955:19:15 and 
13965) in which a greater proportion of patients were 
selected for exercise testing. 

. Exercise test protocol: The treadmill exercise tests 
_in this study were performed with different protocols 
- as selected by the attending physicians at each hospital. 
Only 17% were high-level protocols (Bruce), which may 
overestimate oxygen consumption. Different protocols 
should not be expected to influence the results, because 
most of the patients had limiting symptoms. Most other 
studies have used heart rate-limited tests, but the 
symptom-limited test is superior for detecting ischemic 
abnormalities after myocardial infarction.?? The most 
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TABLE V Prediction of Functional Capacity by __ | 
Discriminant Analysis of Historical Factors and. 
Variables Available During Hospitalization 





Variable Rank F value 
Age 1 41.3 
Rest ST-segment change 2 13.9 
Correct classification n % 
Low functional capacity (<4 METs) 100 66 
Normal functional capacity (>4 METs) 274 69 
Total 374 68 
Predicted group with low capacity 150 40 
Patients with low capacity in group 66 44 
Predicted group with good capacity 224 60 | 
Patients with low capacity in group 34 15 53 


44%); 16% stopped because of angina, an incidence - 
similar to that reported i in previous studies.9:17 
Ischemic exercise test response: The importance — 
of previous angina pectoris? and ST- segment depression | 
at rest? for predicting an ischemic exercise test response - 
was confirmed in this study. The occurrence of an - 
ischemic exercise test response could be underesti- 
mated, because some patients in this study may not i 
5 





have achieved a sufficient workload to detect | 
ischemia. | 
In our group of 374 patients who underwent exercise | 
testing and in whom LVEF was measured, we could not - i 
confirm the relation between a low LVEF and ischemic 
test response as previously reported in studies includi 
data from 2823 and 4016 patients. The mean LVEF was j 
0.48 in our patients, compared with 0.4416 and 0.5323 i in 
the 2 previous studies. The difference in findings may 
be explained by small groups of patients in the 2 pre- 


frequent reason for stopping exercise was fatigue (in vious reports.!®29 : 
ve 

TABLE VI Univariate Relation Between Exercise Test Variables and Death or New RC. 

Infarction One Year After Admission 

Death/New Infarction dt 

Tr^ 

Yes A 

Total No Pi 

n n (96) n p Value ^ 3 

No. of pts 295 19 (6) 276 d 

Cardiac reason for stopping UR 

Yes 80 7 (9) 73 NS ie. 

No 215 12 (6) 203 d 

Angina during test A y 

Yes 62 6 (10) 56 NS 

No 233 13 (6) 220 A 

Systolic BP response SC 

Abnormal 86 7 (8) 79 NS "a 

Normal 206 12 (6) 194 

Dysrhythmias during test 2 

Yes 25 3 (12) 23 NS 1 

No 270 16 (6) 254 z 

ST-segment change au 

Depression 116 12 (10) 104 0.03 P RES 

Elevation 31 1 (3) 30 NS S 

No change 148 6 (4) 142 UE 

Ischemic test response is! 

Yes 161 14 (9) 147 NS x 

No 134 5 (4) 129 Y 

i9 METS (mean X: SD) 4.1 t 1.9 6.2 + 2.6 0.0001 Ss 
un. <4 (high risk) 84 15 (18) 69 A. 
xr. in : ( >4 (low risk) — 4 (2) 207 <0.00001 . we" 
pr, . Maximal heart rate (mean + SD) 113 4 21 121 + 22 NS : f 
er .. BP = blood pressure; NS = not significant; SD = standard deviation. — E pius JEU 
A Ar ea SEN qui "e TON, (DERI ADIIT o AE i 





. TABLE VII Prediction of Death and New Infarction One 
ae Year After Admission with Functional Capacity 
at from Discriminant Analysis 


Variables Rank F Value 

. METS 1 13.0 
-. Correct classification n 96 
— — Death/new infarction 19 79 
Survival/no new infarction 276 75 
Total 295 75 
Patients in low-risk group 211 72 
 Death/new infarction 4 2 
Patients in high-risk group 84 29 


— A Death/new infarction 15 18 


Multivariate analysis of clinical variables has not been 
used before with exercise test parameters as endpoints. 
We found that an ischemic or normal exercise test re- 
k sponse cannot be reliably predicted from historical or 
-. Clinical variables available during the hospitalization. 
3 Functional capacity: The importance of age for 

_ predicting functional capacity is not surprising because 
^ it is inversely related to age. The mean age of patients 
¥ with poor functional capacity was significantly higher 
i than that of patients with good functional capacity. In 
1 . addition, patients with poor functional capacity also had 

. a higher frequency of risk factors and signs of heart 
i Eilüre as previously reported.? Therefore, poor func- 
t tional capacity reflects more advanced heart disease in 

- older patients. 

. . Use of the 2 most important variables selected by 
. multivariate analysis (age and ST-segment changes at 
. rest) indicated that reliable prediction of good func- 
- tional capacity was possible with only a 15% rate of 
e -. false-negative results (Table V). We could not predict 

_ poor functional capacity because the rate of false-pos- 
itive responses was 56%. However, prediction of func- 

_ tional capacity overall was more reliable than prediction 

- of an ischemic exercise response. 

; As an endpoint, functional capacity was dichotomized 

. using a breakpoint value of 4 METs, which corre- 
à - sponded to the best discrimination between patients 

- who did or did not die or have a new AMI. However, the 
relation between this breakpoint and the clinical status 
. of the patient could be limited because some patients 

-with a functional capacity higher than 4 MET also have 
- Clinical signs of heart failure. 

-  Beta-blocking agents: Treatment with 8-blocking 
_ agents was more frequent among patients who under- 
_ went exercise testing compared with those who did not 
.. (53% vs 38%). This finding suggests that patients treated 
with 6-blocking agents were younger and in better 
clinical condition without signs of heart failure at the 
time of discharge, making them more suitable for ex- 
- ercise testing. Among patients who underwent exercise 
testing, more with an ischemic exercise test response 
were treated with f- blocking agents than patients 
Without an ischemic exercise test response (60% vs 47%). 
This can be explained by a greater frequency of previous 
angina pectoris in patients with 6-blocking drugs (31%) 
compared with patients not so treated (20%) (p <0.02). 
. If 8-blocking agents were more frequently prescribed 
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for patients with angina, it would not be surprising if 
these patients experienced more angina during 
testing. 

Prognostic exercise test variables: Our results 
confirm the importance of functional capacity as the 
most important exercise test variable, as previously 
reported.?-? Survivors without a new AMI within 1 year 
achieved a significantly higher functional capacity 
(mean 6.2 vs 4.1 METSs). Functional capacity was the 
only variable selected in multivariate analysis of exercise 
test variables. 

ST-segment depression was univariately important, 
as reported previously,?9-15 but this variable was not 
selected by the multivariate analysis. Other exercise test 
variables, particularly functional capacity, are related 
to ST-segment depression,$ and when functional ca- 
pacity is selected first in the multivariate analysis the 
independent importance of ST-segment depression 
decreases. The same finding has been confirmed by 
another recent multivariate study.? 

The definition of exercise-induced ST-segment de- 
pression could influence the prognostic value of this 
variable. Our definition (flat or downsloping depression 
of at least 0.1 mV) was in accordance with that in pre- 
vious studies.??!?-15 We have previously shown that 
quantitation of the degree of ST-segment depression 
did not improve its prognostic value.® 

Prediction of death and new infarction: Use of 
functional capacity could identify a fairly large low-risk 
group of patients (72%) with a low rate of death or new 
AMI (2%) and a smaller group of patients (28%) with a 
relatively high risk (18%). 

Functional capacity in patients subjected to exercise 
is a good predictor of the outcome 1 year after AMI. The 
number of prognostic endpoints in this study (19 deaths 
or new AMIs) precludes further analysis of the high risk 
group. Additional studies are needed to evaluate 
whether further prognostic stratification of the high-risk 
group is possible. 

Conclusions: An ischemic exercise test response 
(ST-segment depression or angina pectoris) cannot be 
reliably predicted from historical or clinical variables 
from the hospitalization. Patients likely to have good 
functional capacity can be identified by using age and 
ST-segment changes at rest. Good functional capacity 
is the most important exercise test variable for identi- 
fying a low-risk group with very low risk of death and 
new AMI within 1 year. A group of patients at relatively 
high risk can be identified by a poor exercise test func- 
tional capacity. 
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Repeated Quantitative Angiograms in Coronary Arterial 
Aneurysm in Kawasaki Disease 


HIROYUKI NAKANO, MD, KEN UEDA, MD, AKIHIRO SAITO, MD, 
and KEIKO NOJIMA, MD 





Accurate evaluation of the extent of coronary artery 
lesions complicating Kawasaki disease is clinically 
important in patient management. Based on a total 


. of 188 coronary angiograms and retrospective fol- 


low-up observations, the condition of coronary an- 
eurysms was quantitatively graded as: 0 (nor- 
mal)—no significant enlargement in any portion of 
the coronary artery; | (mild)—aneurysmal dilatation 
of the coronary artery evident but localized, with a 
maximal diameter of less than 4.0 mm; Il (moder- 


. ate)—maximal diameter of coronary aneurysms 


between 4.0 and 8.0 mm, regardless of body size; 
Ill (severe)—giant aneurysms, with the maximal 
diameter greater than 8.0 mm. Most mild coronary 


aneurysms regressed to normal within a short time, 
and the patient's prognosis was good. The course 
of grade Il aneurysms varied, depending on initial 
angiographic coronary diameter, but all were 
eventually reduced in coronary size. In contrast, 
grade Ill aneurysms usually progressed to become 
obstructive or stenotic coronary lesions, or the large 
aneurysm persisted. Follow-up observations re- 
vealed that the course of coronary artery disease 
depended on the size and distribution of aneurysms 
at initial angiography. This grading of the severity 
of coronary lesions may provide useful criteria for 
predicting the prognosis of patients with Kawasaki 
disease. (Am J Cardiol 1985;56:846-851) 





Kawasaki disease, an acute febrile illness that affects 
predominantly infants and young children,! produces 


7 coronary aneurysms during the acute stage of the ill- 


ness.” Sudden death may result from myocardial in- 
farction owing to thrombotic occlusion of the coronary 
artery.^^ More than half of the coronary aneurysms can 
regress within 1 year after onset, but some may progress 
into completely obstructive or markedly stenotic coro- 


. nary lesions. Because the morbidity and mortality of 


Kawasaki disease mostly depends on the extent of as- 
sociated coronary artery disease, it is particularly im- 


. portant to assess accurately the condition of coronary 
_ lesions and to observe carefully their natural course. In 
__ the present study, we classified the severity of coronary 
. aneurysms caused by Kawasaki disease based on 
. quantitative coronary cineangiograms and on the re- 


trospective study of follow-up observations. According 


. to this classification, the outcome of coronary artery 


disease and factors that affect the natural course were 
also studied. 
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Methods 


Patients: The present study consists of 138 patients with 
Kawasaki disease who underwent coronary angiography be- 
tween January 1980 and December 1984 for the evaluation of 
coronary artery involvement. There were 80 boys and 58 girls, 
aged 3 months to 12 years (mean 2 years, 10 months) at the 
time of angiography. The interval from angiographic exami- 
nation and disease onset ranged from 24 days to 9 years, and 
106 patients (76.8%) underwent initial angiography within 3 
months of onset. Sixty patients were found to have no car- 
diovascular complications at the first angiographic study, and 
of the remainder, 50 patients, including 38 with right and 48 
with left coronary lesions, underwent repeat angiography for 
follow-up evaluation between 3 and 22 months (mean 11) after 
the initial study. Thus, 188 angiographic studies were evalu- 
ated in the current investigation. All patients who underwent 
repeat angiography had been receiving an antiplatelet agent, 
ticlopidine, 5.0 mg/kg per day, since the convalescent stage 
of the illness. 

Protocol: The patients gave informed consent after the 
procedure was explained. Each patient underwent right and 
left coronary cineangiography in the anteroposterior projec- 
tion at 60 frames/s after 0.3 to 0.5 ml/kg of metrizamide was 
hand injected into each coronary artery. The projected image 
of the end-diastolic frame was accurately traced, and thereby 
coronary artery size was measured. In patients without coro- 
nary lesions, the diameter was measured at the proximal 
segment of the right coronary artery close to the aorta and at 
the midportion of the left main coronary artery. When asso- 


ciated coronary aneurysms were present, the maximal diam- 
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eter of those perpendicular to the axis of the coronary artery 
was measured in the individual vessel. In addition to the 
measurement of coronary diameter, particular attention was 
paid to the progression into obstructive coronary changes in 
the repeat angiographic evaluation. 

Coronary artery aneurysms were angiographically classified 
as solitary, multiple or extensive, according to the distribution 
and extent of lesions. The morphologic feature of aneurysms 
was classified into saccular, sacculofusiform or fusiform shape, 
based on the ratio of short and long axes of aneurysmal le- 
sions. The predominant lesion was distinguished as located 
in the proximal, middle or distal portion of the right coronary 
artery, and the left main, anterior descending or circumflex 
of the left coronary artery. The dominant coronary type was 
determined according to the criteria of the Coronary Artery 
Surgery Study. 


Results 


Normal coronary artery size in infants and 
children: Sixty patients had no associated coronary 
aneurysms, not even transient dilatation of the coronary 
artery during the acute stage of the illness. Coronary 
artery diameters of these subjects served as the normal 
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control values (Fig. 1). A significant correlation xn 
found between body surface area (BSA) and coronary 
artery size (r = 0.81 in the right coronary artery, r = 0.74 
in the left coronary artery). In the right coronary artery, - 


all measurements of the normal diameter were 2.5 mm 
or less in the patients with a BSA of less than 0.5 m?. — 
These values were 3.0 mm or less in the patients with — 
BSA between 0.5 and 1.0 m?, but were 3.0 mm or more 


with BSA of more than 1.0 m?. Similar values were 


measured in the left coronary artery in all but 1 pa- » 
tient, with a BSA of 0.99 m? and a coronary diameter - 


of 3.2 mm. 
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Coronary artery size and the extent and distri- C 


bution of coronary artery involvement: The relation _ 


between the maximal diameter and the extent and 
distribution of coronary lesions was examined in 38 and 


2 LP E 


48 patients associated initially with right or left coro- x 


nary aneurysms, respectively. The maximal diameter 


of a coronary aneurysm in the solitary lesion was usually 


4.0 mm or less in both coronary arteries, whereas mul- 


tiple or extensive lesions were usually 4.0 mm or more — 


regardless of BSA (Fig. 2). As a result, these lesions 
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FIGURE 2. Relation between maximal 
diameter of coronary aneurysms and 
body surface area (BSA). LCA - left 
coronary artery; RCA = right coronary 
artery. 
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(could be br d separated into groups at 4.0 mm 
. coronary artery diameter, despite a slight overlap be- 
 iween the 2 groups. 

B. _ Changes in coronary artery size: Coronary aneu- 
rysms of initial diameter over 4.0 mm were recognized 

in the right coronary artery in 25 patients and in the left 

` coronary artery in 28 patients. Changes in size at fol- 

- low-up, with or without alterations into obstructive 

.— coronary lesions, are indicated in Figures 3 and 4. In the 

. right coronary artery, 8 patients with initial coronary 

. aneurysms 8.4 mm or larger were proved to have ob- 

i structive coronary lesions at follow-up angiography, 

A^ except for 2 patients, in whom giant aneurysms per- 

. sisted almost without changes in coronary size. In con- 

- trast, all coronary aneurysms initially 7.8 mm or smaller 

were markedly smaller and none of the patients in this 

group showed obstructive coronary artery alterations 
at the repeat angiographic study. 
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18 ——— ——-9€ Obstructive lesions on follow-up angiography 





Months after onset of illness 


| | FIGURE 3. Follow-up changes of maximal diameter of aneurysms in 
the right coronary artery (RCA). 


18 — — —-—€ Obstructive lesions on follow-up angiography 





Months after onset of illness 


-FIGURE 4. Follow-up changes of maximal diameter of aneurysms in 
ne left grs artery PSAK: 


At the follow-up study of left coronary lesions, of 11 
patients with initial aneurysms 7.2 mm or larger, coro- 
nary aneurysms changed into obstructive lesions in 7 
patients and the coronary size was not significantly al- 
tered in 4. In all patients with left coronary aneurysms 
6.8 mm or smaller, coronary artery diameter was sub- 
stantially reduced. From these results, we set a common 
separation point of 8.0 mm in diameter to predict the 
prognosis of both right and left coronary lesions. 

Classification of severity of coronary artery 
aneurysm: Based on the present results, the severity 
of coronary artery lesions caused by Kawasaki disease 
were graded as follows: Grade 0 (normal)—no signifi- 
cant enlargement in any portion of the coronary artery. 
Usually the maximal diameter of the coronary artery is 
less than 2.5 mm in patients with a BSA of less than 0.5 
m? and less than 3.0 mm in those of BSA between 0.5 
and 1.0 m?. Grade I (mild)—apparent aneurysmal di- 
latation of the coronary artery is evident, but localized 
with a diameter of less than 4.0 mm. Coronary aneu- 
rysms of mild degree are most frequently seen at the 
proximal segment of the right coronary artery and at the 
bifurcation of the left anterior descending and left cir- 
cumflex coronary artery, indicating a “web” appearance 
(Fig. 5). Grade II (moderate)—the maximal diameter 
of coronary aneurysms between 4.0 and 8.0 mm, re- 
gardless of age and BSA. Coronary artery lesions in this 
group may be solitary, multiple or extensive (Fig. 6). If 
coronary lesions are multiple or extensive even with a 
maximal coronary size of less than 4.0 mm, the lesion 
should be classified as grade II. Grade III (severe)— 
giant aneurysms of the coronary artery with a maximal 
diameter greater than 8.0 mm. Generally, coronary le- 
sions are extensive and diffuse, involving more than 1 
vessel (Fig. 7). 

Follow-up evaluation of coronary artery lesions: 
The changing outcome of right or left coronary artery 
lesions found shortly after the acute stage of Kawasaki 
disease was observed in 50 patients undergoing initial 
angiography within 3 months after onset of the disease 
(Fig. 8). Follow-up angiography was performed in se- 
lected patients when coronary aneurysms were proved 





FIGURE 5. Right (A) and left (B) coronary aneurysms of mild degree 
(grade I) documented on coronary angiograms. Mild aneurysms are most 
frequently seen at the bifurcation of the left anterior descending and 
the left circumflex Coney arteries, bias a "web" iic Rada ca 
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FIGURE 6. Coronary aneurysms of 
moderate degree (grade ll) show vari- 
ous distributions: solitary (A), multiple 
(B) or extensive (C). 


to have regressed to normal appearance on serial 2- 
dimensional echocardiography, and was performed 
about 1 year after initial angiography in the remaining 
patients. In both coronary arteries, most initial coronary 
lesions of grades I and II regressed to normal or im- 
proved to grade I at follow-up study, whereas almost all 
grade III lesions progressed to become obstructive le- 


j- sions (Fig. 9) or were unchanged. 


Factors influencing the course of coronary ar- 
tery lesions: To investigate factors that influence the 
natural course of coronary artery disease, the subjects 
(38 with right and 48 with left coronary lesions) were 
separated into 2 groups. Group I included patients 
whose aneurysms became smaller or regressed to normal 
at follow-up angiography; group II included patients 
whose aneurysms progressed into obstructive lesions or 
did not change. The effects of the following factors on 
the outcome of coronary lesions in each group were ex- 
amined: patient's age at onset of Kawasaki disease; 
gender; dominant coronary type; whether pulse corti- 
costeroid therapy was performed during the acute fe- 
brile period; and the characteristics of coronary aneu- 
rysms documented at initial angiography, such as the 
grade of severity described herein, location, distribu- 







FIGURE 8. Follow-up evaluation of 
coronary artery lesions. LCA = left 
coronary artery; OL — obstructive le- 
sions; RCA - right coronary artery. 
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FIGURE 7. Right (A): ani left (B) coronary aneurysms of severe degree 
(grade lll) documented on angiography. 


tion and morphologic characteristics. The number of 
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subjects in each item is listed in Table I and statistical — 


analysis by chi-square test revealed that the grade 


represented by the condition of the coronary artery and : 


the distribution of lesions in both coronary arteries were 


significantly related to the differences between the 2 
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^. 850 CORONARY ANEURYSMS IN KAWASAKI DISEASE =» = i SSA aa ots iat a na hig a i E VN 
UTE PTT BYTE RENE ORE ERAEN Y RN PCT a o 
E T Je. t ^i ; TU Mr Üü E " 
RR TABLE! Factors Influencing the Natural Course of Coronary Artery Aneurysm After 
Wr Kawasaki Disease 
e 3 RCA LCA 
[à E Group | Group II Group | Group II 
VE (n = 30) (n — 8) (n = 35) (n = 13) 
F Age (mo) (mean + SD) 24 + 26 26 + 23 21+ 20 21+ 20 
E Sex 
PI Male 16 6 21 11 
TN Female 14 2 14 2 
ME Dominant coronary type 
e Right 27 5 27 8 
m. Balanced 2 2 6 2 
kr Left 1 1 2 3 
ph Glucocorticoid therapy 11 2 13 5 
x Grade of coronary aneurysm 
rA | 9 0 16 0 
Er I 21 0, ! 19 | T 
f I 0 8 0 10 
d Location of coronary aneurysm 
Right coronary artery 
a i Proximal 19 5 
bbe Mid 7 3 
PY Distal 4 0 
buo Left coronary artery 
e Left main 23 5 
X N Left anterior descending 10 6 
Bi: Left circumflex 2 2 
X Distribution of coronary aneurysm 
^ k Solitary 12 0 11 0 
ha Multiple 16 3} * 8 4) * 
be) Extensive 2 5 16 9 
dy v e Morphology of coronary aneurysm 
E. Saccular 2 0 1 0 
ae Sacculofusiform 19 5 16 11 
A Fusiform 9 3 18 2 
UM * p <0.05. t p «0.01 between the groups. 
7 zi Group | consists of subjects whose coronary lesions improved on follow-up angiography; group Il consists 
[A of subjects whose coronary lesions became worse. 
Eu SD - standard deviation. 
BA 


oe 

_ groups. Factors other than the size and distribution of 
a? the coronary artery were shown not to contribute to the 
. natural course of coronary artery disease. 


Discussion 


_ — Coronary artery aneurysm is a serious cardiovascular 
_ complication of Kawasaki disease, which occurs in 15 
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_ FIGURE 9. Obstructive lesions documented on coronary angiography. 
A, segmental stenotic lesions of the right coronary artery suggesting 
^. coronary recanalization. B, complete obstruction of the left anterior 
_ descending coronary artery. 


to 20% of patients with the illness.?? The size and dis- 
tribution of coronary lesions have a broad spectrum, 
from transient, slight enlargement to giant aneurysms. 
Two-dimensional echocardiography has been used to 
evaluate the extent of these coronary artery lesions.5-19 
However, echocardiographic measurements of coronary 
artery size have some limitations,!! with unsatisfactory 
results in the detection of slight coronary changes as well 
as obstructive and stenotic coronary lesions. Angio- 
graphic evaluation, therefore, may be required for ac- 
curate and objective assessment of coronary artery in- 
volvement of this disease. 

Angiographic measurements of the normal coronary 
diameter in infants and children varied depending on 
body size and the dominant type of the coronary ar- 
tery.!? Based on the present results, we could define the 
upper limit of normal value for coronary artery diameter 
in terms of BSA. Although somewhat higher values for 
left coronary diameter and lower values for right coro- 
nary diameter were recognized in patients with left 
dominance of the coronary artery, the normal range 
described herein was considered applicable to almost 
all patients regardless of the dominant coronary type. 

A close relation was found in both coronary arteries 
between maximal size and distribution of coronary le- 
sions, and we can separate into 2 groups, grade I and II, 
as to the severity of coronary lesions at the critical size 
of 4.0 mm in diameter. Giant aneurysms, of the maximal 
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diameter of more than 8.0 mm, were associated with a 
serious prognosis with respect to coronary lesions. De- 
spite administration of antiplatelet drugs, large aneu- 
rysms resulted more readily in thrombotic occlusion of 


» the coronary artery, or even if thrombus formation was 
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averted, these large aneurysms remained almost un- 
changed irreversibly. In contrast, coronary lesions of less 
than 8.0 mm tended to regress over time. As a result, the 
coronary artery size of 8.0 mm may represent the critical 
level to distinguish whether reversible changes of re- 
gression may develop in the course of the disease. From 
all the results, including follow-up observations, we have 
classified from grade 0 to grade III the severity of cor- 
onary artery aneurysms after Kawasaki disease, taking 
into consideration the size and prognosis of the coronary 
lesions. 

The effect of treatment during follow-up may con- 
tribute to the changing outcome of coronary artery le- 
sions. Kato et al^? suggested that aspirin reduced the 
incidence of coronary artery thrombosis, but their ob- 
servations in conjunction with the extent of coronary 
lesions remained obscure. In the present study an an- 
tiplatelet agent was uniformly given to all patients after 
the acute period of the illness, and thus the effect of 
treatment was unrelated. On the other hand, cortico- 
steroid’ !2 may increase blood coagulability and has the 


— risk of delaying the healing process of coronary arteritis, 


resulting in the occurrence of coronary aneurysms. 
However, our study indicates that this agent did not 
play a significant role in the natural course of coronary 
aneurysms already developed. 

The current study also indicates that the outcome of 
coronary artery disease was affected only by the size and 
distribution of the initial coronary lesions. Morphologic 
characteristics and location of initial coronary aneu- 
rysms and coronary dominant type appeared not to be 
directly related to alterations in the lesions. The major 
determinant of the prognosis was the initial size of the 
coronary aneurysms, and therefore we can predict the 
course of coronary artery disease from angiographic 
findings shortly after onset of the illness. 

Mild coronary aneurysms may return to normal 
within a short time. The course of moderate-sized an- 
eurysms (grade II) varies, depending on initial size and 
distribution, eventually with marked reductions in 
coronary size in most instances. From the clinical 








viewpoint, the prognosis of patients with grade II an- — 
eurysms appears not to be serious, but premature ath- 
erosclerotic changes of the coronary artery should iss 
followed carefully.!? Giant coronary aneurysms (grade - 
III) as well as obstructive coronary lesions were usually - 
associated with impaired left ventricular function re- _ 
sulting from myocardial ischemia.!^ Furthermore, — 
myocardial infarction exclusively occurs in association — 
with large aneurysms or obstructive lesions following — 
Kawasaki disease.?:1415 Of clinical importance is the - 


prevention of coronary artery disease, and even if cor- — 
onary aneurysms should occur, every effort should . 
be made to preclude the development of very large 


aneurysms. | 
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Identification of Best Electrocardiographic Leads for 
Diagnosing Myocardial Infarction by Statistical Analysis 
of Body Surface Potential Maps 


FRED KORNREICH, MD, PhD, PENTTI M. RAUTAHARJU, MD, PhD, 
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. extraction of diagnostic information from body sur- 
. face potential maps. Body surface potential map 
data from 361 subjects were used to identify optimal 
subsets of leads and features to distinguish 184 
x normal subjects from 177 patients with myocardial 
. infarction (MI). Multivariate analysis was performed 
| on 120-lead data, using as features instantaneous 
. voltage measurements on time-normalized QRS and 
STT waveforms. Several areas on the map, most of 
which were located outside the precordial region, 
contained leads with important discriminant fea- 
. tures; 2 of the 3 limb leads (aVR and aVF) also ex- 
hibited high diagnostic capability. A total of 6 fea- 
. tures (mostly STT measurements) from 3 locations 
accounted for a specificity of 95% and a sensitivity 


f 
_ This study describes a practical approach for the 
| 
j 


ee aT, 


of 95 %; these were the right subclavicular area, the 
left posterior axillary region and the left leg. As a 
comparison, the same number of features from the 
standard 12-lead electrocardiogram yielded a 
sensitivity of 88% for a specificity of 95%. To in- 
vestigate the repeatability of the results, the entire 
population was separated into a training set (100 
normal subjects and 100 patients with MI) and a 
testing set (84 normal subjects and 77 patients with 
Mi); computing a discriminant function on the 
training set and applying it to the testing set only 
moderately deteriorated the diagnostic classifica- 
tion. It is concluded that this approach achieves 
efficient information extraction from body surface 
potential maps for improved diagnostic classifica- 
tion. (Am J Cardiol 1985;56:852-856) 


) —————————M——————MOÓ————— a ——— Pr 


- Data reduction and information extraction are now the 
- fundamental problems in the analysis of electrocar- 
- diographic body surface potential maps. Extensive ar- 

rays of electrocardiograms are being used to obtain 

high-quality surface maps; however, in some important 

applications, such as exercise testing and coronary care 
. unit recordings of patients with acute myocardial in- 
_ farction (MI), the smallest subset of leads that still 
— contains the essential information present in the com- 
_ plete map may be desirable. Various subset studies have 
v. sought the subset that would provide optimal signal 
- representation.'-? However, the subset of leads that 
: - optimally accounts for the signal information in body 
- surface potential maps is not necessarily optimal for 

diagnostic classification. To identify the best combi- 
. nations of electrocardiographic leads and their features 
for optimally representing diagnostic information 
. characteristic of MI, we performed multivariate analysis 
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of map data, consisting of 120 simultaneously recorded 
leads, from 184 normal persons and 177 patients 
with MI. 


Methods 


Study population: Three hundred sixty-one subjects were 
studied. Group A consisted of 184 normal control subjects; 
group B consisted of 177 patients who had had MI. Group A 
subjects had no evidence of heart disease by history, physical 
examination, 12-lead electrocardiogram and echocardiogram. 
They ranged in age from 20 to 50 years (mean 34). Group B 
patients had a typical history of cardiac chest pain and char- 
acteristic changes in enzyme levels, and in most cases the di- 
agnosis of MI was substantiated by coronary angiography and 
ventriculography; this group consisted of 44 women and 133 
men and included 39 patients with acute MI (less than 1 
week), 30 patients with recent MI (between 1 week and 1 
month) and 108 patients with old MI (more than 1 month). 
Patients in this group were 34 to 71 years old (mean 55). All 
patients with MI were grouped together because breakdown 
of the population according to the location of the infarct would 
have yielded subgroups far too small for reliable statistical 
analysis. 

Body surface potential mapping: For each subject, we 
recorded simultaneously on digital tape the electrocardio- 
graphic signals from 117 torso and 3 limb electrode sites, 
sampling each channel 500 times per second and using the 
Wilson central terminal as a reference potential. The tracing 
quality was monitored visually during the recording. Later, 
the stored data were processed by performing selective aver- 


aging, and again carefully inspected and edited. Details of the 
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p ocedur ! hate been reported! 4 We time- orid spa. 
rately the QRS waveform and ST-T waveform and repre- this by more rigorous statistical pde ih 











reed them by 70 and 180 points, respectively. Feature extraction and statistical Ada We 1sec ge 
- . We computed averaged 120-lead maps separately for the instantaneous amplitude measurements obtained by sampl ir g 4 
. normal and the MI populations by averaging sample-by- time-normalized QRS and ST-T waveforms at equal intervé ales ig 


a sample time-normalized electrocardiograms from subjects in this resulted in 8 samples for QRS and 7 samples for STT, Le. Pt : 
each group. Difference maps were then calculated by sub- 15 X 120 per subject. The statistical procedure involved 2 ste d 


1 racting corresponding sample values of 120 averaged signals that were performed by programs from the Biomedic: 
.. of the normal and MI groups. Although difference maps could Computer Program library (BMDP 7M).° First, the be Y» 
| be viewed as a means for guiding the selection of optimal leads classifiers were selected from the total number of availab! 
and features for the separation of the 2 groups, they do not features by a stepwise selection; then these selected clap S ^ 
VE truly reflect the ability of measurements to discriminate, were combined into the properly weighted linear discrimin né i es 
Pe ise they fail to take into account the intragroup vari- functions. NE 
E: onim Therefore, a particular kind of difference map was Because the number of variables was so large (1, 800 ir udi 
. designed, aiming at representing the discriminant power of stantaneous measurements per patient), the program pi rO- En. 
-each sampling point of each of 120 signals. The discriminant cessed 80 input variables at a time and selected the 20 best 


maps were obtained by dividing each instantaneous difference from each batch, repeating the procedure until it obtain i. € | 
~ with the corresponding standard deviation computed from final set of 20 optimal classifiers. Varying the composition of - 
—. the pooled population. The values thus achieved, referred to the batches and their order of entry did not affect the first 8 
as discriminant indexes, were in fact strictly proportional to classifiers selected. , MC E: 
mr corresponding Student t-test statistics and provided infor- CIIM 
s mation on the capability for each measurement, in each lead, Results ue 
—. to separate the MI group from the normal group. Although The 120-lead discriminant map for normal subjec ts 33 
. inspecting discriminant maps may provide clues for selecting and patients with MI (Fig. 1) reveals that: (1) Lead o k 


A ne best leads and for extracting optimal features for any bi- with the largest discriminant indexes (e.g., leads locate 
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1. Discriminant 120-lead map for the separation of normal subjects (N) from patients with myocardial infarction (MI). Each set of axes c 20! - : 
S to electrode sites; the larger box in the upper left corner contains the 3 ci eel limb leads: right arm (RA), left arm eb left P wo 

















— ———_— os mne am PL A 
° 190 0 ‚99 9 e o 2 8 





— M — A ——— V 
‘ B ee o soo o see, e soo 9$ 100 0 






42 t " x Ri 
AVON: X NS M 






a JUA 
y E I Vb wr. N p^ TA mW. vx euo. MSS ET. t. 
. 854 OPTIMAL LEADS FC 1 MYOCA 
fir ESAN d I a eee 


ae 
M. fs 


d EL Differentiation Bien 184 Normal Subjects 
^ . . and 177 Patients with Myocardial Infarction 
Using Measurements on 120-Lead Data* 






-Stepwise Selection Specificity Sensitivity Performancet 





of Variable Type (%) (%) (%) 

dem Tem 80 6/8 ST-T 89 88 88 
- LL or aVF 4/8 QRS 89 90 90 
a Lead 19 3/8 ST-T 92 92 92 
4 Lead 77 4/8 ST-T 93 94 93 
d.n 99 2/8 QRS 94 94 94 


| 19 6/8 ST-T 95 96 96 


* j^ Instantaneous measurements (8 QRS and 7 ST-T variables). 
_ f V; (specificity + sensitivity). 


p 
os 
$7 the right subclavicular, the lower left anterior/pos- 
_ terior axillary areas and the upper dorsal region) tend 
E - to form clusters of 3 or more similar waveforms; isolated 
leads such as right arm and left leg also exhibit high 
.. discriminant index values. (2) The overall discriminant 
S pty of the T wave is higher than that of the QRS 


EEE 2». mo 6 best measurements of the linear discriminant function 
| puted for the separation of the normal group from the myocardial 


‘infarction group are shown. This figure shows leads 80, LL, 19 and 99 
fix (same as Figure 1) from which the optimal discriminant features (Table 
. lJare extracted. Signals from normal subjects (dotted line) and patients 
- wit myocardial infarction (solid line) are averaged, time-normalized 
(a d . The bottom curve depicts the absolute value of the 
dacs index as it varies in time (see text); the marks on the ab- 





TABLE | Repeatability of i Diagnostic Results* 


e 
Ar 


Specificity Sensitivity ^ Performancet 


(%) (%) (%) 
Training set 96 95 96 
(100 N and 100 MI) 
Testing set 93 94 93 
(87 N and 77 MI) 


* Six instantaneous measurements (listed in Table I) are used. 
t !/ (specificity + sensitivity). 
MI = patients with myocardial infarction; N = normal subjects. 


complex; in most leads the discriminant ability is re- 
stricted exclusively to QRS or STT; the “best” leads, 
however (e.g., leads 19 and 80), perform well in both 
intervals. (3) The maximal discriminant index during 
depolarization often coincides with the peak of QRS, 


which is between the 3/8 and the 4/8 QRS (e.g., left leg : 


and lead 19), but it can also appear early in QRS as in 
lead 99. (4) Except for leads V5 and Vg, the precordial 
leads have lower discriminatory capacity than do the 
limb leads. 

Table I is a list of the results of the discriminant 
analysis. Only the first 6 variables are tabulated, be- 
cause little improvement was noted beyond this point. 
The bulk of the separation (9296 correctly classified 
patients) is achieved with the first 3 variables, measured 
on leads 80, aVF and 19, respectively. These 3 leads 
originate from the sites previously described as con- 


taining maximal diagnostic capability. The discriminant — 


index for lead 77 peaks in late ST and early T, a pattern 
different from those in the other leads with high 
discriminant T indexes. Similarly, the maximal discri- 


minant index is for lead 99 in early QRS. These dis- - 3 


crepancies suggest the presence of independent infor- 
mation in these leads. The first 6 measurements selected 


by the stepwise procedure are shown in Figure 2 and. 


listed in Table I. 
To investigate the repeatability of the diagno 


+ 


results, we separated the available population intoa _ 


training set (100 normal subjects and 100 patients with 


MI) and a testing set (84 normal subjects and 77 pa- 
tients with MI). A new linear discriminant function was 
computed in order to separate the 2 groups of the 
training set. Running the thus calculated discriminant 
function on the testing set permitted the classification 
of the remaining patients. The results of this investi- 
gation are shown in Table II. A moderate overall dete- 
rioration of about 2% was noted. 

The diagnostic performance achieved with multi- 


MER 


variate analysis on body surface potential maps was also- 


compared with the standard 12-lead electrocardiogram. 
The first 3 features, accounting for a sensitivity of 84% 
(specificity kept at 95%), originated from leads aVR 


(STT), aVF (QRS) and Vg (STT). Also, the stepwise 


procedure was repeated by restricting the choice of leads 
to the 3 best leads previously selected (leads 80, aVF and 
19). The results are shown in Table III. The difference 
of performance between the 2 lead sets was statistically 
very significant (p «0.001). 


Table IV shows the discrepancy between optimal 


signal representation and optimal diagnostic repre- 


sentation for lead subsets. In a separate study using. the 3 
same data, we desig n d a | ste ; 
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| : lecting leads that optimally predicted all the remaining 
| ones in a least-squares, best-fit sense. After 3 steps, the 
~ total signal information accounted for reached 88.3% 
t . of the root-mean-square voltage. The selected leads 
E were located in high-voltage areas (Fig. 3). With speci- 
: ficity kept at 95%, the diagnostic leads had 95% sensi- 
= tivity even though they represented only 81.5% of the 
B signal information. 


g Discussion 


_ Limitations of the study: This study’s main limi- 
pee is its restriction to a comparison between 2 rather 

à clear-cut groups. Therefore, the optimal diagnostic leads 
. rrived at are only valid for these groups. Before they 
n be said to have more general diagnostic use, they 
^" 1st be tested in new independent samples. Although 
a ates pathologic groups will probably require different 
À j - lead sets, each of these sets may find its particular 
SU. -clinical application, such as in the coronary care unit or 
ex in the exercise electrocardiography laboratory.®’ 
i _ Discriminant power of body surface potential 
. maps: The differences between averaged normal and 
E -= MI maps do not necessarily indicate which leads and 
| » measurements can be considered potential discrimi- 
A  nators. In fact, the largest absolute differences are ob- 
| . served near the vertical level of lead V4 for QRS and 
.. between leads V4 and V5 for ST-T, but inspection of the 
discriminant map (Fig. 1) shows that neither area dis- 





















. FIGURE 3. Schematic unfolded thorax. Small dots 

represent the electrode sites at which 120 elec- 
|». trocardiograms were simultaneously recorded, 
^ = small stars the position of the precordial leads V ; 
to Vg, open dots the electrode sites where elec- 

. trocardiograms for maximal signal representation 
can be recorded and black dots the positions with 
i . maximal diagnostic information for the separation 
^ p Eon. subjects from patients with myocardial 
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TABLE v -Signal Information Versus Diagnostic 








Selected Lead Systems* 
SE (96) Missed Cases 

A — "120-lead BSPM 96 16 
T. E aain 12-lead ECG 88 31 
mt “best” leads 95 18 
= * Specificity is kept at 95%. 
—— Six instantaneous measurements are used as variables. 

BSPM = body surface potential maps; ECG = electrocardiogram; 
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Best Three units Best Three LS m UE 

in Terms of in Terms of CE 

Signal Prediction Diagnostic Separatio "a 


(Leads 21, 45, 56) (Leads 19, 80, a’ /F) 
A. Reconstruction of 120-Lead Maps from Three Leads © 


Mean RMS 216.1 216.1 
voltage 
map (HV) 

Mean RMS 25.3 40.0 
residue 
(uV) 

Mean RMS 11.7 18.5 
error (%) 

Mean RMS 88.3 81.577 
resynthesis 
(%) 
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B. Diagnostic Classification of 184 Normal Subjects re 
and 177 Patients with Myocardial Infarction Ni 


SP (96) SE (96) SP (96) SE San! 
95 82 95 | 


MI = myocardial infarction; N = normal; RMS = root-mean-square; - 
SE = sensitivity; SP = specificity. ^ NE 
E. m 

plays maximal diagnostic capabilities during QRS o or 


ST-T. We therefore turned to discriminant maps in 
which each difference was scaled by the pooled standard — 
deviation; this yielded instantaneous values (discrimi- | 
nant indexes), which were plotted as a function of time * 
Peripheral areas of the maps (including the limb leads) x 
with the smallest unscaled differences have the largest | 
scaled differences; this situation is reversed in the pre: ^ E 
cordial leads, in which the large differences are offse 
by the equally large interindividual variability. ALS 
though most of the best leads (leads 19, 80 and a' 

that were found by statistical analysis were identified 
from the discriminant map, “good” areas (e.g., the low 
anterior thoracic row at the umbilical level for QRS and 
the high dorsal region below the neckline for ST-T) did. d 
not contribute to the final subset, and other, EE $a 














Er I : > 
E unlikely candidates (e.g., lead 77), were selected. The 
a essence of multivariate analysis is to reject redundancy 
. when present and to combine variables that contribute 
1 - independently to the overall classification. Therefore, 
. all leads and all measurements must be analyzed. 
— Feature extraction from body surface potential 
maps: Although time-normalized QRS and ST-T 
- waveforms can be considered adequate for the diag- 
 nostic sampling of electrocardiographic signals if they 
Ke. are represented by samples taken at 8 equal intervals,9? 
_ we found that 8 QRS samples did not include some in- 
stances with maximal discriminant indexes. A separate 
study was conducted by adding peak QRS measure- 
ments to the already available QRS variables. No dif- 
1 ference i in the end performance was observed. As for the 
selected features, the bulk of the discrimination is 
i achieved on the basis of voltage criteria (near-maximal 
pi amplitude as in 6/8 ST-T and 4/8 QRS). More subtle 
| differences (3/8 ST-T or 2/8 QRS) show up in later 
_ steps. 
Lead selection, lead subsets, and signal versus 
_ diagnostic information: The best leads originate from 
_ peripheral areas; their choice was not critical, because 
- several leads in the same clusters showed similar abili- 
- ties. Restricting the analysis to the 3 best leads did not 
- significantly alter the diagnostic results, because most 
of the separation was achieved with the first 3 steps. 
Finally, the discrepancy between optimal signal 
B iecentation and optimal diagnostic representation 
_ for lead subsets has been illustrated earlier (Table IV, 
- Fig. 3). In view of these results, the strategy for the se- 
3 lection of lead subsets will differ whether the former or 
i the latter representation is sought. Optimal subsets for 
- estimating total body surface potential distributions 
- have been proposed by Barr et al! and later by Lux et 
81.5109 Their subsets, consisting of 24 and 32 leads, re- 
- spectively, were optimal in the sense of least-mean- 
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squared error for the representation of electrocardio- 
graphic signals at unmeasured sites. 

The present study focuses mainly on selecting the 
smallest subset of optimal leads and features for sepa- 
rating normal subjects from patients with MI, irre- 
spective of the site of the infarcts. The selected subset 
was arrived at on the basis of optimal diagnosis, not of 
optimal signal representation. 

Extending the method to new groups may produce 
a lead set that is satisfactory for all diagnostic purposes 
or, more likely, different lead sets for different purposes. 
Lead sets that have optimal diagnostic ability may not 
account for, or allow, the reconstruction of the whole 
map, but they will preserve the map's practical infor- 
mation content. 
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Mortality of surgical resection of a left ventricular 
(LV) aneurysm is largely determined by size and 
function of nonaneurysmal or residual myocardium. 
A residual myocardial index was determined using 
2-dimensional echocardiography (2-D echo) in 56 
consecutive patients scheduled for LV aneurys- 
mectomy, and these results were correlated with 
surgical outcome. The index was calculated using 
3 apical cross sections: the 2- and 4-chamber views 
and the long-axis view. These views were recorded 
» at mutual angles of 60°. In each view the end-dia- 


stolic length of normally moving endocardium of the a 
2 opposite walls was expressed as a fraction of the k 
end-diastolic LV long axis. The index was assessed 
by averaging the 6 ratios obtained. In 41 survivors 
the index ranged from 40 to 71% (mean + standard À 
deviation 53 + 7.8) and in 15 nonsurvivors from 29 | 

to 67% (mean 38 + 8.5, p <0.01). With 1 exception, - 

this echocardiographic index sharply separated - 

survivors from nonsurvivors. The lower limit to sur- _ 
vive aneurysmectomy was 40%. a 


(Am J Cardiol 1985;56:857- 860) n 
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- Left ventricular (LV) aneurysm is a common compli- 
= cation of acute myocardial infarction. The incidence of 
 postinfarction aneurysm reportedly varies between 10 
and 3896.77 Resection of an LV aneurysm in symp- 
tomatic patients may lead to a significant improvement 
in a functional class.9-14 However, the rest of operative 
mortality may be high; mortality rates as high as 50% 
have been reported.!5-!5 Thus, appropriate patients 
must be selected for this procedure. Until recently little 
agreement existed concerning invasive predictive 
-. measurements such as cardiac output, ejection fraction 
+ and LV end-diastolic pressure.!^!?29 More recent 
studies, however, have shown that the postoperative 
. results of LV aneurysmectomy are largely determined 
by the size and function of the nonaneurysmal or re- 
sidual myocardium.?!-?? We examined whether patients 
most likely to survive LV aneurysmectomy could be 
identified by assessing the extent of residual myocar- 
dium by 2-dimensional echocardiography (2-D echo). 


Methods 


The study comprised 56 consecutive patients selected to 
undergo resection of an LV aneurysm secondary to coronary 
artery disease. There were 44 men and 12 women, mean age 
52 + 18 years. Seventeen patients (30%) underwent operation 
within 4 weeks after infarction. Almost all patients had 2 or 
more symptoms, including angina pectoris, congestive heart 
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failure or ventricular tachycardia. The predominant indication | 
for surgery of the whole group was congestive heart failure in 
39 patients, refractory ventricular tachycardia in 10 and severe Y 
angina pectoris in 7. Congestive heart failure was the main _ 
indication in 13 of 17 patients (76%) who underwent aneur- E 
ysmectomy within 4 weeks after infarction, and in 26 of 39 - 
patients (67%) who underwent operation later. An aneurysm - hi 
was documented in all patients by both cineangiography and _ 
2-D echo and was defined by both methods as a well demar- | 1 
cated bulge in the contour of the LV wall during both diastole 
and systole and dyskinesia or akinesia.”4 " 
'Two-dimensional echo was performed with use of a wide- 
angle, commercial mechanical sector scanner (ATL 300 or di 
Ekosector 10A). All patients were studied in the left lateral 
decubitus position, and a standard echocardiographic ap- 
proach was performed i in which multiple LV parasternal long- - 
and short-axis views were obtained as well as the apical 2-and 
4-chamber views and the apical long-axis view.2° These 3 $ 
apical cross sections were applied to assess the size of the re- — 
sidual myocardium. To improve spatial orientation of this part — 
of the left ventricle, we fixed a calibrated ring containing oil * 
and an air bubble to the body of the transducer. This device _ 
guarantees a mutual angle of 60° between the 3 apical cross - 
sections.?6 Figure 1 is a schematic diagram of how we calcu- - 5 
lated the residual myocardium of the left ventricle with an 
apical aneurysm. After reviewing each cross section in real- 3 
time, slow-motion and still-frame formats, the end-diastolic . i 
length of the normally moving endocardium of each of the6 
walls of the left ventricle was estimated and expressed as a | d 
fraction of the end-diastolic long-axis length of the left ven-  - 
tricle. A residual myocardium index was then assessed by Po 
averaging the 6 ratios obtained and multiplying this by 10096. 
In the schematic example in Figure 1 the index calculated was — 
55% (see also Fig. 2). TM 
Images were recorded on videotape and later analyzed by — 
2 observers who were blinded to each other's interpretation — 
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FIGURE 1. Method of evaluating the — 
residual myocardial index of the left y 
ventricle (RMIĻy). Black arrows indicate - T 
the separation between the normally 
moving endocardium and the apical 2 
aneurysm. The end-diastolic length of © ju 
the normally moving endocardium of — 
each of the 6 walls was expressed ejl 
a fraction of the end-diastolic long-axis - 

of the left ventricle. 2C = 2-chamber — 

view; 3C = apical long-axis or 3- 
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chamber view; 4C = 4-chamber. — — 
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FIGURE 2. End-diastolic (A) and end- 
systolic (B) stop frames of a patient with — 
an apical aneurysm. The line drawing s 
(C) shows the endocardial outlines at — 
end-systole (sys) and end-diastole (dia. — 90 
The index in this patient was 61%. — E 






ik Other abbreviations as in Figure 1. — — 

m. Ev) 
M e 
: wer f, . " 


sates SYS 
— dia q 





E “andthe surgical outcome. Intenobgervar Aati was low (r - 


n 0.95). Disagreement was finally resolved by consensus upon 
E review of the recordings. 
K i Results 

ue - Studies suitable for analysis were recorded in all 56 
" . patients. 'The aneurysm was located at the anteroapical 
wall of the left ventricle in all but 1 patient, who had a 
E ircumscript but large basal aneurysm of the infero- 







$ graphic site of aneurysm correlated closely. 
= Surgical mortality: Fifteen of the 56 patients (27%) 
who underwent aneurysmectomy died within 30 days 
. of surgery. Nine of these 15 (60%) underwent operation 
~ within 4 weeks after infarction. The surgical mortality 
of this group was much higher than those who under- 
. went operation later: 9 of 17 (53%) vs 6 of 39 (15%) (p 
~ «0.05). Of the 15 patients who died, 13 (87%) died at the 
time of surgery or within 1 week after surgery. Ten of 
— 18 patients died as a result of pump failure and 2 from 
refractory ventricular arrhythmias. Two patients died 
X suddenly out of hospital. 
Additional surgical procedures: In 12 of 15 non- 
— survivors (80%) and 36 of 41 survivors (8896), respec- 
PR y 2.1 + 0.6 (mean + standard deviation) and 2.0 + 
07 bypass grafts were placed. Mitral valve replacement 
was performed in 3 nonsurvivors (2096) and in 6 survi- 
vors (15%). None of these differences was significant. 
Ar . Residual myocardial index: The residual myocar- 
$ dial index of the whole group ranged from 29 to 71%. In 
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nF Bun 3. Comparison of the residual myocardial index of the left 
| ventricle (RMI, y) with surgical outcome in 56 patients who underwent 
aneury recon Except for 1 poen there is a sharp separation be- 
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the 15 nonsurvivors the index ranged from. 29 to 6 9876 ; 
(mean 38 + 8.5%) (Fig. 3). The index of the 41 survivors 
ranged from 40 to 71% (mean 53 + 7.8%) (p <0. 001 ve i | 
nonsurvivors). P 

All but 1 of the 15 nonsurvivors had an index of iid 
than 40%. One patient had an index of 68%; this patien at os 
had a circumscript but large posterobasal aneurysm anc i, 
died soon after operation from intractable ventricular 
arrhythmias. 

Clinical improvement: The functional class (New 3 
York Heart Association??) after surgery was assess 
in 29 patients who underwent operation primarily for d 
congestive heart failure. The mean functional class was 
3.7 + 0.5 preoperatively and decreased to 2.3 + 0.7. ane 
postoperatively (p <0.001) (Fig. 4). Nineteen patients | 
improved by 1 functional class and 9 by 2 functional | 
classes. One patient in class IV improved by 3 functiona i 
classes. is. 
















Discussion 


Because aneurysmectomy can lead to relief. 
symptoms in patients with an LV aneurysm, variot 
invasive measures have been examined for their prog- 
nostic value. Of these, the size and function of that 
nonaneurysmal or residual myocardium has recently - 1 
been shown to be very useful. Noninvasive determina- s 
tion of the residual myocardium may be clinically im- 
portant in managing patients with LV aneurysm. Dillon |. + 
et al28 using M-mode echocardiography, showed that — 
the LV dimension at the level of the base and papillary 
muscles could provide information about a penile 
suitability for aneurysmectomy. Two-dimensional echo, - 
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Heart Association criteria) of the 29 patients who underwent ope! rat atio f 
primarily for congestive heart failure. All patients improved by at east | 
1 functional class. | ME A 
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contrast. Sabie study of hoent LV wall i in detail, 
E therefore is ideally suited for noninvasive assess- 
ient of the residual myocardium. Unique information 
can be obtained about the ventricular septum. This part 
: of the left ventricle is very often involved in an aneu- 
. rysm and is often obscured on cineangiography by an 
. apical aneurysm. Moreover, the method proposed was 
i . applicable in all of our patients. 
E Surgically mortality: Fifteen patients died after 
. aneurysmectomy. This mortality rate is somewhat 
. higher than that recently reported.!? This can be ex- 
. plained by the urgent nature, i.e., soon after infarction, 
ae reconstruction in 9 of these patients (67%). In pa- 
| tients undergoing aneurysmectomy soon after infarction 
. the mortality rate is reported to be as high as 50%.16.19,20 
ru Although mitral valve replacement, in this respect, is 
~ usually associated with a high mortality, this additional 
. procedure was not related to the mortality rate in our 
 population.?? Additional bypass grafting also was not 
related to the mortality rate. This is consistent with the 
- results of Lee et al.?! The prognostic value of the extent 
p of coronary artery disease is still controversial.!*?! The 
. number of bypass grafts in our nonsurvivors was not 
— significantly higher (2.1 + 0.6 vs 2.0 + 0.7). 
= Residual myocardium: Barrett et al®° reported that 
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.an index of the residual myocardium assessed by 2 ap- 
ical cross sections could predict the 6-month mortality 
- in medically treated patients. Their index was highly 
related to the presence or absence of congestive heart 
. failure. They could not precisely define the lower limit 
set surgically acceptable residual myocardium owing to 
_ the limited number of patients (12). Except for 1 pa- 
_ tient, all of the nonsurvivors in our group had a residual 
- myocardium index of the left ventricle of 39% or less. 
| ee the lower limit of the residual myocardium index 
_ to survive surgical resection of an aneurysm was 40%. 
"These results must be confirmed in a prospective 
L study. 
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Relation Between Heart Rate and QT Interval 
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in Exercise-Induced Myocardial Ischemia 
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The relation between heart rate and QT interval 
during dynamic upright exercise on a bicycle er- 
gometer was investigated in control subjects (n — 
18) and in patients with coronary artery disease 
(CAD), stable angina on effort, and angiographically 
documented significant coronary stenoses (n — 23). 
Both groups had a significant negative linear relation 
between heart rate and QT, with a higher correlation 
coefficient in control subjects (r — —0.78) than in 
patients with CAD (r — —0.64). This response may 
be a result of the nonhomogeneous response to 
ischemia in patients with CAD, particularly with 
regard to the different impact of exercise-induced 
ischemia. 


When the 2 regression lines were compared, a © 
flatter slope was found in the CAD group (p <0.001) 


as a consequence of a faster decrease in the QT- 
increasing rate in control subjects. It is suggested 
that in control subjects exercise-induced increase 


in adrenergic tone causes a rapid and relevant de- | 


crease in QT-interval duration. In the CAD group, 
exercise-induced ischemia relatively prolonged the 
QT interval; this may have been the result of an 
impairment of myocardium in response to cate- 
cholamines release during exercise or the conse- 


quence of a direct effect of exercise-induced - 
ischemia prolonging the duration of myocardial - 


tension. (Am J Cardiol 1985;56:861-862) 





Exercise induces several changes in the QRS-T pattern 
in patients with coronary artery disease (CAD), but 
their significance is not fully understood. The as- 
sumption that in the ischemic heart, electrical systole 
as measured by the QT interval (reflecting within lim- 
itation the duration of depolarization and repolariza- 
tion!) is prolonged, remains controversial.?-? 


Methods 


Forty-one male volunteers investigated for chest pain were 
enrolled in the study. They underwent diagnostic coronary 
angiography. Eighteen patients, mean age (+ standard error 
of the mean) 51 + 4 years (range 37 to 59), had normal coro- 
nary arteries and they served as control subjects. The other 
23 subjects, mean age 53 + 4 years (range 35 to 60), had 70% 
or greater stenosis of at least 1 major coronary artery. Old 
myocardial infarction (older than 8 months) was present in 
6. All of these CAD patients had positive stress test responses 
(significant ST depression? with chest pain or dyspnea or 
both). Medical treatment was progressively reduced and 
discontinued at least 1 week before stress test. Upright exer- 
cise was performed in the morning on a bicycle ergometer, with 
an initial work load of 50 W/min, and increased stepwise by 
25 W/min every 2 minutes. Exercise end points were chest 
pain or dyspnea, 3 mm of ST depression below the value of 
rest, or attainment of maximal heart rate (HR). A standard 
12-lead electrocardiogram was recorded at rest, at each step, 
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at peak exercise and every minute during recovery at a paper 
speed of 25 mm/s using Marquette CASE equipment. This 
system minimizes baseline fluctuations of the electrocardio- 
gram and facilitates QT measurement. QT was measured 
blindly by a trained cardiologist on lead II on 4 beats and av- 
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eraged; mean HR was derived from the RR interval preceding | 


each considered beat. To avoid miscalculation of QT because 
of P- or U-wave inclusion, the end of the T wave was mea- 


sured, whenever necessary, at the intersection between the 


isoelectric line and the tangential to the terminal limb of the 


T wave.’ The correlation between HR and QT was sought by - 


linear regression analysis,? considering QT and HR collected 


at each exercise step; data from the rest and recovery period — 


were excluded. There were 69 entries for control subjects (3 
to 4 per subject) and 71 for CAD patients (range 2 to 4). Dif- 


ferences between the regression lines were analyzed by the - 
appropriate t test. In control subjects, mean exercise toler- 
ance was greater; therefore, we excluded data collected in — 
control subjects for workloads greater than 125 W/min, the : 


maximal load attained by CAD patients. 


Results 


phe I rod i 


The intraobserver error for QT-interval measurement — 


was estimated as 4 ms, or approximately 1% of the mean 


QT interval. Baseline, data at rest were similar (mean |. 


+ standard deviation of HR, QT and QTc in control : 
subjects and CAD patients were: 82 + 11, 338 + 27, 394 _ 
+ 29; 78 + 10, 348 + 23 and 395 + 21, respectively). — 


There was a significant correlation between HR and QT | 
in the 18 control subjects: QT(ms) = 451 — 1.36 HR,r 


> 
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= —0.78, p «0.001 (Fig. 1). A significant correlation . 
between QT and HR was also found in the 23 CAD pa- | 


n^ ] 
a à E. 
a ye fee hy 
23 Sut A 








HR (b/min) 


FIGI E 4. Relation between heart rate (HR) and QT interval (QT) during 
| recs e in control subjects (n = 18). b = beats. 
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tie m Q'T(ms) = 396 — 0.73 HR, r = —0.64, p «0.001 
d 9 Fig. 2). However, the slopes of 2 regressions differed 
nificantly (F = 12, p <0.001); this difference sug- 
gested that in CAD patients, similar increases in HR 


ans 
nduce smaller decreases in QT duration. 


Discussion 


A HR isan important determinant of the QT interval 
Re du ation. The exercise-induced QT shortening is related 
“not banly to the increase in HR but also to the indepen- 
| den catecholamine activity.9.!? In the present study, 

luring exercise, Q'T decreased linearly while HR in- 
cre ased in normal control subjects as well as in CAD 
3 [ncr ients; however, the rate of QT shortening with HR 
increase was higher in control subjects than in CAD 
patients. This finding might be related to exercise- 
iced myocardial ischemic QT prolongation when the 
Ir ition of myocardial tension was increased!! or it may 
elated to an impairment in cardiac response to ex- 
rcise-induced catecholamine release.12.13 Moreover, 
-B-adrenergic blockade was observed to blunt the QT 
c changes in relation to HR variations during exercise.!? 

E Mucy, the HR-QT correlation coefficient Was 
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= mines and the Ora response to exercise will be 
tively erratic. Since the more strenuous the exercise 
ie greater the enhancement in sympathetic activity,!4 
he larger difference between the 2 groups in HR-QT 
. rel: ation at the highest level of workload is the con- 
sequence of the greater catecholamine-induced QT 
l uction in control subjects compared with CAD 


: pati ents. In these CAD patients, sensitivity to catechol- 
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FIGURE 2. Relation between heart rate (HR) and QT interval (QT) daring 
exercise in patients with coronary artery disease (n = 23). b 
beats. 


amines of ischemic myocardium is reduced and QT in- 
terval decreases less. We studied well defined, selected 

populations (normal subjects and CAD patients with 
abnormal stress test); therefore, in a less defined, mixed 

population the effect of HR on QT may be less striking. - 
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Effects of Oral Amiodarone on Rate-Dependent 
Changes in Refractoriness in Patients 
with Wolff-Parkinson-White Syndrome 


PEDRO BRUGADA, MD, and HEIN J.J. WELLENS, MD 





The refractory periods during cardiac pacing were 
studied in 13 patients with the Wolff-Parkinson- 
White syndrome. The right atrial and right ventricular 
refractory periods and refractory period of the ac- 


p cessory pathway (anterogradely and retrogradely ) 


were studied at 2 pacing cycle lengths before and 
after therapy with oral amiodarone (8,400 to 11,200 
mg given in 4 to 6 weeks). The right atrial and right 
ventricular effective refractory period shortened 
significantly when the pacing rate was increased 
during the control study, and also after oral ami- 
odarone administration. The anterograde and ret- 
rograde effective refractory period of the accessory 
pathway also shortened significantly at control 
study, but not during treatment with oral amiodar- 
one. This indicated that amiodarone blunted the 
rate-dependent shortening in the refractory period 
of the accessory pathway. The rate-dependent in- 





crease in refractoriness of the accessory pathway 
could not be predicted or determined in all patients. — 
In 5 patients a rate-dependent increase in the ef- — 


fective refractory period of the accessory pathway 


was observed in the anterograde direction and in 3 - 


patients in the retrograde direction while they were 


receiving oral amiodarone therapy. When these data ~ 


were correlated with the mode of induction and . 


termination of tachycardia, however, a possible 


effect was found in only 1 patient. Further investi- — 


gation of new antiarrhythmic drugs should include 


the development of components resulting in a reli- — 


=i ie 


able and predictable increase in refractoriness when — 
the heart rate increases. This would result in prompt — 
termination of reentrant tachycardia by creating - 


block for the circulating impulse. 


(Am J Cardiol 1985;56:863-866) 





In the human heart the atrial, ventricular and His- 
Purkinje tissues react with a shortening of their re- 
fractory period when the heart rate increases during 
cardiac pacing. In contrast, the refractory period of the 
atrioventricular (AV) node lengthens during a pacing- 
induced increase in cardiac frequency.! In patients 
with the Wolff-Parkinson-White syndrome (WPW) 
who frequently suffer from either a circus movement 
tachycardia or atrial fibrillation, the relation between 
heart rate and the duration of the effective refractory 
period of the accessory pathway is clinically important. 
'The duration of the refractory period of the accessory 
pathway can decrease, increase or stay the same during 
a pacing-induced increase in heart rate.? In WPW 
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syndrome, when heart rate increases, it would be de- — 


sirable to have lengthening of the refractory period of 


the accessory AV pathway, which determines the ven- 
tricular rate during atrial fibrillation and of the tissues 
incorporated in the circuit of circus movement tachy- 
cardia. This would protect the ventricle against very - 


Laco TS C. 


high ventricular rates during atrial fibrillation and fa- : 
cilitate spontaneous termination of circus movement — 


tachycardia. Lengthening of the duration of the re- 


fractory period on increasing the heart rate would | 
therefore be a very desirable effect of antiarrhythmic | 


drugs. We report on the effects of amiodarone on rate- 
dependent changes in refractory periods in 13 patients 
with WPW syndrome. 


Methods 


Thirteen patients with WPW were studied. The first elec- _ 


trophysiologic investigation was performed without drug — 
therapy and the second after 4 to 6 weeks of therapy with oral | 


amiodarone (total dose 8,400 to 11,200 mg). Our methods of — 


stimulation and recordings and our definitions of effective and — 
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RE H ý: RAERP RAFRP RVERP ANTERP AP RETERP-AP ShPCL-AP 
E PL —— — ———— — Ss 
4. Pt (ms) C Am C Am C Am C Am C Am C Am 
d 1 600 220 250 270 280 220 210 260 270 220 250 170 200 
E. 500 200 230 250 280 210 200 250 260 210 240 
b. 2 600 190 240 240 280 210 240 240 290 o As 
E 430 190 260 230 290 200 230 230 350 (n Tu 200 ^ 400 
|. $8 600 190 220 210 240 220 240 270 290 220 320 dio | nnd 
m 500 180 220 240 230 210 210 250 300 210 300 
En..4 ' 680 220 230 260 300 220 230 340 400 330 340 
Ro 600 200 220 270 270 200 220 330 >600 290 330 470 -G00 
i 5. 600 230 260 250 330 240 260 270 330 "Po s 
p. 430 200 250 210 320 220 210 220 320 "ti $e 280 300 
EM S 750 230 250 310 280 280 250 330 330 ta 260 
E 430 220 210 270 260 220 210 280 270 d. 290 280 
7 . 600 240 280 260 310 220 230 260 320 280 fie 
430 250 260 270 300 190 210 270 260 240 es 230 4 360 
8 X 600 230 210 260 270 240 260 280 290 "m ut 
430 200 210 230 260 230 210 270 280 in e 300 300 
9 680 250 260 290 290 250 260 330 350 370 410 
eM 430 250 250 270 280 230 240 300 350 320 470 300 4 400 
tO. 750 290 270 300 320 240 240 810 360 370 400 
Ds: 500 280 240 290 310 200 210 290 380 360 500 345 420 
qt 750 190 230 250 350 210 276 250 330 is ZUR 
T 500 210 240 250 300 200 240 240 290 "um "3 240 300 
M2 - 600 270 260 310 290 260 250 320 600 370 390 
TE 430 250 290 310 310 240 270 310 430 350 370 350 600 
P3 . 500 220 220 230 250 200 220 250 340 Eu m 
BELT, 430 210 190 230 240 190 210 240 350 to, 300 360 
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. Values are in milliseconds. 






. over the accessory pathway. 


i functional refractory period are given elsewhere.3 Refractory 
. periods of right atrium and right ventricle and anterograde 
F and retrograde conduction and refractory period of the ac- 
|. cessory pathway were studied by the extrastimulus technique 
Bing 3 pacing cycle lengths. At least 2 of the 3 pacing cycle 
Es lengths were the same in all patients in the two studies, al- 
. lowing comparison of results. Regular atrial pacing at in- 
(^ creasing rates was also performed to determine the shortest 
2 cycle length with 1-to-1 anterograde conduction over the ac- 
i cessory pathway. The anterograde refractory period of the 


Qe 





accessory pathway was determined using an atrial site close 
to the atrial insertion of the accessory pathway. Patients in 
- whom the anterograde refractory period of the accessory 
_ pathway could not be determined exactly, because it was 
- shorter than the functional refractory period of the atrium, 
care not included in this study. In general, the duration of the 
_efacton period of the AV node could not be determined in 
me patients studied. 
_ Statistical analysis was performed using the paired and 
E aired Student t test for continuous variables and the 
chi-square test for discrete variables. A p value «0.05 was 
_ considered significant. 





Results 


‘Table I gives the values for the right atrial (RA) ef- 
E fective and functional refractory period, the right ven- 
e tricular (RV) refractory period, and the anterograde and 
_ retrograde effective refractory period of the accessory 
— pathway before and during treatment with oral ami- 
- odarone. Results are given at 2 pacing cycle lengths. 
i Also, the shortest atrial pacing cycle length followed by 
"C to-1 anterograde conduction over the accessory 
| pathway i is shown. 


E . Am = amiodarone; ANTERP = anterograde effective refractory period of the accessory pathway; C = 
. = right atrial effective refractory period; RAFRP = right atrial functional refractory period; RETERP-AP = 
AS of the accessory pathway; RVERP = right ventricular effective refractory period; 


— control; PCL — pacing cycle length; RAERP y 
retrograde effective refractory period ' 
ShPCL-AP = shortest atrial pacing cycle length with 1-to-1 conduction 


Right atrium: For the whole group of patients the 
mean difference between pacing cycle length 1 and 2 was 
75 ms, or 35 beats/min (mean 94 vs 129 beats/min). At 
control study the mean duration of the RA effective 
refractory period at pacing cycle length 1 was 228 + 20 
ms, vs 244 + 20 ms during oral amiodarone (p <0.05), 
and 218 + 28 ms vs 236 + 25 ms at pacing cycle length 
2 (difference not significant [NS]). A rate-dependent 
lengthening of the RA effective refractory period was 
observed in 2 patients at control study (10 to 20 ms) and 
in 3 patients during oral amiodarone therapy (10 to 30 
ms). Two patients had no rate-dependent change in the 
duration of the RA effective refractory period at control 
study, and 2 patients had no change during oral ami- 
odarone treatment. Amiodarone prolonged significantly 
the duration of the RA effective refractory period at 
pacing cycle length 1, but not at pacing cycle length 2. 
Therefore, no significant change occurred in the rate- 
dependent behavior of the RA effective refractory pe- 
riod after amiodarone. 

The mean RA functional refractory period was 264 
+ 29 and 255 + 26 ms at control study at pacing cycle 
length 1 and 2, respectively, and 291 + 29 and 280 + 26 
ms after oral amiodarone administration. Amiodarone 
prolonged significantly the RA functional refractory 
period at pacing cycle lengths 1 and 2 (p <0.05 and p 
<0.02). The mean RA functional refractory period 
shortened significantly with oral amiodarone when the 
pacing cycle length was shortened (p <0.05). Three 
patients showed an increase in the duration of the RA 
functional refractory period when the pacing cycle 
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30 ms) and 2 patients during oral amiodarone (range 
10 to 20 ms) (NS). 

Right ventricle: The RV effective refractory period 
decreased significantly at control study when the pacing 
cycle length was shortened (231 + 21 vs 210 + 15 ms at 
pacing cycle length 1 and 2, respectively, p «0.001) and 


a . also during treatment with oral amiodarone (243 + 16 


vs 220 + 18 ms, p <0.01). The RV effective refractory 
_ period did not change significantly during treatment 
with oral amiodarone at any pacing cycle length. No 
patient showed a rate-dependent increase in RV effec- 
tive refractory period at control study, and only 1 pa- 
tient after oral amiodarone (20 ms). The lack of pro- 
longation of the RV effective refractory period is in 
contrast with previous observations.* This may be a 
dose-related phenomenon. 

Aecessory pathway: The duration of the antero- 
grade effective refractory period of the accessory 
pathway decreased significantly at control study when 
the pacing cycle length was shortened (285 + 34 vs 267 
+31 ms, p <0.01), but not during treatment with oral 
amiodarone (346 + 80 vs 341 + 89 ms). Amiodarone 
prolonged significantly the duration of the anterograde 
effective refractory period of the accessory pathway at 
both pacing cycle length 1 and 2 (p <0.01 and p <0.01, 


FUSE respectively). Therefore, when the whole group of pa- 


= tients was considered, amiodarone hampered a rate- 


— dependent shortening of the anterograde refractory 


period of the accessory pathway. A rate-dependent 


M. lengthening of the anterograde effective refractory pe- 
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riod of the accessory pathway was present in 1 patient 
at control study and in 5 patients during oral amiodar- 
one therapy (10 to 200 ms). Another patient showed no 
 rate-related changes in duration of the anterograde 
refractory period of the accessory pathway while re- 
ceiving amiodarone (p «0.05, control vs amiodarone). 
At control study the retrograde effective refractory 
period of the accessory pathway shortened significantly 
when the pacing cycle length was shortened (308 + 63 
vs 282 + 58 ms, p <0.01), but not during treatment with 
amiodarone (338 + 60 vs 357 + 89 ms). Amiodarone 


— significantly prolonged the duration of the retrograde 


effective refractory period of the accessory pathway 


- . determined at pacing cycle length 1 or 2. No patient had 


. rate-dependent lengthening of the retrograde effective 
refractory period of the accessory pathway during 
control study, but 3 patients had it during treatment 

with oral amiodarone. For the whole group of patients, 
therefore, amiodarone lessened the rate-dependent 
shortening in the retrograde effective refractory peri- 
od of the accessory pathway present during control 
study. 

The shortest cycle length followed by 1-to-1 antero- 
grade conduction over the accessory pathway increased 
significantly after amiodarone treatment (285 + 73 vs 
376 + 115 ms, p «0.05). 

A Observations during circus movement tachy- 
cardia (Table II): Circus movement tachycardia was 

induced in 12 patients during control study and in 9 


me e patients during treatment with oral amiodarone. In- 
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been dh During Circus Movement E i * 
Tachycardia Before and After Amiodarone 
Control Amiodarone 
Pt TCL (ms) SPT TCL (ms) SPT 
1 350 z 435 AP 
2 360 = 450 AVN 
3 385 - 460 =- 
4 280 - NI - 
5 280 - 300 AVN Ret. 
6 270 z 300 Subnodally | * 
7 285 - NI n 
8 210 -— NI - 
9 255 - 350 AP 
10 NI - NI E 
11 320 - 460 = 
12 340 - 400 - 
13 350 = 410 AVN 





AVN = atrioventricular node; AP = accessory pathway; NI = not ^ 
induced; SPT = spontaneous termination; TCL = tachycardia cycle À 
length; — = negative. 1*2 
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ability to induce tachycardia after amiodarone was : 
based upon the creation of ventriculoatrial block in the | 
accessory pathway in 2 patients and a long retrograde | 
effective refractory period of the accessory pathway i in a 
1 patient (no. 10). The mean tachycardia cycle length 3 
increased significantly after oral amiodarone (307 + 4 9 
vs 396 + 60 ms, p «0.01). During control study circus | 
movement tachycardia did not terminate sponta- ; 
neously in any patient, but tachycardia terminated 
spontaneously in 6 patients during oral amiodarone — 
treatment. y 
The site of block during spontaneous termination of | 
tachycardia on oral amiodarone treatment was the AV E 
node in 3 patients, between the His bundle and the 
ventricle in 1 patient, and retrogradely in the accessory - 
pathway in 2 patients. Only 1 of the last 2 patients | n 
showed a rate-dependent lengthening of the retrograde — 
effective refractory period of the accessory pathway — © 
during single test stimulation of the ventricle during oral | 
amiodarone treatment. In the other patients who - 
showed a rate-dependent lengthening of the retrograde 
effective refractory period of the accessory pathway on | 
amiodarone, tachycardia terminated subnodally (pa- _ 
tient 6) or could not be initiated (patient 10). ; 
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Discussion E | 

In reentrant tachycardias antiarrhythmic drugs can 
exert their beneficial effects by preventing the initiating - 
premature beat or by changing the properties of the 
reentry circuit and affecting the critical balance between | 
conduction velocity and refractoriness required to ini- - S 
tiate and sustain reentrant tachycardia. Most antiar- | 
rhythmic drugs have marked effects not only on the — 
duration of the refractory period of cardiac tissues, but 
also on conduction velocity. As a result of the interplay : : 





between effects on refractoriness and conduction ve- 
locity, antiarrhythmic drugs may prevent tachycar 
in some patients but facilitate the occurrence of 

tachycardia in others. An antiarrhythmic drug with no | 
or minimal effects on conduction velocity, but mag ed — 





































the ide al antiarrhytl nai RN Lnd roontrs 
Y me ra i wp lengthening in refractoriness in a 
P ar or the whole reentrant circuit would result in 
^ p or ae termination of tachycardia by creating block in 
; e circuit for the circulating impulse. 
arone is a potent antiarrhythmic drug with 
m effects on refractoriness.*^ We wondered 
ina eth her x thé creation of a rate-dependent lengthening 
n refractoriness contributed to its antiarrhythmic ac- 
. Patients with WPW were chosen because reentry 
he mechanism of circus movement tachycardia and 
ermination of the effects of an antiarrhythmic drug 


h = Di ri ng a mean rate difference of 35 beats/min during 
c pacing, amiodarone reduced a rate-dependent 
01 stes ning in duration of the anterograde and retro- 
de Ee refractory periods of the accessory 

way. Results were statistically significant when the 
ole p patient population was considered. When this 
fc jon was correlated with the mode of sponta- 
c is | Le fan ination! of circus movement tachycardia in 
patients while receiving treatment with oral ami- 
 odarone, a possible clinical correlation could be dem- 
on istrated i in only 1 patient. Explanations for these 
fir ndings are: (1) the inability to initiate circus movement 
_ tach hycardia i in 4 patients while receiving oral amiodar- 
" 1e; (2) the effects of amiodarone on the AV node, 
- making this the weak link in the tachycardia circuit*; 
" an d d (3 the possibility that spontaneous adrenergic 

discharge during tachycardia counteracts the effects 


| y periods. 6.7 The effects of amiodarone on rate- 
ited 1 changes i in refractoriness of the AV node could 
je studied i in these patients because of anterograde 
conduction over an accessory pathway. 
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during pacing is not clear. We could no! 
between the initial duration of the ant« 
rograde effective refractory period of 
pathway and blunting of the rate-depen 
in refractoriness. The location of the acc 
patients age or gender, spontaneous he: 
or total amiodarone dose had no appai 
this phenomenon. As far as we know 
antiarrhythmic drugs on rate-related 

fractoriness has not yet been evaluatec 
heart. Because of their theoretical and px 
implications, we believe that in the eva! 
velopment of antiarrhythmic drugs, the 
drugs on changes in refractoriness in the 
onset of tachycardia must be evalu: 
Theoretically the ideal antiarrhythmic 
ment of reentrant tachycardia should cr 
relation between heart rate and refra: 
would facilitate the spontaneous term 
arrhythmia should tachycardia develop 
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atapres- 12,3 
(clonidine)/ Tansdermal Therapeutic System 
Hypertension : 


THREE DOSAGE STRENGTHS... W 
Start with it in mild to moderate hypertension 


Actual size patches 


B Convenient once-a-week dosage to 
aid compliance. 


B Effective blood pressure control 
with or without a diuretic. 


E Steady-state blood levels — 
without the peaks and valleys of oral forms. 


E No diuretic-like biochemical effects. 


B 24-hour blood pressure control 
7 days a week. 


B Central control of blood pressure. 


Most common side effects are dry mouth and drowsiness, which tend to 
diminish with time, and mild erythema and pruritus associated with 7-day 
skin occlusion. After a mean duration of treatment of 24 weeks, contact 
dermatitis was observed in 1676 of patients. This condition resolved upon 
discontinuation of therapy. 


Please see brief summary of prescribing information on last page, including contraindications, precautions, and adverse reacti 
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Control 


Duration of treatment, months 


Patch-to-patch applications 


Steady-state blood levels — : 
without the peaks and valleys of oral forms 
Mean (n = 5) clonidine 
plasma concentration 
(ng/ml)—3.5 cm: 
Catapres-TTS patch.’ 


+ S.E.M. 


ng/ml 
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New Vedi Dres- qT 12,3 


(clonidine)/ Tansdermal (Cionidine)/ Transdermal Therapeutic System System 


TI I T IBE  N o—5 q E ie 3 
THREE DOSAGE STRENGTHS... 


Start with it in mild to moderate hypertension 


Actual size patches 


How to use CatapresT TS" 


Three Dosage Strengths for Individualized Therapy 
Titrate to proper dosage with CatapresT TS^ alone 


1. Start with #1. Replace with #2 and then #3 when necessary to 
achieve effective blood pressure control. 


2. CatapresT TS" is usually unaffected by showering or other routine 
daily activities. For some patients, use of an overlay is occasionally 
required to maintain adequate skin adherence. 


3. Most common side effects are dry mouth 
and drowsiness, which tend to diminish 
with time, and mild erythema and pruritus 
associated with 7-day skin occlusion. 
Contact dermatitis was observed in 1676 of 
patients (100 of 631) treated for a mean 
duration of 24 weeks. This condition re- 
solved upon discontinuation of therapy." 


*Please refer to Precautions in prescribing information if considering 
substitution of oral clonidine hydrochloride in patients who develop skin 
reactions during Catapres- TTS* therapy. 
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Clonidine)/ Tansdermal Therapeutic System 


Hypertension ri 2 3 


THREE DOSAGE STRENGTHS... 
Start with it in mild to moderate hypertension 


The first 


Actual size patches 


once-a-week transdermal antihypertensive system 


Seven days of effective blood pressure control 

B Convenient once-a-week dosage to aid compliance. 

m Effective blood pressure control with or without a diuretic. 

E Steady-state blood levels —without the peaks and valleys of oral forms. 


Brief Summary of Prescribing Information 


Contraindications: Cata; :2s-TTS® (clonidine) should not be used in patients with 
known hypersensitivity to clonidine or to any other component of the adhesive layer of the 
therapeutic systerr 
Precautions: General: In patients who have developed localized contact sensitization to 
Catapres-TTS* (clonidine), substitution of oral clonidine hydrochloride therapy may be 
associated with development of a generalized skin rash 
patients who develop an allergic reaction to Catapres-TTS* that extends beyond the local 
h site (such as generalized skin rash, urticaria, or angioedema) oral clonidine hydro- 
substitution may elicit a similar reaction 
antihypertensive therapy. Catapres-TTS* should be used with caution in patients 
ere coronary insufficiency, recent myocardial infarction, cerebrovascular disease, or 
chr enal failure 
Withdrawal: Patients should be instructed not to discontinue therapy without consulting their 
physician. Sudden cessation of clonidine treatment has resulted in subjective symptoms 
such as nervousness, headache and sweating, accompanied or followed by a rapid rise in 
blood pressure and elevated catecholamine concentrations in the plasma, but such occur- 
rences have usually been associated with previous administration of high oral doses 
(exceeding 1.2 mg/day) and/or with continuation of concomitant beta-blocker therapy Rare 
nstances of hypertensive encephalopathy and death have Deen reported 
An excessive rise in blood pressure following Catapres-TTS® discontinuance can be re- 
versed by administration of oral clonidine or by intravenous phentolamine If therapy is to be 
jiscontinued in patients receiving beta-blockers and clonidine concurrently, beta-blockers 
should be discontinued several days before cessation of Catapres-TTS* administration 
Perioperative Use: As with oral clonidine therapy, Cajapres-TTS* therapy should not be 
nterrupted during the surgical period. Blood pressure should be carefully monitored during 
surgery and additional measures to control blood pressure should be available if required 
Physicians considering starting Catapres-TTS*® therapy during the perioperative period 
must be aware that therapeutic plasma clonidine levels are not achieved until 2 to 3 days 
after initial application of Catapres-TTS* 
Information for Patients: Patients who engage in potentially hazardous activities. such as 
operating machinery or driving, should be advised of a potential sedative effect of clonidine 
Patients should be cautioned against interruption of Catapres-TTS* therapy without a 
physician's advice. Patients should be advised that if the system begins to loosen from the 
skin after application, the adhesive overlay should be applied directly over the system to 
insure good adhesion over its 7-day lifetime. Instructions for using the system are provided 
Patients who develop moderate or severe erythema and/or localized vesicle formation at the 
site of application, or a generalized skin rash, should consult their physician promptly about 
the possible need to remove the patch 
Drug Interactions: |f a patient receiving clonidine is also taking tricyclic antidepressants 
the effect of clonidine may be reduced, thus necessitating an increase in dosage. Clonidine 
may enhance the CNS-depressive effects of alcohol. barbiturates or other sedatives 
Amitriptyline in combination with clonidine enhances the manifestation of corneal lesions in 
rats 
Carcinogenesis, Mutagenesis, Impairment of Fertility: In a 132-week oral Carcinogenicity 
study in rats. clonidine hydrochloride produced no carcinogenic effects at doses up to 300 
times the maximum recommended human dose of Catapres-TTS* on a mg/kg weight basis 
Pregnancy: Teratogenic Effects. Pregnancy Category C. Reproduction studies performed 
in rabbits at doses up to 31 times the maximum recommended daily human dose of 
Catapres-TTS* have revealed no evidence of impaired fertility or harm to the fetus due to 
clonidine hydrochloride. Studies in rats and mice revealed that doses of 500 mcg/kg/day 
and higher are embryotoxic. One rat study at doses of 15 mcg/kg/day (0.33 times the maxi- 
mum recommended daily human dose) exhibited embryotoxicity There are no adequate 
and well-controlled studies in pregnant women. Although animal reproduction studies are 
not always predictive of human response, this drug should be used during pregnancy only ii 
clearly needed 
Nursing Mothers: As clonidine is excreted in human milk, caution should be exercised 
when Catapres-TTS* (clonidine) is administered to a nursing woman 
Pediatric Use: Safety and effectiveness in children below the age of 12 have not been 
established 
Adverse Reactions: Most systemic adverse effects during therapy with Catapres-TTS* 
(clonidine) have been mild and have tended to diminish with continued therapy. In a 2. 


month, multiclinic trial of Catapres-TTS* in 101 hypertensive patients, the most frequent 
systemic reactions were dry mouth (25 patients) and drowsiness (12 patients) 

Transient localized skin reactions, primarily localized pruritus occurred in 51 patients 
Twenty-six patients experienced localized erythema. This erythema and pruritus were more 
common in patients utilizing an adhesive overlay for the entire 7-day treatment period 
Allergic contact sensitization to Catapres-TTS* was observed in 5 patients 

In additional clinical exoerience, contact dermatitis was observed in 100 of 631 patients 
(about 16 in 100) treated for a mean duration of 24 weeks 

The following less frequent adverse experiences were also reported in patients involved in 
the multiclinic trial with Catapres-TTS* 


Gastrointestinal: Constipation (1 patient); nausea (1). and change in taste (1) 


Central Nervous System: Fatigue (6 patients); headache (5). lethargy (3). sedation (3) 
insomnia (2); dizziness (2); and nervousness (1) 

Genitourinary: Impotence/sexual dysfunction (2 patients) 

Dermatological: Localized vesiculation (7 patients); hyperpigmentation (5); edema (3) 
excoriation (3); burning (3); papules (1); throbbing (1); blanching (1), and generalized 
macular rash (1) 

In additional clinical experience involving 3539 patients, less common dermatologic reae-" 
tions have occurred, where a causal relationship to Catapres-TTS* was not established 
maculopapular skin rash (10 cases); urticaria (2 cases); angioedema involving the face (2 
cases), one of which also involved the tongue 

Oro-otolaryngeal: Dry throat (2 patients) 

in long experience with oral clonidine hydrochloride, the most common adverse reactions 
have been dry mouth (about 40%), drowsiness (about 35%) and sedation (about 8%). In 
addition, the following adverse reactions have been reported less frequently 
Gastrointestinal: Nausea and vomiting, about 5 in 100 patients; anorexia and malaise, each 
about 1 in 100; mild transient abnormalities in liver function tests, about 1 in 100; parotitis 
rarely 

Metabolic: Weight gain, about 1 in 100 patients; gynecomastia. about 1 in 1000: transient 
elevation of blood glucose or serum creatine phosphokinase, rarely 

Central Nervous System: Nervousness and agitation, about 3 in 100 patients: mental 
depression, about 1 in 100 and insomnia, about 5 in 1000. Vivid dreams or nightmares. other 
behavioral changes, restlessness, anxiety, visual and auditory hallucinations and delirium 
have been reported 

Cardiovascular: Orthostatic Symptoms, about 3 in 100 patients; palpitations and tachycar- 
dia, and bradycardia. each about 5 in 1000. Raynaud's phenomenon, congestive heart fail- 
ure, and electrocardiographic abnormalities (1.e. conduction disturbances and arrhythmias) 
have been reported rarely 

Dermatological: Rash, about 1 in 100 patients; pruritus, about 7 in 1000. hives, angioneu- 
rotic edema and urticaria, about 5 in 1000; alopecia, about 2 in 1000 

Genitourinary: Decreased sexual activity, impotence and loss of libido. about 3 in 100 
patients; nocturia, about 1 in 100; difficulty in micturition, about 2 in 1000; urinary retention 
about 1 in 1000 

Other: Weakness. about 10 in 100 patients; fatigue. about 4 in 100; headache. and discon 
tinuation syndrome, each about 1 in 100; muscle or joint pain, about 6 in 1000 and cramps 9f 
the lower limbs. about 3 in 1000. Dryness, burning of the eyes, dryness of the nasal mucosa 
pallor, weakly positive Coombs test, increased sensitivity to alcoho! and fever have beer 
reported 

How Supplied: Catapres-TTS*-1 (clonidine). Catapres-TTS*-2 (clonidine) or Catapres- 
TTS®-3 (clonidine) is supplied as 4 pouched systems and 4 adhesive overlays per carton 
Catapres-TTS*-1 or Catapres-TTS*-2 is supplied in a shipper of 3 cartons 
Consult package insert before prescribing CT-BPI-6/85 
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Evaluation by Serial Electrophysiologic Studies of an 
Abbreviated Oral Loading Regimen of Amiodarone 


ELEANOR E. KENNEDY, MD, LYNDA E. ROSENFELD, MD, CRAIG A. McPHERSON, MD, 
and WILLIAM P. BATSFORD, MD 





Optimal loading and maintenance regimens for 
amiodarone are undefined. Serial electrophysiologic 
testing was used in 25 patients with ventricular 
tachycardia to assess the adequacy of a 1-week 
oral loading regimen at 1,200 mg/day, to modify 
maintenance dosing at the conclusion of loading, 
and to evaluate the appropriateness of maintenance 
dosing after 2 months of therapy. During the loading 
period, highly significant (p <0.001) increases oc- 
curred in the AH interval (88 + 22 vs 120 + 31 ms), 
HV interval (49 + 10 vs 61 + 11 ms), AV nodal 
Wenckebach cycle length (390 + 92 vs 537 + 147 
ms), ventricular refractory period (247 + 17 vs 276 
+ 23 ms), mean ventricular tachycardia cycle 
length (254 + 38 vs 298 + 52 ms) and return cycle 
length (294 + 55 vs 360 + 87 ms). Ventricular 
tachycardia inducibility decreased in only a minority 


of cases, and when observed in association witha — 
more than 10% increase in ventricular refractory — 


period, resulted in a lower maintenance dose. After 


2 months of maintenance therapy no additional | 


change occurred in any of these parameters except 


for an increase in ventricular tachycardia cycle 


length (298 + 52 vs 330 + 65 ms, p <0.017). Ven- 


tricular tachycardia inducibility again showed no 


consistent response. It is concluded that patients can 


be discharged after 1 week of therapy with oral 
amiodarone loading at 1,200 mg/day and that 
maintenance dosing modified by electrophysiologic 
assessment results in steady perpetuation of the 
cardiac amiodarone effect, as indicated by the time 
course of change in electrophysiologic variables 
consistently affected. 

(Am J Cardiol 1985;56:867-871) 





Because of its unusual pharmacokinetic characteris- 
tics,!-4 optimal dosing with amiodarone is controversial. 
In particular, oral loading regimens have varied widely, 
with doses ranging from 600 to 1,400 mg/day and du- 
ration of loading ranging from 1 to 4 weeks.?-? This 
problem is fostered by the difficulty in applying stan- 
dard methods of judging antiarrhythmic effect to ami- 
odarone.7-!? The effects of oral amiodarone on elec- 
trophysiologic variables have been well described?!?-16 
and are a direct bioassay of cardiac drug effect. The 
purposes of this prospective study were to determine 
whether a relatively abbreviated 1-week oral loading 
regimen resulted in substantial electrophysiologic 
change, and to determine whether, as opposed to a fixed 
dosing schedule, individual discharge dosing could be 
appropriately modified on the basis of electrophysio- 
logic findings after the loading period. 


Methods 


Patients: The study group consisted of 25 consecutive 
patients with ventricular arrhythmias unrelated to acute 
myocardial infarction or other reversible phenomena and in 
whom control electrophysiologic study could be performed 
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manuscript received May 24, 1985, accepted May 28, 1985. 

Address for reprints: William P. Batsford, MD, Section of Cardiology, 
Yale University School of Medicine, 333 Cedar Street, 300 FMP, New 
Haven, Connecticut 065 10. 


within 3 weeks of the start of amiodarone therapy. Clinical 
characteristics are detailed in Table I. All patients with non- 
sustained ventricular tachycardia (VT) had either syncope 


in association with nonsustained VT on Holter monitoring or _ 3 ^ 


long and frequent asymptomatic runs of nonsustained VT on 
electrocardiographic monitoring. 


Amiodarone dosing regimen (Table II): Patients re- - E 


ceived an oral loading dose of 1,200 mg/day for 8 + 2 days 
(mean + standard deviation). An 800-mg loading dose, as well 
as a reduced maintenance dose, was used for patients 3 and 
12 because of their weight (less than 55 kg). Patients were then 
discharged receiving reduced doses of amiodarone, most often 
given at 800 mg/day. Discharge doses of 400 to 600 mg/day 
were considered for patients with clinical sustained VT or 
nonsustained VT if at least 1 of the following criteria were met: 
(1) a gross decrease in VT inducibility accompanied by more 


than 10% increase in the ventricular refractory period (pa- - à 5 


tients 2, 13, and 14), (2) a noninducible response in association 
with the clinical diagnosis of nonsustained VT (patients 13, 
14 and 24), and (3) intolerable side effects (patient 3 and 13). 
Patient 1, whose clinical arrhythmia was nonsustained VT, 
was also discharged receiving 600 mg/day because his maximal 


response of 5 consecutive complexes of VT barely met our 
criteria for induced nonsustained VT (see later). All patients — . 


with primary ventricular fibrillation received 800 mg/day. 
After 2 months of therapy (69 + 14 days), the dosage was re- 
duced further (408 + 158 mg/day) for long-term treatment. 

Electrophysiologic studies: All patients underwent 
electrophysiologic evaluation in the control state 4 or more 


half-lives after discontinuation of all antiarrhythmic agents, | 


after 1 week (8 + 2 days) of oral amiodarone loading, and after 
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» TABLE! Clinical Characteristics 
No. of patients 25 
Age (yr) 58 + 15 
. Male/female 17/8 
Cardiac diagnosis 
_ Coronary artery disease 16 
Dilated cardiomyopathy 5 
Valvular heart disease 2 
Right ventricular dysplasia 1 
No known heart disease 1 
Left ventricular ejection fraction (%) 33 + 15 
Clinical arrhythmia 
Ventricular fibrillation 5 
Sustained ventricular tachycardia 9 
Nonsustained ventricular tachycardia 11 
Previous drug trials failed 3.3 + 1.7 


2 months (69 + 14 days) of outpatient maintenance therapy. 
Patients were studied in the postabsorptive nonsedated state 
after they gave written informed consent. Multielectrode 
catheters were inserted percutaneously and positioned under 
fluoroscopic guidance. Recording and pacing sites included 
the high right atrium, His bundle area, right ventricular apex 
and coronary sinus. Surface leads I, II and V; were displayed 
simultaneously with intracardiac tracings and recorded on a 
VR-12 (Electronics for Medicine) recorder at a paper speed 
of 50 to 150 mm/s. Cardiac stimulation was performed with 
a programmed constant-current stimulator (World Precision 
Instruments) using rectangular pulses 1 ms in duration, de- 
livered at twice diastolic threshold or 1.5 mA, whichever was 
higher. 
Sinus cycle length, corrected sinus node recovery time, si- 
. noatrial conduction time, AH and HV intervals, and refractory 
_ periods of the right atrium and right ventricle were measured 
according to standard techniques.!7:18 The maximal atrio- 
. ventricular nodal Wenckebach cycle length was determined 
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by incremental atrial pacing. The ventricular stimulation 
protocol consisted of (1) single, double and triple extrastimuli 
during spontaneous rhythm and at 2 or more paced cycle 
lengths, (2) single and double extrastimuli following a drive 
train with abrupt short-to-long cycle length changes,!? and 
(3) brief bursts of rapid right ventricular pacing. The end- 
points of stimulation were (1) induction of sustained VT, (2) 
induction of rapid nonsustained VT (mean cycle length 250 
ms or less) of at least 10 consecutive complexes, or (3) ven- 
tricular refractoriness.?" VT mean cycle length and return 
cycle length, the latter defined as the interval from the ven- 
triculogram of the last programmed extrastimulus to the first 
VT complex, were measured in patients with induced VT 
lasting at least 5 consecutive complexes at all 3 studies. 

Definition of induced ventricular responses: Sustained 
VT was defined as VT requiring pacing or external cardio- 
version for termination. Nonsustained V'T was defined as VT 
of at least 5 consecutive complexes and reverting sponta- 
neously to supraventricular rhythm. A noninducible response 
occurred when fewer than 5 consecutive VT complexes could 
be induced after completion of the stimulation protocol. A 
decrease in inducibility was defined as a change from sus- 
tained VT to either nonsustained VT or a noninducible re- 
sponse, or a change from nonsustained V'T to a noninducible 
response. 

Statistical methods: Analysis was performed using a 
Student 2-tailed paired t test. In accordance with the Bon- 
ferroni correction for multiple comparisons,?! p «0.017 was 
required for statistical significance. All values are given as 
mean + standard deviation in milliseconds unless otherwise 
specified. 


Results 


The effects of amiodarone on electrophysiologic 
variables are summarized in Table III. There is a con- 


TABLE! Individual Arrhythmia Diagnosis, Amiodarone Dosing Regimen, and Effect on Ventricular Refractory Period 


and Inducibility 
Loading Loading 
Dose Duration 

Pt Dx (mg/day) (days) C 
1 NSVT 1,200 8 230 
2 VT 1,200 7 270 
3 VT 800 8 260 
4 VT 1,200 7 Jah 
5 VF 1,200 12 210 
6 VT 1,200 7 240 
7 NSVT 1,200 7 250 
8 VT 1,200 9 280 
9 VT 1,200 11 250 
10 NSVT 1,200 7 240 
11 VT 1,200 7 240 
12 NSVT 800 7 260 
13 NSVT 1,200 7 230 
14 NSVT 1,200 8 260 
15 VF 1,200 7 240 
16 NSVT 1,200 8 280 
17 VF 1,200 8 230 
18 VF 1,200 7 250 
19 VT 1,200 8 250 
20 VT 1,200 7 ia 
21 NSVT 1,200 7 230 
22 VF 1,200 7 240 
23 NSVT 1,200 7 240 
24 NSVT 1,200 7 e's 
25 NSVT 1,200 7 TER 
Mean 1,168 8 247 
+ SD + 109 +1 +17 


VRP (ms) Inducibility Discharge 
Dose 
1 wk 96 À C 1 wk (mg/day) 
260 13 NSVT NSVT 600 
330 22 NSVT NI 400 
fud M VT VT 200 
260 RE NSVT VT 800 
250 19 NSVT NSVT 800 
260 8 VT NSVT 800 
260 4 NSVT NSVT 800 
290 4 VT VT 800 
280 12 NI NI 800 
250 4 NSVT NSVT 800 
270 13 NSVT NSVT 800 
300 15 NSVT NSVT 400 
280 22 VT NI 400 
300 15 NSVT NI 600 
250 4 VT NSVT 800 
280 0 NSVT NSVT 800 
290 26 VT NSVT 800 
290 16 NSVT VT 800 
240 -— VT VT 800 
a PAN NSVT VT 800 
300 30 NSVT NSVT 800 
310 24 NSVT VT 800 
290 21 NSVT VT 800 
250 E NI NI 600 
250 Ew NSVT VT 800 
276 14 696 
+ 23 + 10 + 183 


C = control; Dx = arrhythmia diagnosis; NI = noninducible; NSVT = nonsustained ventricular tachycardia; SD = standard deviation; VF 


= ventricular fibrillation; VRP = ventricular refractory period; VT = sustained ventricular tachycardia; % A = percent change; ... 
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TABLE m Effects of Amiodarone on Electrophysiologic Parameters 
| p Values (no. of patients) 
" C 1 Week 2 mo. C vs 1 Week 1 Week vs 2 mo. Cvs2mo. | 
e SCL 802 + 144 877 + 198 924 + 170 NS (23)* NS (23) <0.001 (23) 
CSNRT 359 + 228 435 + 323 433 + 307 NS (19) NS (21) NS (19) 
SACT 133+ 54 155+ 52 121+ 47 NS (7) NS (14) NS (12) 
AH 88+ 22 120+ 31 111+ 25 <0.001 (23) NS (23) <0.001 (23) 
HV 49+ 10 61+ 11 64+ 13 <0.001 (24) NS (25) <0.001 (24) 
WCL 390+ 92 537 + 147 541+ 123 <0.001 (22) NS (24) <0.001 (24) 
ARP 233+ 37 280+ 49 289+ 46 <0.017 (13) NS (14) <0.005 (12) 
VRP 247+ 17 276+ 23 284+ 25 <0.001 (20) NS (22) <0.001 (20) 
VTCL 254+ 38 298+ 52 330+ 65 <0.001 (16) <0.017 (16) <0.001 (16) 
RCL 294+ 55 360+ 87 368+ 68 <0.005 (16) NS (16) <0.001 (16) 





All values are expressed as mean + standard deviation in milliseconds. 
* p <0.05, but not significant by Bonferroni correction requiring p <0.017 for 3 comparisons. E 
ARP = atrial refractory period; C = Control; CSNRT = corrected sinus node recovery time; NS = not significant; RCL = return cycle length; —— 
SACT = sinoatrial conduction time; SCL = sinus cycle length; VRP = ventricular refractory period; VTCL = ventricular tachycardia cycle — 


length; WCL = Wenckebach cycle length. 


tinuous trend toward an increase in sinus cycle length 

over the treatment period (Fig. 1), which reaches sta- 

tistical significance when the control and 2-month 

studies are compared (p «0. 001). There were no sig- 

nificant changes in corrected sinus node recovery time 
». or sinoatrial conduction time (Fig. 1). 

In contrast, the AH and HV intervals and Wencke- 
bach cycle length increased (p «0.001) during the 
loading period and remained stable thereafter during 

. the maintenance phase (Fig. 2). Refractory periods of 
the atrium and ventricle also lengthened during ami- 
odarone therapy (Fig. 3), and exhibited the same pat- 
tern as that followed by the AH and HV intervals and 
the Wenckebach cycle length. 

VT cycle length increased after 1 week of amio- 
darone loading (p <0.001), with a further increment (p 
<0.017) occurring from 1 week to 2 months (Fig. 4). 

"The return cycle length followed the predominant pat- 
tern, with a significant increase during loading, which 
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S T FIGURE 1. Sinus node functional testing in the p«O0l NS 
-control state, after 1 week of oral amiodarone 00 er. T 800p Es... niga 300 
—. loading, and after 2 months of maintenance 
= therapy. All values are expressed as mean X . e so e 
= standard deviation. * p «0.05 but not signifi- 2 E 2 200 
= Cant by Bonferroni correction; C = control  — 900 a — 
= electrophysiologic study; CSNRT = corrected J pec x 400 [5 
sinus node recovery time; NS = not significant; © o & 100 
SACT = sinoatrial conduction time; SCL = cnn O 200 
sinus cycle length. 
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v FIGURE 2. Atrioventricular conduction in the 


. control state, after 1 week of oral amioda- 7" 600 - 

. rone loading, and after 2 months of mainten- E - 

. A ance therapy. NS = not significant; WCL = iu > 50 
cc argh cycle length. S 300 I 
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Assessment of overall (Fig. 5) and individual rata 
II) response to programmed right ventricular stimula- 
tion revealed no consistent pattern of change in indu- - a : 
cibility. Although some patients showed a decrease in —— 
the level of VT inducibility with amiodaronerelativeto 
the control state, most did not. There was no striking — | 
change over time in the proportion of patients who had E ; 
sustained VT, nonsustained VT or a noninducible  . 
response. 

Toxicity and efficacy: Two instances of intolerable e E i 
side effects occurred during loading (gastrointestinal | 
and sinus node dysfunction) and 7 instances occurred — 
during 14 + 5 months of follow-up: 2 pulmonary, 3 id | 
gastrointestinal, 1 neurologic and 1 hepatic. Amiodarone - a 


ag 


therapy was discontinued in 1 patient with primary — - 
ventricular fibrillation, who had an unacceptable | 5 
proarrhythmic response with a marked increase in the T 
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è . ease of VT inducibility after 2 months of amiodarone 
therapy. Of the remaining 24 patients, 19 (79%) have 
remained free of arrhythmia recurrence. 


Discussion 


Two conclusions of direct clinical importance re- 

garding amiodarone dosing are suggested by these data. 
First, significant electrophysiologic effects can be 
achieved after 1 week of oral loading with 1,200 mg/day. 
This finding is of clinical relevance because patients 
have previously been hospitalized for up to 4 weeks for 
amiodarone loading.” Because no arrhythmia recurred 
between 1 week and 2 months of therapy, patients 
generally can be discharged after a 1-week loading pe- 
riod in the absence of persistent spontaneous and severe 
arrhythmias. 

Second, the extent of electrophysiologic change after 
- loading may be useful in selecting the level of mainte- 
- nance therapy. A decrease in VT inducibility, which 
. previously has been suggested to have favorable prog- 

nostic implications with amiodarone,??.?? prompted a 


— lower discharge dose when associated with a more than 


10% increase in ventricular refractory period. The in- 
crease in refractory period was required to lessen the 
~ possibility that the decrease in VT inducibility was an 
— artifact of programmed ventricular stimulation non- 
— reproducibility,” and to substantiate the role of ami- 
odarone therapy in the decrease in VT inducibility in 
these individual cases, since amiodarone did not affect 
_ VT inducibility with any degree of consistency in the 
.. patient group as a whole. 
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; FIGURE 3. Atrial (ARP) and ventricular (VRP) refractory periods in the 
_ control state, after 1 week of oral amiodarone loading, and after 2 
- months of maintenance therapy. NS = not significant. 
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FIGURE 4. Ventricular tachycardia cycle length (VTCL) and return cycle 
length (RCL) in the control state, after 1 week of oral amioda- 
rone loading, and after 2 months of maintenance therapy. NS — not 
significant. 
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Effect of amiodarone on electrophysiologic pa- 
rameters: Unlike VT inducibility, many electrophys- 
iologic variables were affected in a consistent manner 
by amiodarone. Sinus cycle length, AH interval, AV 
nodal Wenckebach cycle length, atrial and ventricular 
refractory periods and mean VT cycle length all in- 
creased, consistent with earlier studies.7^:1?-16 The HV 
interval also lengthened, as observed by some?:4 but not 
all previous investigators.!?.13 

With 2 exceptions, all consistently affected variables 
significantly increased during loading, and these in- 
creases were sustained, with no further major change 
during maintenance therapy. The more continuous 
increase in sinus cycle length and mean VT cycle length 
is consistent with observations by other investiga- 
tors,!:24 who noted more marked increases in these 2 
measurements during chronic oral therapy than during 
acute intravenous therapy. Whether metabolite effect 


or slower penetration of a *deeper"!? physiologic com- 


partment is responsible for these more sustained in- 
creases is unknown. 

Limitations: At the time of this study we did not 
have facilities for determining serum amiodarone levels. 
Comparison between the time courses of electrophys- 
iologic changes and serum levels are ongoing in our 
laboratory. 

The electrophysiologic data concern only the first 2 
months of amiodarone therapy, and do not ascertain 
stable perpetuation of electrophysiologic influence 
during later maintenance therapy. Nevertheless, the 
79% arrhythmia control rate is consistent with clinically 
meaningful maintenance of amiodarone effect during 
long-term therapy. 

Our findings concerning VT inducibility should be 
interpreted in the context of the endpoints of our 
stimulation protocol, which included the induction of 
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FIGURE 5. Proportion of patients with different inducible ventricular 
arrhythmias in the control state, after 1 week of amiodarone loading, 
and after 2 months of maintenance therapy. Arrows indicate the number 
of patients changing levels of inducibility or remaining at the same level 
of inducibility from 1 electrophysiologic study to the next. NI — no 
inducible ventricular tachycardia; NSVT = nonsustained ventricu- 
lar tachycardia; VT = sustained ventricular tachycardia. See text for 
details. 
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at least 10 beats of rapid VT. For example, all of the 
patients with clinical sustained VT who are listed in 
Table II as having nonsustained VT inducible at control 
electrophysiologic study did have at least 10 beats of 
rapid VT, at which point the protocol was terminated. 

- Higher incidences of inducible sustained VT might have 
resulted had we uniformly persisted until either a sus- 
tained arrhythmia or ventricular refractoriness was 
achieved. 

The considerations used in this study to select 
maintenance dosing are somewhat complex in com- 
parison to a uniform regimen. However, because of the 
differences in arrhythmia responsiveness and suscep- 
tibility to adverse effects, adherence to a fixed ami- 
odarone dosing protocol may not be practical.?? The 
clinical outcomes as well as the results of electrophysi- 
ologic testing at 2 months suggest that modification of 
a dosing protocol by electrophysiologic assessment after 
loading is a reasonable therapeutic alternative. 
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Spontaneous Termination of Reciprocating Tachycardia 
. Owing to Interaction of Dual Atrioventricular Nodal Pathways 
| in Patients with an Accessory Pathway 


KARL-HEINZ KUCK, MD, KLAUS-PETER KUNZE, MD, MICHAEL SCHLUTER, PhD, 
and WALTER BLEIFELD, MD 


. Retrospective analysis of the electrophysiologic cardia, termination occurred after a sudden switch 

. recordings from 125 consecutive patients with re- from a slow to a fast AV nodal pathway, leading to 

_ ciprocating tachycardia involving an accessory conduction block in either the accessory pathway 
 atrioventricular (AV) pathway suggested, by the or the His-Purkinje system. In 2 patients with 

. mode of spontaneous termination of reciprocating orthodromic tachycardia, termination was caused 

_ tachycardia, the coexistence of dual AV nodal by a sudden change of anterograde conduction from 

. pathways in 7 patients. Three different modes of a fast to a slow AV nodal pathway, eliciting an AV 

. Spontaneous tachycardia termination were ob- nodal echo beat. The interaction of dual AV nodal 

. served. In 2 patients with antidromic tachycardia, pathways within the reentry circuit incorporating the wx 
termination was a result of AV nodal reentry, pre- accessory pathway always inhibited sustained re- i 

. ceded by a decrease in retrograde AV nodal con- ciprocating tachycardia. 
. duction. In 3 other patients with antidromic tachy- (Am J Cardiol 1985;56:872-876) 

-. The most frequent rhythm disorder in patients with the Methods 


_ Wolff-Parkinson-White (WPW) syndrome is parox- 


iP j í : ^ : Patients: We retrospectively analyzed electrophysiologi 
_ ysmal orthodromic reciprocating tachycardia, which tci Orage pid physiologic 


studies of 125 consecutive patients with an accessory AV 


— involves the atrioventricular (AV) node in anterograde pathway to examine the mode of spontaneous termination of 
. and the accessory AV pathway in retrograde direction. 12 reciprocating tachycardia involving the accessory pathway. 
- Occasionally, supraventricular tachycardia may be an In 34 patients (27%) tachycardia terminated spontaneously: 
antidromic reciprocating tachycardia in which the im- in the accessory pathway in 16, in the His-Purkinje system in 

. pulse is conducted anterogradely over the accessory 4, and by AV nodal involvement in 14 patients. Of these 14 
» pathway and retrogradely over His bundle and AV patients, the electrophysiologic study suggested participation 
node.? of dual AV nodal pathways in the mode of spontaneous 

B In cases in which the AV n odal limb of the reentrant tachycardia termination in 7. The records of these 7 patients 


form the basis of this report. All 7 patients had a history of 
palpitations. Episodes of nonsustained orthodromic tachy- 
cardia had been documented in 2 patients. There were 4 men 


- circuit consists of multiple conduction pathways, the 
arrhythmias may become more complex, and the in- 


_ teraction between these pathways and the single ac- and 3 women, mean age 38 years. Five patients had the typical 
. cessory AV connection may be important for the initi- electrocardiographic pattern of the WPW syndrome, whereas 
. ation and continuation of reentrant tachycardias.4-6 2 patients had a normal surface electrocardiogram. 

— We report on the interaction of dual AV nodal Electrophysiologic study: After patients gave informed, 
_ pathways in the mechanism of spontaneous termination written consent, they were studied in the resting, nonsedated 
. of reciprocating tachycardia in the WPW syndrome. state. They had taken no medication for 48 hours. Using the 
- Various modes of impulse conduction within the AV Seldinger technique, quadripolar catheters were passed 


through both femoral veins and advanced to the high right 
atrium, coronary sinus and right ventricular apex. In patient 
1 an additional quadripolar catheter was advanced into the 
left atrium through a patent foramen ovale. In all patients a 
bipolar catheter was positioned across the tricuspid valve to 
BEA Dapatnent of Cardiology, University. Hoépifal Eppondon record His bundle electrograms. Our stimulation protocol has 
bates 4 , , reviously been reported.’ All electrograms were recorded 
Hamburg, Federal Republic of Germany. This work was supported by nae Se eously on a 16-channel electrocardi ograph at a paper 


. a grantfrom the Werner Otto Stiftung, Hamburg, Federal Republic of 5 : : : 
. Germany. Manuscript received January 14, 1985; revised manuscript speed of 100 mm/s. Stimulus strength was twice diastolic 


. node during reciprocating tachycardia may lead to early 
. cessation of tachycardia and may prevent sustained 
tachycardia in these patients. 





received May 16, 1985, accepted May 17, 1985. threshold and stimulus duration was 0.5 ms. 
Address for reprints: Karl-Heinz Kuck, MD, Department of Cardiology, Definitions: Conventional definitions were used for re- 
. University Hospital Eppendorf, Martinistrasse 52, D-2000 Hamburg 20, fractory periods®; the presence of an accessory pathway was 
. Federal Republic of Germany. diagnosed by standard criteria,? as were antidromic or 
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t Fast atrioventricular nodal pathway. 

t Slow atrioventricular nodal pathway. 

A = atrium; AH = atrio-His conduction time; ant = 


VA = ventriculoatrial conduction time. 


orthodromic reciprocating tachycardia. The diagnosis of dual 
AV nodal pathways during basic pacing with the extrastimulus 
technique and of AV nodal echoes was made according to 
Denes et al!? and Rosen et al.!! A tachycardia was termed 
nonsustained when more than 3 beats were induced and its 
ia duration was less than 30 seconds. When the tachycardia 
lasted longer than 30 seconds it was termed sustained. 
Drug intervention: To study the characteristics of retro- 
grade conduction in patients 3, 4 and 5, with antidromic re- 
ciprocating tachycardia, 1 mg of atropine was administered 
intravenously before repetition of the stimulation protocol. 
Patients were followed up for a mean of 11 months. 


. AN 


Results 


Patients 1 to 5 had an accessory pathway capable of 
both anterograde and retrograde conduction, whereas 
patients 6 and 7 had a concealed accessory pathway. 

Characteristics of tachycardia: Basic electro- 
physiologic data and characteristics of reciprocating 
tachycardia are summarized in Table I. Sustained 

= tachycardia was not induced in any of our patients. 

œ After atropine, tachycardia became sustained in all 3 
patients who received the drug. 

Ki Dual AV nodal pathways could not be diagnosed with 
the extrastimulus technique during basic atrial or 
ventricular pacing in patients 1 to 5, because the an- 
terograde effective refractory period of the accessory 
pathway was shorter than the anterograde AV nodal 
refractory period, precluding disclosure of discon- 
tinuous AV nodal conduction curves. In patients 6 
and 7, atrial pacing with the extrastimulus technique 
revealed discontinuous anterograde AV nodal conduc- 
tion curves. 

Modes of tachycardia termination: In all patients, 
the presence of dual AV nodal pathways was suggested 
by the mode of termination of reciprocating tachycar- 

— dia. Three different modes of spontaneous termination 

v were observed. 

Atrioventricular nodal echo in antidromic 
tachycardia: Two patients (nos. 1 and 2) with anti- 
— dromic reciprocating tachycardia revealed long retro- 
. grade conduction times (VA interval 290 and 250 ms, 
c osapestively) during tachycardia. In both patients exact 
. measurements of retrograde AV nodal conduction time 
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anterograde; AP — accessory pathway; AV = atrioventricular conduction time; AVN = atrio- 
ventricular node; CAP = concealed accessory pathway; CL = cycle length; CMT = circus movement tachycardia; ERP = effective refractory peron 
FRP = functional refractory period; HV = His—ventricular conduction time; LL = 


left lateral; LP = left posterior; max = maximal; ret = retrograde; 


(HA interval) during tachycardia were not possible, 
since retrograde His potentials were obscured in the 
ventricular potentials of the His bundle area, with the 3 a 
exception of the tachycardia-initiating beat (Fig. 1). A 
sudden increase of retrograde conduction time during — 
reciprocating tachycardia, measured by prolongation — 
of the AA interval, led to the appearance of a His po- 
tential before onset of the last tachycardia beat. The — 
QRS complex of this beat was narrower and had a dif- 
ferent morphologic pattern than the previous tachy- - 71 
cardia beats. Additionally, local activation time, mea- — 
sured with respect to the onset of the QRS complex, of. 7 
proximal and distal right ventricle during the last | 
tachycardia beat was shorter than that of the prov l "4 r. 
tachycardia beats. i 
These findings reflect that after a gradual increase — 





in retrograde slow AV nodal pathway conduction, a fast ^ ^ 
AV nodal pathway becomes capable of anterograde — 1 
conduction, leading to anterograde His bundle activa- a 1 


tion. Because of the simultaneous activation of the — 
ventricle by this AV nodal echo beat and the wavefront - 
coming across the accessory pathway, fusion occurs on . à b 
the ventricular level. Tachycardia is terminated and | 
sinus rhythm restored. b 
Change of atrioventricular nodal pathway duri A TE l 
ing antidromic tachycardia: In the 3 other patients 3 
(nos. 3, 4 and 5) with antidromic reciprocating tachy- iom 
cardia, retrograde conduction time (VA interval) during - 
tachycardia averaged 220 ms. Tachycardia termination | EC 
was always preceded by a sudden shortening of retro- 3 
grade conduction time, indicated by a decrease ofthe — 
VA interval to an average of 140 ms. This sudden de- — . 
crease of retrograde AV nodal conduction time led to 
termination of reciprocating tachycardia either on the ^ ; 
atrial level (2 patients; Fig. 2) or, after anterograde — 
conduction through the accessory pathway, on the ~ 4 j 
ventricular level (1 patient). Bundle branch reentry — ^. 
beats were not induced in these patients during atrial | 
or during ventricular pacing. sd E 
'The assumed mechanism for this type of reciprocat- | iz 
ing tachycardia termination is a change of retrograde - vd zt 
conduction from a slowly conducting to a rapidly con- ey p. 
ducting AV nodal pathway, en to either antero- - 
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grade block in the accessory pathway or retrograde 


| . block in the His-Purkinje-AV node axis. 


Intravenous application of atropine invariably en- 
hanced fast retrograde AV nodal pathway conduction, 
resulting in 1:1 ventriculoatrial conduction through the 
fast AV nodal pathway during sustained tachycardia in 
all 3 patients. Ventricular premature beats delivered 
during tachycardia neither advanced atrial activity nor 


changed retrograde atrial activation sequence. 


Atrioventricular nodal echo in orthodromic 


. tachycardia: In the 2 patients with orthodromic re- 
- eiprocating tachycardia (nos. 6 and 7), termination oc- 


curred after a sudden change from short tachycardia 


| cycles to a long cycle. Intracardiac recordings revealed 


that the increase of tachycardia cycle length was due to 


. an increase of anterograde AV nodal conduction time 


(AH interval), followed by simultaneous activation of 


. atria and ventricles (Fig. 3). Cycle length prolongation 


ee, TS 


was accompanied by a change of retrograde atrial acti- 
vation sequence. During tachycardia, earliest atrial 


. activation occurred in the distal coronary sinus, followed 
— by proximal coronary sinus, His area and high right 
. atrium, suggesting conduction across a left laterally 


localized accessory pathway. After cycle length pro- 


- longation and termination of tachycardia, earliest ac- 


tivity occurred in the low right atrium, followed almost 


simultaneously by activation of coronary sinus and high 
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right atrium. This activation sequence suggests retro- 
grade conduction through the AV node. 

The increase in anterograde AV nodal conduction 
time and the change in timing and sequence of retro- 
grade atrial activation after an increase in tachycardia 
cycle length presumably reflects a switch of anterograde 
AV conduction from a fast to a slow AV nodal pathway. 
During reciprocating tachycardia anterograde conduc- 
tion predominantly occurs through the fast AV nodal 
pathway and retrograde conduction through the accessory 
pathway. Sudden conduction block in the fast pathway 
switches anterograde conduction to the slow AV nodal 
pathway, allowing the impulse to reinvade the atria not 
only through the accessory pathway but also through 
the fast AV nodal pathway (AV nodal echo beat). It 
is postulated that simultaneous retrograde activation 
through the accessory pathway and the AV node leads 
to collision of both wavefronts on the atrial level, thereby 
terminating tachycardia and restoring sinus rhythm. 


Follow-up: During a follow-up period of 11 + 4 


months, none of our patients received antiarrhythmic 
treatment, and sustained episodes of tachycardia were 
never documented. 


Discussion 


Spontaneous termination of reciprocating tachy- 
cardia in the presence of accessory AV pathways occurs 
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. FIGURE 1. Patient 1. Delivery of a ventricular premature beat (S2) after 270 ms during right ventricular pacing with a basic cycle length of 510 ms. 
Arrows mark retrograde atrial activation sequence (A4), showing earliest activity during basic pacing (S4S.) in left atrium (LA) (thick arrow), followed 


.. by His bundle area (HIS, thin arrow), indicative of conduction through a left-sided accessory pathway. Following So, atrial activation (A2) occurs 
after the appearence of a retrograde His potential (H2A2 200 ms). Earliest activation now occurs in HIS (thick arrow), followed by left atrium (thin 


.. arrow), indicative of conduction through the AV node. After conduction of A; to the ventricles, 4 tachycardia cycles with a wide QRS complex are 
. initiated. Retrograde atrial activation sequence during tachycardia is the same as after Sz. After an increase in AA interval during tachycardia from 
.. 450 to 490 ms, a His potential (H) appears at the onset of the last tachycardia QRS complex. Note the difference in shape and width of this beat 
_ (170 ms), compared with the 3 previous beats (190 ms). Local activation times of distal (RVd) and proximal right ventricle (RVp), measured from 
. theonsets of the QRS complexes (dashed vertical lines), shorten from 120 to 80 ms and from 110 to 70 ms, respectively. See text for explanation 


of the proposed mechanism. 
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FIGURE 2. Patient 4. Delivery of a premature atrial beat (S2) at 260 ms during right atrial pacing with a basic cycle length of 510 ms. S; initiates 
a tachycardia with a wide QRS complex. Retrograde atrial activation sequence during tachycardia revealed earliest activity in His bundle area (HIS) 
(thick arrow), followed by proximal coronary sinus (CSp), distal coronary sinus (CSd) and high right atrium (HRA) (thin arrows). After first tachycardia 
beat a retrograde His spike can be identified, suggesting retrograde conduction through the AV node. Note the spontaneous change of cycle length 
during tachycardia (250 to 360 ms) as a result of changes of VA interval. Tachycardia is antidromic. Sudden shortening of VA interval from 220 
to 140 ms does not change retrograde atrial activation sequence (arrows on right) and anterograde conduction through the accessory pathway, 
but leads to retrograde block. See text for proposed mechanism. MRA = midright atrium. 
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FIGURE 3. Patient 6. Spontaneous termination of orthodromic reciprocating tachycardia (cycle length 320 ms) after a sudden increase of cycle 
length to 430 ms. This cycle length prolongation is caused by an increase in the AH interval from 130 to 240 ms. Retrograde atrial activation sequence 
during tachycardia shows earliest activity in distal coronary sinus (CSd), followed by proximal coronary sinus (CSp), His bundle area (HIS) and high 
right atrium (HRA). After cycle length prolongation, earliest retrograde activation is observed in HIS, followed almost simultaneously by CSp, CSd 
and HRA. Note altered QRS morphologic pattern (s in Il, r' in V4) in surface leads Il and V, as a result of altered retrograde atrial activation. After 
termination of tachycardia, impure atrial flutter is spontaneously initiated. See text for proposed mechanism. RV = right ventricle. 
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in about 40% of patients undergoing electrophysiologic 
study.!? Usually, the site of block is the accessory 
pathway or the AV node, but occasionally it is the His- 
Purkinje system. Several investigators have suggested 
the coexistence of dual AV nodal pathways and anom- 
alous AV bypass tracts in patients. The electrophysio- 
logic importance of this phenomenon was mainly seen 
in the coexistence of both AV nodal and AV reentrant 
_tachycardia,!*:'4 and in the inducibility and mainte- 
nance of these types of tachycardia.^9 The electro- 
physiologic demonstration of dual AV nodal pathways 
in the presence of an accessory AV connection included 
alternation of tachycardia cycle length and the re- 
cording of discontinuous AV nodal conduction 
‘curves.4515 
. In this study we have shown that the presence of dual 
AV nodal pathways in patients with an accessory AV 
pathway may be diagnosed only indirectly, by the mode 
- of spontaneous termination of reciprocating tachycar- 
dia. Although different modes of tachycardia termina- 
tion were observed, the underlying mechanism was al- 
‘ways a sudden switch between a slowly conducting and 
a rapidly conducting AV nodal pathway, either con- 
-comitant with intranodal reentry or not. It is not known 
- why intranodal conduction changes from one pathway 
to another during reciprocating tachycardia. Changes 
of refractoriness after the onset of and during tachy- 
cardia or a fatigue phenomenon in one pathway may be 
the cause. 
. Instead of intranodal reentry, termination of tachy- 
cardia might also be caused by His extrasystoles. 
However, this mechanism appears to be unlikely 
because, in each patient, the time intervals leading 
to termination were identical in all episodes of 
tachycardia. 
_ The possibility of a second accessory pathway re- 
sponsible for the change in retrograde conduction 
during tachycardia must be considered. Exclusion of 
such a pathway is only possible by indirect criteria. 
After retrograde block had occurred in the proved ac- 
cessory pathway, retrograde conduction to the atria was 
in all patients dependent on the S.H» interval, never on 
the S18» (or V; V2) interval. The S1H» (and consequently 
A1A5) intervals progressively prolonged with gradual 
shortening of S;S». Retrograde atrial activation was 
always preceded by a His deflection before the onset of 
tachycardia. Furthermore, the retrograde atrial acti- 
vation sequence was always in accordance with con- 
duction through the AV node and it never changed, 
neither after the first tachycardia activation sequence 
nor during the following tachycardia beats. In 3 patients 
with sustained tachycardia after administration of at- 
ropine, delivery of ventricular premature beats during 
tachycardia never advanced atrial activity or changed 
retrograde atrial activation sequence. Finally, it appears 
highly unlikely that all patients had a second concealed 
accessory pathway which would have to be located 
septally with decremental conduction properties. 
- In 3 patients without an echo phenomenon, the lack 
of retrograde His potentials during antidromic tachy- 


cardia did not allow us to determine the mechanism of 
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the sudden decrease of retrograde conduction time. 
Retrograde input into the AV node through different 
parts of the bundle branch system may cause cycle 
length variations in antidromic reciprocating tachy- 
cardia.'© However, in our patients, no form of bundle 
branch reentry could be induced, neither during atrial 
nor during ventricular stimulation; moreover, atropine, 
which is known to have a greater influence on nodal 
than on subnodal tissue, changed the characteristics of 
the induced arrhythmia.!? 

The high percentage of antidromic reciprocating 
tachycardia found in our patients is unusual. We do not 
know whether patients with antidromic reciprocating 
tachycardia have electrophysiologically functioning 
dual AV nodal pathways more often than patients with 
orthodromic reciprocating tachycardia or whether the 
anterograde or retrograde conduction characteristics 
of the AV node are different in these patients. 

The early spontaneous termination of reciprocating 
tachycardia in patients with an accessory pathway 
owing to interaction of dual AV nodal pathways, as 
proposed in this study, may indicate that these patients 
have clinically less symptomatic arrhythmias than pa- 
tients without dual AV nodal pathways. 


Acknowledgment: We are indebted to Monika Hoch for 
technical assistance. 
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Elücirodhysiologic Evaluation of the Antiarrhythmic Effects 
of N-Acetylprocainamide for Ventricular Tachycardia 
Secondary to Coronary Artery Disease 


JONATHAN WYNN, MD, DENNIS S. MIURA, MD, VILMA TORRES, MD, 
DAVID FLOWERS, MD, DEBORAH KEEFE, MD, SHARON WILLIAMS, PA, 
and JOHN C. SOMBERG, MD 





Antiarrhythmic properties of N-acetylprocainamide 
(NAPA), an active metabolite of procainamide, were 
studied in 12 patients with coronary artery disease 
who presented with cardiac arrest or documented 
sustained ventricular tachycardia (VT). Programmed 
electrical stimulation (PES) studies were performed 
in 10 men and 2 women, aged 52 to 80 years (mean 
63), who had a left ventricular ejection fraction of 
16 to 69% (mean 33). All patients tested had in- 
ducible VT provoked by PES without antiarrhythmic 
therapy. Patients were then tested with procain- 
amide, 1,000 mg administered intravenously. VT 
could be provoked after procainamide treatment in 
8 of 10 patients. Twenty-four to 36 hours later NAPA 
was administered, 18 mg/kg body weight intrave- 
nously, and PES was performed after 20 minutes. 
NAPA did not significantly change heart rate, mean 
arterial blood pressure, electrocardiographic in- 





N-acetylprocainamide (NAPA), the N-acetylated me- 
. tabolite of procainamide, has been shown to have 
antiarrhythmic properties in humans and in isolated 
tissue preparations.!4 Some studies reported that 
NAPA has antiarrhythmic properties similar to those 
of procainamide.»7 However, the electrophysiologic 
properties of NAPA in isolated Purkinje fiber prepa- 
rations are different from those of its parent compound, 
procainamide, in that it neither suppresses automaticity 
because of phase 4 depolarization nor depresses action 
potential amplitude or maximal upstroke velocity.? 

NAPA apparently exerts its antiarrhythmic effects 
through prolongation of the action potential duration 
and the effective refractory period.?!? NAPA has an 
advantage over the parent compound by having a longer 
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tervals and AH or HV conduction times. The QT in- 
terval lengthened, but not significantly. The mean - 
serum NAPA levels were 15.7 + 4 «g/ml in then 5 E 
group protected by NAPA and 16.2 + 4 ug/ml inthe — 
group not protected by NAPA. Five patients were 
discharged with NAPA therapy, 1.5 g orally every — 3 
8 hours. Two patients have been maintained with — : 
chronic NAPA therapy (10 + 3 months), and2pa- 
tients had breakthrough VT on follow-up Holter  . 
monitoring and alternative therapy was given. One — e 
patient died while taking oral therapy. NAPA dem-  . 
onstrates antiarrhythmic efficacy in preventing in- 
duction of VT by PES in a high-risk group of patients. - 5 j 
During chronic oral therapy in some patients, NAPA - 
appears to be well tolerated, with antiarrhythmic . 3 um 
efficacy that may be enhanced with further upward 
dose titration. 











(Am J Cardiol 1985;56:877- 881) 
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elimination half-life of approximately 10 hours, and 
a substantially lower incidence of the drug- induced - 
lupus-like syndrome.!?!? Earlier clinical studies de- — 
scribed antiarrhythmic properties of NAPA during - 
chronic oral dosing in humans, 14-18 but did not deal with - j 
its efficacy in the electrophysiology laboratory during 
acute intravenous administration and programmed "n 
electrical stimulation (PES). E 
To determine the effectiveness of NAPA in pre- - P 
venting induction of ventricular tachycardia (VT) by - Ae 
PES, we studied patients who presented with cardi- — 
ac arrest or a history of sustained VT. If NAPA was E 
found to be effective at PES testing, patients were treated 
with NAPA to assess its efficacy during long-term  - 
therapy. S. 


a 





Methods 4 


Twelve patients (10 men, 2 women) with a history of cardiac — 
arrest and 2 with sustained VT were evaluated using elec- . aa 
trophysiologic methods to determine antiarrhythmic therapy. —— 
All antiarrhythmic drugs, calcium antagonists and B blockers — | 
were discontinued for 5 half-lives before the initiation of the | 
study. Therapy with nitrates and diuretic drugs was continued — . 
for the treatment of angina and symptoms of congestive heart E 
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TABLE! Characteristics of the Patient Group with 


Coronary Artery Disease 

Age EF NYHA Presenting 

Pt (yr) (%) Class Arrhythmia 
L.S. 53 15 IV CA 
W.A. 72 T$ d CA 
C.V. 62 28 I CA 
R.S. 57 43 Il VT 
S.A. 65 20 IV CA 
D.S. 66 69 ll CA 
LP. 80 oe | CA 
J.B. 58 50 II CA 
L.D. 78 40 Hl VT 
L.V. 52 42 ll CA 
J.C. 64 16 I CA 
L.C. 65 20 I CA 


. CA = cardiac arrest; EF = ejection fraction; NYHA = New York Heart 
Association; VT = sustained ventricular tachycardia (>30 sec); ... = 


. technically inadequate study. 


: failure. Baseline electrocardiogram, chest x-ray, urinalysis, 


and hematologic and chemistry profiles were also obtained. 
Informed consent was obtained before each study. The con- 


- sent form and protocol were approved by the Committee 
— on Clinical Investigation at the Albert Einstein College of 
. Medicine. 


Drug infusion protocol: Baseline heart rate, blood pres- 


- sure, PR interval, QRS, QT duration, sinus node recovery 


times, atrial-His and His-ventricular conduction times were 


. recorded. The patients then received an intravenous infusion 
_ of NAPA at a dose of 18 mg/kg body weight over 20 minutes. 
- Electrophysiologic evaluations were done at the end of 20 


D 


- minutes of the infusion. All baseline variables were repeated 


and the patients then underwent serial drug testing with the 


— PES protocol as outlined later. 


During all PES studies, before and after drug administra- 


. tion, surface electrocardiographic leads I, II, a VF and V5 were 
. continuously monitored and printed on 8-channel paper using 
. a Siemens Elema mingograph. 


Chronic drug therapy: The patients who were protected 
with NAPA were then given oral therapy, 1.5 g every 8 hours. 
They were then followed up every month with monitoring of 
NAPA serum levels, hematologic and chemistry profiles, 


- electrocardiography, urinalysis and Holter electrocardio- 


graphic monitoring. 
Programmed electrical stimulation protocol: After the 


_ patients gave informed consent, PES was performed using a 


hexapolar catheter introduced transvenously in the apex of 
the right ventricle. For patients in whom V'T could not be 


- induced from the right ventricular apex, the catheter was re- 
- positioned in the right ventricular outflow tract. A digital 
_ stimulator (Bloom Associates) was used to deliver rectangular 


. electrical impulses 2 ms in duration with amplitude set at 


- twice diastolic threshold. The right ventricle was driven with 


a pacing train of 6 beats at a cycle length of 500 ms with an 


. intertrain interval of 8 seconds. 


Single premature ventricular stimuli (S2) were introduced 


 inlate electrical diastole, starting at 500 ms from the end of 
. the pacing train and progressively introduced earlier by 10 ms 
. decrements. The shortest interval at which S» failed to evoke 
. a depolarization was termed the effective refractory period. 
"The stimulus was brought out 10 ms further from the first 
- stimulus refractory period, and a second extra stimulus was 
introduced at 500 ms from this last stimulus. This pro- 


grammed introduction of premature stimulus was performed 


. until VT (more than 10 beats) was obtained or until 3 pre- 
mature stimuli were introduced. 
Nonsustained VT was defined as VT of more than 10 beats - 

. terminating spontaneously, and sustained VT was defined as — 
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VT lasting 30 seconds or requiring either pacing techniques 
or cardioversion to terminate the tachycardia. Patients who 
had VT provoked by 3 stimuli while not taking antiarrhythmic 
agents were evaluated by 4 stimuli while taking antiarrhyth- 
mic therapy. To be protected by a drug, 4 stimuli could not 
provoke VT in these patients. 

Serum N-acetylprocainamide determination: Analysis 
of serum NAPA levels were performed by an independent 
drug laboratory at the clinical pharmacology section of the 
Northwestern University School of Medicine using a high- 
pressure liquid gas chromatographic technique with a sensi- 
tivity of 1 ug/ml. 

Statistical analysis: Data are expressed as mean + stan- 
dard error of the mean. Differences between the means were 
determined by the Student t test and for multiple compari- 
sons, an analysis of variance was used. A 2-tailed test was used 
to determine the level of significance. The JT interval was 
calculated as the QT interval minus the QRS duration. The 
percent change of the J'T interval and the effective refrac- 
tory period of the first extrastimulus (So) were compared 
using linear regression and a Z transform to determine 
significance. 


Results 


The study population consisted of 12 patients (10 
men, 2 women) average age 63 + 2 years (Table I). The 
presenting problem was a cardiac arrest in 10 patients 
(83%) and sustained VT in 2 (17%). Before electro- 
physiologic evaluation, the patients had poor clinical 
results with an average of 2 drugs (breakthrough VT or 
development of toxic side effects). The mean left ven- 
tricular ejection fraction for the patient group was 33 
+ 6%. At the time electrophysiologic studies were per- 
formed, 1 patient was in New York Heart Association 
functional class I, 5 were in class II, 4 were in class III 
and 2 were in class IV. 

Electrophysiologic studies: The PES studies were 
performed in patients whose antiarrhythmic medica- 
tions were discontinued for at least 5 half-lives. All pa- 
tients who were entered into the study had inducible VT 
by PES techniques (Fig. 1). Eight patients (67%) had 
nonsustained VT induced (12 to 30 seconds of VT), and 
4 patients (33%) had sustained VT induced, which was 
terminated with direct current countershock in 2 pa- 
tients (17%) and pacing techniques in 2 (17%). The 
mean rate of VT during the control run was 278 + 9 
beat/min. If nonsustained VT developed, we did not 
continue to provoke sustained VT but accepted the 
nonsustained VT as an index of electrical instability and 
proceeded to acute antiarrhythmic drug testing. 

Results of drug testing: After intravenous infusion 
of NAPA, mean arterial blood pressure, heart rate, PR 
interval, QRS duration, QTc, AH and HV intervals did 
not change significantly. After NAPA was given, VT was 
no longer inducible in 5 patients (42%). VT was induced 
in 7 patients (58%) at a slower mean rate of 220 beats/ 
min (p «0.05) after administration of NAPA. The ef- 
fective refractory period was prolonged significantly for 
the first extrastimulus, from 238 + 5 to 291 + 13 ms (p 
<0.01). The mean serum NAPA level in the “protected” 
group was 15.7 + 4 ug/ml and the mean NAPA level in 
the patients with inducible VT was 16.2 + 4 ug/ml. Five 
of the 7 patients (71%) who were not protected at PES 
with NAPA required experimental agents to control 


their VT. The patients who were not protected by 
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TABLE II Effects of Intravenous N-Acetylprocainamide (NAPA) on Electrocardiographic á m 
Intervals and Ventricular Refractoriness in Relation to the Effects of the Drug E 
on the Inducibility of Ventricular Tachycardia JM 
HR PR QRS QTc ERPS,' ERP Sg! RAE 

(beats/min) (ms) (ms) (m) (ms) (ms) ak) 28 

Control 79 5 1798 94 0 8 429 + 15 235 +5 197 + 4 ee 
NAPA (18 mg/kg i.v.) . Pa 
Protected 84 t7 17049 108 + 20 460 + 22 298+ 13! 273+ 211 a 
Inducible 7x5 188 +9 103 X 9 467 + 10 277 4105 278+ 52+ A 
* ERP S; = effective refractory period of the first extra stimulus. me 

t ERP S, = effective refractory period of the second extra stimulus. — WM 

t ERP significantly different from control values (p <0.05). E 
HR = heart rate. E. 


'The clinical electrophysiologic profile of NAPA did Procainamide and N-acetylprocainamide com- E. 

not show a prolongation in conduction as measured by parative results: Ten patients were tested in the — 

— the HV interval or the QRS duration (Table II). The electrophysiology laboratory with procainamide and — 
-ventricular refractory period was measured by the ex- NAPA. The other 3 patients had poor clinical results — "s 
- irastimulus technique and repolarization was deter- with procainamide; 2 had breakthrough VT and 1 pa- — V 


NAPA were discharged taking the following agents: drug-free state in refractoriness was plotted on the or- x d. 


lorcainide (1 patient), amiodarone (2 patients) and dinate and the percent change in the JT interval plotted - 3 


quinidine, ethmozine, pirmenol and procainamide (1 on the abscissa (Fig. 2). This relation was examined in - 


patient each). 


af 


patients that were protected at PES studies and those — *" ^ 


Three additional patients with a history of cardiac not protected by NAPA. A linear relation was found (ro 


arrest and a cardiomyopathy without CAD were stud- = 0.95) for the group in which NAPA prevented VT E 
ied. All 3 had VT provokable without antiarrhythmic induction but not for the group in which NAPA had no 
therapy; 1 was protected with NAPA, and is alive and effect on VT inducibility (r = —0.26). The 2 groups were — 





well after 10 months of oral therapy. significantly different (p <0.005). al 


mined by measurement of the JT interval. The mean tient showed toxic side effects. Eight of the 10 patients _ 
_JT increased from 266 + 12 to 297 + 10 ms (p «0.05). who were tested with procainamide had inducible VT- 
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To determine the relative effects of NAPA on refrac- at PES. The 2 patients found to be protected with E 4 
toriness and repolarization, the percent change from the procainamide had inducible VT with NAPA (Fig. D. d 


FIGURE 1. Differential ef- 


fects of N-acetylprocaina- 


- mide and procainamide on 
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electrophysiologic testing. 


Electrophysiologic studies 
were initially performed 
without antiarrhythmic ther- 
apy with induction of ven- 
tricular tachycardia (VT) 
(top) followed by acute drug 
testing. Procainamide (1,000 
mg administered intrave- 
nously (IV)) failed to prevent 
induction of VT (middle). 
After 30 hours of drug 
washout, N-acetylprocaina- 
mide was administered in- 
travenously (18 mg/kg) and 
VT could not be induced at 
electrophysiologic testing 
(bottom) despite the intro- 
duction of 4 premature 
stimuli. 
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d: TABLE Ill Serum Concentrations of N-Acetylprocainamide (NAPA) and Procainamide 
ft Relative to Their Effects on Induction of Ventricular Tachycardia and During 
Me Chronic Therapy with NAPA 

E 

» Procainamide NAPA 
5h at PES* at PES NAPA (1.5 g tid) 
E Pt (ug/ml) (18 mg/kg) Chronic Therapy 
A Patients Protected 

R.S 0.10 14 (ug/ml) 37 (ug/ml) 
3 W.A. 0.17 19 38 
S.A. 0.40 16 Deceased 

" C.V. 0.20 17 121 

pes L.S. 0.15 8 11t 
Ms Patients with Inducible Ventricular Tachycardia 
BY L.C. 0.5 18 
gf J.B. «1 18 

m J.C. ND 20 

N E.H. ND 19 

PR R.K. 0.2 11 

" L.P. ND 18 

E D.S. ND 15 

E * Concentration of procainamide when only NAPA was given (measurement of deacytalation). 
D * Patients with breakthrough arrhythmias. 


ND = not detectable; PES = programmed electrical stimulation; tid = 3 times daily. 


- The mean procainamide level in the group protected 
- with procainamide was 7.7 + 1 ug/ml and the level in the 
. nonprotected group was 9.2 + 3 ug/ml (Table III). Six 
_ patients were protected with NAPA and 3 were tested 
_ with procainamide; in all 3, VT could be induced using 
_ PES techniques. There was no correlation between ef- 
_ fective refractory period and JT interval for either the 
. protected, nonprotected or combined groups receiving 
_ procainamide. 

—. Long-term experience: Five patients (with coronary 
. artery disease) were discharged from the hospital re- 
. ceiving oral NAPA. Three patients are doing well, with 
. no VT on Holter monitoring, after 10 + 3 months of 
- follow-up. These patients have a mean NAPA level of 
PS 





% AJT 


_ FIGURE 2. The correlation between changes in the JT interval (% AJT) 
_ and those in the effective refractory period (% AERP) relative to the 
. effects of intravenous N-acetylprocainamide (NAPA) on the inducibility 
_ Of ventricular tachycardia in patients with life-threatening ventricular 
. tachyarrhythmias: The percent change in the JT interval after NAPA 
. administration is calculated for each patient and plotted on the abscissa 
. while the percent change in the effective refractory period (ERP S;) after 
_ NAPA is plotted on the ordinate. In the group protected by NAPA (x—x), 
__a linear correlation is seen between changes in JT and ERP (r = 0.95), 
-whereas in the group in which ventricular tachycardia could still be 
induced (6), no correlation was seen between the changes in ERP and 
_ JT (r = —0.26). The relation of ERP and JT in the protected group are 
_ Significantly different from that in the group in whom ventricular tachy- 
. Cardia could still be provoked (p <0.005) after NAPA administration. 
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32 + 12 ug/ml. One of 5 patients was discharged from 
the hospital by his primary physician before NAPA 
serum levels could be determined. The patient died 2 
days later. The cause of death and compliance with the 
oral NAPA protocol remain unknown. Two of the re- 
maining 5 patients who were taking NAPA had break- 
through nonsustained V'T on Holter monitoring, NAPA 
therapy was discontinued. Antiarrhythmic efficacy may 
have been enhanced with further upward dose titration. 
The adverse effects with NAPA therapy were minor and 
included nausea and dizziness. These effects have di- 
minished with continuation of drug therapy. 


Discussion 
PES techniques in our laboratory found NAPA to be 


an effective antiarrhythmic agent in a drug-resistant: 


group. This group was at high risk of sudden death 
owing to ventricular tachyarrhythmias in the setting of 
impaired ventricular function; only 2 of the 12 had re- 
sponded to procainamide therapy. Thus, this group 
could be considered a drug-resistant population, and 
the 40% efficacy of intravenous NAPA is impressive. 
NAPA appeared to have an effect on the measured 
clinical electrophysiologic variables as might be ex- 
pected from the results of cellular electrophysiologic 
studies.»-1? Unlike the membrane-active “quinidine- 
like” or class Ia agents, NAPA did not prolong the QRS 
duration or the His-Purkinje conduction time as 
measured by the HV interval. NAPA did, however 
significantly prolong the JT interval, a measure of 
repolarization and voltage-dependent myocardial 
refractoriness determined by the extrastimulus tech- 
nique. A comparison of the change in JT interval and 
effective refractory period Ss showed a linear correlation 
for the protected group, but not for the nonprotected 
group. This correlation of JT interval and effective re- 
fractory period may represent an insight into the anti- 
arrhythmic mechanism of NAPA and, possibly, other 
type III agents. In fact, studies in humans and dogs with 
bepridil, a calcium-blocking agent that prolongs the QT 
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interval, showed a similar relation, whereas quinidine 
failed to show this type of relation.!??? Prolonging 
repolarization may increase myocardial electrical ho- 
mogeneity so that a stimulus causing focal reexcitation 
falls on a myocardium uniformly still refractory to 
stimulation. The heterogeneity of myocardial refrac- 
toriness caused by ischemic heart disease or myopathy 
may set the stage for a reentrant tachycardia. A non- 
uniform prolongation in repolarization may favor the 
development of ventricular tachyarrhythmias.?! Uni- 
form prolongation of repolarization would prolong 
refractoriness and may thus prevent reentrant tachy- 
cardias. The current study suggests that when refrac- 
toriness and repolarization are effected in concert, 
NAPA is effective in preventing VT induction. 

Our results with chronic oral therapy show the need 
for oral dose titration. In 1 patient, (who died suddenly 
and had been in New York Heart Association functional 
class IV), we could not provide predischarge counseling 
with respect to drug dosage or determine the adequacy 
of therapeutic NAPA levels. The 2 other patients with 
nonsustained VT on Holter monitoring, in retrospect, 
had NAPA levels that may have permitted higher drug 
dosages to be administered. One patient with VT had 
an NAPA level during chronic therapy slightly lower 
than that after intravenous drug administration, pre- 
venting VT induction; the other patient with break- 
through VT had a NAPA level slightly higher than that 
found at the PES study. Whether a direct relation exists 
between the effects of intravenous NAPA preventing 
VT induction and long-term clinical outcome with 
chronic drug therapy, could not be established in the 
present study because of the limited study population. 
The results do suggest promise and indicate the need for 
further study using higher oral NAPA doses with cor- 
respondingly higher chronic serum concentrations. 

Atkinson et al!” found that oral NAPA causes a sig- 
nificant reduction in frequency of ventricular premature 
complexes (VPCs) in 9 of 10 patients, with 1 patient 
showing an increase in frequency of ectopic rhythm. 
Long-term follow-up of these patients shows a 70% re- 
duction in mean VPC frequency. Also, when the NAPA 
levels were subtherapeutic, there was an increase in 
VPC frequency. Kluger et al!^!6 found that NAPA was 
effective, with acute intravenous administration causing 
a 70% reduction in VPCs. However, over a 12-month 
period, 8 of 20 patients withdrew from the study because 
of recurrent arrhythmias or death. Only 6 of the initial 
29 patients had a persistent 70% reduction in VPC fre- 
quency. NAPA levels were not reported in the chronic 
phase of this study, and it is not clear if the patients with 
breakthrough arrhythmias had subtherapeutic or ele- 
vated levels of NAPA. Winkle et al! studied 11 patients 
receiving oral therapy and found that only 2 could 
achieve a 90% reduction in VPC frequency with NAPA. 
Lowering the criteria of drug efficacy to a 70% reduction 
in VPC frequency did not alter these findings. Our data 
in patients with life-threatening arrhythmias suggest 
that NAPA is effective in preventing VT induction at 
acute drug testing and may prevent spontaneous ar- 
rhythmias in selected patients. 

NAPA has several potential advantages over pro- 

nide i in terms of adverse effects. Unlike the parent 
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compound, procainamide, NAPA is not prone to induce 
the lupus syndrome or other immunologically mediated 


adverse effects.?? In addition, NAPA has been reported : E 


to either augment contractility?? or to have no signifi- 
cant depressant effect on cardiac function in patients 
undergoing diagnostic catheterization for ischemic heart 
disease (Josephson MA and Singh BN, personal com- 
munication). 'This finding is in contrast to the negative 
inotropic action of most antiarrhythmic agents. 
NAPA appears to possess a low adverse reaction 
profile and to be effective in preventing VT induction 


at acute drug testing using PES techniques. Chronic — č 


oral administration of NAPA must be followed with 
serum level determinations and Holter monitoring. 


Increased oral dosing may be indicated because the ef- A 
fective chronic NAPA levels appear to be higher than — 


previously believed and better tolerated. 
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For years, many physicians have 
recognized the value of measuring 
plasma catecholamine levels as a 
diagnostic aid in identifying pheochromo- 
cytoma. But recent research suggests additional 
indications for the assay which are of particular 
interest to cardiologists. Specifically, recent literature 
suggests that the plasma catecholamine assay may 
provide useful information with regard to essential 
hypertension and congestive heart failure. 


Here is what some of your colleagues are saying: 


“Our results and those of others suggest that measurement of 
venous plasma norepinephrine provides information that is useful 
not only in guiding therapy, but also in evaluating the contribution 
of the sympathetic nervous system in the maintenance of elevated 
arterial pressure in patients with primary hypertension.” 


“In the proper setting, a venous blood sample for measurement of 
plasma norepinephrine may provide a simple and remarkably 
effective guide to prognosis in heart failure. We already utilize this 
measurement in our laboratory to help decide about the need for 
more agressive medical therapy and/or heart transplantation.”? 


And, of course, with regard to pheochromocytoma, assay of plasma 
catecholamines remains a preferred diagnostic aid: 


“The diagnosis of pheochromocytoma—a tumor of the adrenal 
medulla—is suspected clinically and confirmed. . . by the plasma 
catecholamine measurement.’ 


“Studies indicate that diminished NE release underlies the 
development of postural hypotension in disorders affecting the 
autonomic nervous system. In such disorders, plasma 
catecholamine measurement may help in localizing the defect.” 


For more information, reprints, or a list of laboratories in your area that 

offer plasma catecholamine assays, call or write Upjohn Diagnostics, 

Kalamazoo, MI 49001 (616) 385-7111. 
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Electropharmacologic Testing in Sustained Ventricular 


Tachycardia Associated with Coronary Heart Disease: 
Value of the Response to Intravenous Procainamide 
in Predicting the Response to Oral Procainamide 
and Oral Quinidine Treatment 


DANIEL S. OSERAN, MD, ELI S. GANG, MD, MARK E. ROSENTHAL, MD, 
WILLIAM J. MANDEL, MD, and THOMAS PETER, MD 





Twenty patients with inducible, sustained ventricular 
tachycardia (VT) were prospectively evaluated to 
determine whether the response to intravenous 
procainamide administration, as assessed by pro- 
grammed ventricular stimulation, predicted the re- 
sponse to oral procainamide and oral quinidine 
treatment. Six patients (3096) responded to intra- 
venous procainamide (fewer than 10 beats of in- 
ducible VT). Ten of 20 patients (5096) responded 
to oral quinidine and 5 (25%) responded to oral 
procainamide. Mean drug serum levels were 11.3 
+ 2.1 ug/ml for intravenous procainamide, 5.4 + 0.8 
ug/ml for oral quinidine and 11.7 + 3.4 g/ml for 
oral procainamide. There was no significant differ- 
ence in serum levels between those who responded 


and those who did not. Fifteen patients (75 % ) had 
a concordant drug response for intravenous and oral 


procainamide. Ten patients (50 % ) had a concordant. 


response for intravenous procainamide and oral 
quinidine. Fifteen patients (75 % ) had a concordant 
drug response for oral procainamide and oral quin- 
idine. Thus, in patients with sustained VT, the re- 
sponse to intravenous procainamide does not reli- 
ably predict the response to oral quinidine or oral 
procainamide, and serial day drug testing with these 
agents is necessary. Furthermore, high-dose quin- 
idine therapy may be more effective in controlling 
VT in these patients than procainamide. 


(Am J Cardiol 1985;56:883-886) 





Serial electrophysiologic testing has been proposed as 
a means of selecting effective antiarrhythmic drug 
therapy in patients with ventricular tachycardia 
(VT). This approach is based on the premise that the 
acute or subacute response to antiarrhythmic agents, 
as assessed by programmed ventricular stimulation, is 
predictive of the long-term clinical response to that 
agent. Some investigators suggest that the response to 
intravenous procainamide at the time of initial testing 
is predictive of the response to other antiarrhythmic 
agents.°-’ The purpose of this study was to determine, 
in a prospective fashion, if the response to intravenous 
procainamide at the time of electrophysiologic study 
predicted the subsequent response to oral procainamide 
and oral quinidine in patients with sustained VT. 
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Methods 


Patients: The study group consisted of 20 patients (17 men, 
3 women), aged 30 to 77 years. All 20 patients had coronary 
heart disease. 

All patients had inducible sustained VT at the time of 
electrophysiologic study. The referring diagnosis was recur- 


rent sustained VT in 7 patients, sudden cardiac death in 7, and. 


unexplained syncope in 6. Patients with a history of an adverse 


reaction to procainamide or quinidine were excluded. Three — 
other patients could not complete the study because of side — 


effects from quinidine treatment. 


Electrophysiologic study protocol: Studies were per- . 


formed in the postabsorptive state after the patient gave in- 


formed consent. All antiarrhythmic agents had been stopped _ 


for at least 5 half-lives before testing. Electrode catheters were 
inserted percutaneously and were positioned under fluo- 
roscopic guidance in the high right atrium, right ventricular 
apex and His bundle position. Intracardiac recordings were 
filtered at 30 to 500 Hz and displayed simultaneously with 3 
surface electrocardiographic leads (I, aVF and V4) on a mul- 
tichannel oscilloscope (Electronics for Medicine, VR-12). 
Stimulation was performed using a programmable stimulator 
(Bloom Associates) that delivered rectangular impulses 2 ms 
in duration. Programmed ventricular stimulation included 
the introduction of 1, 2 and 3 ventricular extrastimuli from 
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TABLE! Results of Programmed Ventricular Stimulation 








Intravenous Procainamide 





PA NAPA Response to PA 

Pt (ug/ml) (ug/ml) PVS (no. of beats) (ug/ml) 
1 9.8 1.5 VT-S 7.3 
2 9.9 1.0 VT-S 10.9 
3 8.7 2.2 NI 9.7 
4 13.2 1.8 VT-NS (20) 15.2 
5 13.7 1.6 VT-S 9.6 
6 9.2 1.6 VT-S 15.2 
7 10.8 1.9 VT-S 13.0 
8 10.5 1.1 NI 9.1 
9 11.0 1.1 VT-NS (11) 11.0 
10 13.5 1.2 VT-S L4 
11 16.3 1.4 VT-S 7.6 
12 8.7 1.1 VT-S 20.4 
13 9.3 1.2 NI 17.6 
14 10.7 1.9 VT-NS (17) 11.5 
15 10.8 1.3 -S 15.4 
16 10.0 1.2 VT-NS (8) 9.1 
17 9.8 1.9 VT-S 8.8 
18 13.8 T VT-S 13.6 
19 12.9 1.1 NI 11.9 
20 12.5 1.4 NI 10.0 
Mean 11.3 1.4 11.7 
+ SD ELA +0.3 +3.4 


NAPA = N-acetylprocainamide; NI = no inducible ventricular tachycardia; PA = procainamide; PVS = program 


Oral Procainamide Oral Quinidine 
NAPA Response to Q Response to 
(ug/ml) PVS (no. of beats) (ug/ml) PVS (no. of beats) 

5.4 VT-S 4.2 VT-S 
5.7 VT-S 4.9 VT-S 
6.3 NI 4.9 NI 

11.1 VT-S 6.6 VT-S 
9.5 VT-S 7.5 VT-S 
8.2 VT-NS (8) 4.9 NI 
4.1 VT-S 6.1 VT-S 
4.1 NI 5.4 NI 
4.6 NI 4.7 NI 

10.3 VT-S 5.8 NI 
8.5 VT-NS (21) 5.1 VT-S 
6.2 VT-S 5.0 VT-S 
7.6 NI 4.5 NI 

14.5 VT-NS (31) 5.2 VT-NS (8) 
5.6 VT-S 6.5 NI 
3.7 VT-S 4.4 VT-S 
4.2 VT-S 6.3 NI 

10.1 VT-S 5.6 NI 
5.2 VT-S 5.3 VT-S 
6.2 VT-NS (16) 5.2 VT-S 
7.1 5.4 

+2.9 +0.8 
med ventricular stimulation; 


^ Q = quinidine; SD = standard deviation; VT-NS = nonsustained ventricular tachycardia; VT-S = sustained VT. 


2 right ventricular sites, at 2 paced cycle lengths, at 2 and 5 


times diastolic threshold. Rapid ventricular burst pacing was 
also performed for 8 to 10 beats at cycle lengths of 60 to 250 
ms in 50-ms decrements. The endpoint of stimulation was the 
induction of sustained ventricular arrhythmias (see defini- 
tions) or ventricular refractoriness. 

Intravenous procainamide: After documentation of 
reproducibly inducible sustained VT, all patients received 


. intravenous procainamide in a dose of 10 to 15 mg/kg at a rate 


of 30 to 50 mg/min. The mean dose of procainamide admin- 


- istered was 1,290 + 300 mg (range 850 to 1,800). After the 
infusion was completed, repeat ventricular stimulation was 


performed using the protocol described herein. Again, stim- 


. ulation was continued until VT was induced or ventricular 


refractoriness was reached. When the study was completed 
a serum sample was taken to measure procainamide and N- 


. acetylprocainamide levels using a fluorescein polarization 


immunoassay.? 
Oral procainamide and oral quinidine: After completion 
of the initial study, patients were randomly assigned to receive 


. either oral procainamide or oral quinidine sulfate treatment 
. with repeat ventricular stimulation after achieving therapeutic 
. serum levels. All patients received both drugs in a sequential 
. manner. The mean procainamide dose was 6.4 + 1.7 g/day 


(range 3.0 to 9.0). The mean quinidine dose was 2.8 + 0.4 g/day 


_ (range 2.4 to 3.6). Both drugs were administered for 48 to 96 
. hours, at which time repeat programmed ventricular stimu- 
. lation was performed using the same stimulation protocol that 


was used in the initial study. Serum samples were obtained 


- before programmed ventricular stimulation to document 


therapeutic levels, and at the completion of each study, for 


. procainamide and quinidine levels, respectively, using a flu- 


orescein polarization immunoassay.? 

Definitions: Sustained VT—VT more than 30 seconds in 
duration or that required termination because of hemody- 
namic collapse. Nonsustained VT—VT longer than 6 beats 
that terminated spontaneously within 30 seconds. Inducible 
VT—VT induced at least twice during programmed ven- 
tricular stimulation. Positive drug response—inability to 
induce more than 10 beats of VT after administration of 


procainamide or quinidine.’ Negative drug response—ability 
to induce more than 10 beats of VT after administration of 
procainamide. 

Statistics: Statistical analysis was performed using Fisher’s 
exact test, and Students ¢ test for paired and unpaired data. 
A p value <0.05 was considered statistically significant. 


Results 


Response to antiarrhythmic agents: The results 
of programmed ventricular stimulation after drug ad- 
ministration are summarized in Table I. Six of 20 pa- 
tients (30%) had a positive drug response (i.e., induction 
of less than 10 beats of VT) after administration of in- 
travenous procainamide. Three other patients had in- 
ducible nonsustained VT longer than 10 beats. Eleven 
patients (55%) continued to have inducible sustained 
VT after intravenous procainamide. Five patients (25%) 
had a positive drug response to oral procainamide. 
Three patients had inducible nonsustained VT longer 
than 10 beats, whereas 12 patients (60%) continued to 
have inducible sustained VT. 

Ten patients (50%) had a positive drug response to 
oral quinidine. Ten patients (50%) continued to have 
inducible sustained VT after oral quinidine therapy. 

Antiarrhythmic drug concentrations: The mean 
procainamide concentration after the administration 
of intravenous procainamide was 11.3 + 2.1 ug/ml, and 
11.7 + 3.5 ug/dl after oral therapy. The mean quinidine 
concentration after the oral administration of quinidine 
was 5.4 + 0.8 ug/ml. The mean procainamide concen- 
tration after intravenous procainamide was 10.7 + 1.7 
ug/ml in patients with a positive drug response and 11.5 
+ 2.2 ug/ml in patients with a negative drug response 
(difference not significant [NS]). The mean procain- 
amide level after oral administration of the drug was 
12.5 + 3.7 ug/ml in patients with a positive drug re- 
sponse and 11.1 + 3.4 ug/ml in patients with a negative 
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drug response (NS). The mean quinidine concentration 
after oral quinidine therapy was 5.4 + 0.7 ug/ml in pa- 
tients with a positive drug response and 5.4 + 1.0 ug/ml 
in patients with a negative drug response (NS). 

Concordance of drug response: Figure 1 illustrates 
the concordance of drug response as assessed by pro- 
grammed ventricular stimulation. Of the 6 patients with 
a positive drug response to intravenous procainamide, 
3 had a positive drug response to oral procainamide and 
3 had a negative response. Of the 14 patients with a 
negative drug response to intravenous procainamide, 
2 had a positive response to oral procainamide and 12 
had a negative response. Thus, 15 patients (7596) had 
a concordant drug response for intravenous and oral 
procainamide and 5 (25%) had a discordant response. 
Of the 6 patients with a positive drug response to in- 
travenous procainamide, 3 had a positive response to 
oral quinidine and 3 had a negative response. Seven of 
the 14 patients with a negative drug response to intra- 
venous procainamide had a positive response to oral 
quinidine and 7 had a negative response. Thus, 10 pa- 
tients (5096) had a concordant drug response for intra- 
venous procainamide and oral quinidine. Of the 5 
patients with a positive drug response to oral pro- 
cainamide, all 5 had a positive response to oral quini- 
dine. Of the 15 patients with a negative drug response 
to oral procainamide, 5 had a positive response 
to oral quinidine and 10 had a negative response. Thus, 
15 patients (7596) had a concordant drug response for 
oral procainamide and oral quinidine and 5 patients 
(25%) had a discordant drug response. 


Discussion 


We have evaluated the ability of intravenous pro- 
cainamide to predict the efficacy of both oral procain- 
amide and oral quinidine in the treatment of patients 
with sustained VT. The efficacy of intravenous and oral 
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procainamide was 30% and 25%, respectively. This tati 
of positive drug response with procainamide is simi- - 
lar to that reported by other investigators.!ó!! The  . 
mean serum procainamide levels were 11 to 12 ug/ml 
and represent realistic target serum levels for such © : 
patients. X: 

The rate of positive drug response after oral quinidit d b 
therapy was 50%. Previous studies have reported a rate 
of drug efficacy for quinidine of 24 to 34% in the treat-  . 
ment of patients with VT.3-1213 This greater degree of 
success achieved with quinidine in our study may, in - 


preventing the inducibility of VT using quinidine na S 
a mean serum level of 2.9 + 0.8 ug/ml. The substantially E 
higher serum levels of quinidine in our study were E 
achieved without a high incidence of untoward side ef- P 
fects. T he assay used in this study is comparable in ac- — 
curacy to that of other techniques.!^ This assay mea- | 
sures a total serum quinidine level, including metabo-  . 
lites such as dihydroquinidine. High-dose quinidine bh. 
therapy in these patients, with target serum levels of 4 

to 6 ug/ml, may result in a greater degree of drug effi- - 4 
cacy than more standard dosages, in a fashion analogous — 

to that of Greenspan et al,!! with respect to high-dose 3 
procainamide therapy. 

We found a 7596 concordance in drug response be- 
tween intravenous and oral procainamide. Marchlinski — 
et al! found a 100% degree of concordance between " 
intravenous and oral procainamide when comparable  . 
serum concentrations (within 3 ug/ml) were achieved. 3 
Four of the 5 patients in our study with a discordant 
response had comparable serum levels (within 3 ug/ml) | . 
after intravenous and oral therapy. Differences in  . 
stimulation protocols, definition of drug efficacy, and — 3 
patient population between this study and that of | 
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A) TOTAL 
20 PATIENTS 
Á 14- IV PA 
3+ 3- 2+ 12- ORAL PA 
FIGURE 1. Effects of intravenous (IV) procainamide (PA), 
oral PA and oral quinidine (Q) on inducible ventricular 15/20 concordant (75%) 
tachycardia (VT) in 20 patients. A, intravenous PA com- 5/20 discordant (25%) 
pared with oral PA. B, intravenous PA compared with oral 
Q. + = positive drug response, defined as fewer than 10 B) TOTAL C) TOTAL 
beats of induced VT; — = negative drug response, defined 20 PATIENTS 20 PATIENTS 
as more than 10 beats of induced VT. 
6+ 14- V PA 54 15- ORAL PA we 
3+ 3- 7+ 7- ORAL Q 5+ Q- 5+ 10- ORAL Q A 
10/20 concordant (50%) 15/20 concordant (75%) 


10/20 discordant (50%) 


5/20 discordant (25%) 
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_ Marchlinski et al may contribute to differences in 
| results. 

— A greater degree of discordance was found when 
_ comparing the drug responses to intravenous procain- 
. amide and oral quinidine treatment. There was a 50% 
_ rate of discordance between these 2 agents. Seven of 14 
5 patients who failed to respond to intravenous procain- 
. amide had a positive drug response to quinidine. Wax- 
man et al!? reported only 2 of 42 successful drug trials 
- with quinidine in patients whom intravenous procain- 
. amide had failed to prevent inducibility. Again, differ- 
- ences in serum levels may account for these findings. 
_ The mean serum quinidine level in the study by Wax- 
i man et al was 4.2 + 1.3 ug/ml in patients with inducible 
VT and 3.5 + 1.7 ug/ml in patients without inducible 
_ VT. In our study the mean serum quinidine level was 
_ 5.4 + 0.7 ug/ml in patients with a positive drug response 
and 5.4 + 1.0 ug/ml in patients with a negative drug 
response. The higher and more uniform serum quini- 
- dine levels in our study patients may explain our higher 
- success rate using quinidine to abolish inducible VT. 
A . Recently, other studies of the inability of procain- 
 amide to predict success with other antiarrhythmic 
- drugs have been reported. Rae et al!5 found that 17% of 
patients with sustained VT and a negative drug re- 
sponse to procainamide went on to have successful 
- prevention of VT induction with other antiarrhythmic 
_ drugs. In patients with ventricular fibrillation or non- 
_ sustained VT, this rate of success, despite procainamide 
- failure, was 47% and 58%, respectively. Fogoros and 
- Fiedler! found a 26% discordance between procain- 
 amide and other standard antiarrhythmic drugs in pa- 
tients with inducible VT or fibrillation, with the bulk 
| of the discordance owing to the efficacy of phenytoin. 
- In our study much of the discordance was a result of the 
| Success of quinidine therapy. 

_ Acute drug testing with intravenous antiarrhythmic 
drugs in patients with VT, may give misleading results 
_ With respect to the efficacy of oral agents. The presence 
of active metabolites that accumulate during oral 
"therapy as well as myocardial concentration of drug 
- during chronic oral therapy may all contribute to dif- 
ferences in drug effects between intravenous and oral 
_therapy.!7-!9 The ability to extrapolate or predict the 
efficacy of oral therapy from the response to acute in- 
_travenous administration of a drug is hampered by these 
factors, whether comparing 2 forms of the same drug or 


2 different drugs in the same class. In the current study 
a 25% discordance of drug response was found between 
intravenous and oral procainamide and a 50% dis- 
cordance between intravenous procainamide and oral 
quinidine. Moreover, our data suggest the importance 
and efficacy of high-dose quinidine therapy in the 
management of patients with sustained VT. 
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Spectrum of Antiarrhythmic Response to Encainide 


HENRY J. DUFF, MD, DAN M. RODEN, MD, EDMUND L. CAREY, MD, 
THEODORE WANG, MD, R. KIRBY PRIMM, MD, and RAYMOND L. WOOSLEY, MD, PhD 





Encainide is effective in suppressing non-life- 
threatening ventricular arrhythmias; however, in- 
consistent results have been noted in patients with 
more serious ventricular arrhythmias. Thirty-seven 
patients with drug-resistant ventricular arrhythmias 
were studied. Patients in group I (n = 11) had sus- 
tained ventricular tachycardia and those in group Il 
(n = 26) had nonsustained ventricular arrhythmias. 
In group I, 8 patients had remote myocardial in- 
farction, congestive heart failure and sustained 
ventricular tachycardia requiring repeated cardio- 
version (group la). None of these patients responded 
to encainide treatment, but 6 did have an antiar- 
rhythmic response (complete in 3 and only partial 
in 3) to other investigational antiarrhythmic agents. 
Three patients in group I, all without ischemic heart 
disease (group Ib), had an excellent antiarrhythmic 
response to encainide, as did 21 of 26 patients in 
group Il. In 4 of 5 patients in group Il who did not re- 
spond, the dosage was limited due to the develop- 
ment of sinus pauses, atrioventricular block or 
bundle branch block, and in 3 of these 4 patients 


preexisting conduction disease was evident (PR — 
longer than 0.2 second or QRS longer than 0.12 © 
second). Diplopia occurred while taking the maximal : 
oral dosage in the fifth patient. At 21.5 months of 

follow-up, 14 of the original 24 patients who re- - 


sponded to encainide continue to receive it; 3 have 


died (all due to natural progression of left ventricular 


dysfunction) and encainide was discontinued in 7: 
in 2 because of syncope, in 2 because of new-onset 
atrial fibrillation, in 1 patient because of exercise- 
induced polymorphic ventricular tachycardia, in 
1 because of diplopia and in 1 because of skin 
exanthem. 

Paradoxical worsening of ventricular arrhythmias 
occurred more frequently (p <0.01) in patients in 
group la (4 of 8 patients) than in those in group Ib 
and Il (3 of 29 patients). Although no significant 
relation could be established, paradoxical responses 
tended to be associated with higher encainide 
concentrations and greater prolongation of the QRS 
interval. 

(Am J Cardiol 1985;56:887-891) 





Encainide is an investigational drug that is effective in 
suppressing ventricular premature complexes (VPCs) 
and nonsustained ventricular tachycardia.!-? However, 
inconsistent efficacy has been noted in the treatment 
of more malignant ventricular arrhythmias. Mason et 
al® reported their experience in the treatment of 38 
patients with recurrent, drug-resistant ventricular 
tachycardia and concluded that encainide was safe, well 
tolerated and often effective. However, we’ and others®? 
have noted paradoxical worsening of ventricular ar- 
rhythmias (both spontaneous and those induced by 


From the Divisions of Clinical Pharmacology and Cardiology, Depart- 
ment of Pharmacology and Medicine, Vanderbilt University School of 
Medicine, Vanderbilt University, Nashville, Tennessee. This study was 
supported by Grant 5M01 RR-95 from the General Clinical Research 
Center, Program of the Division of Research Resources, National In- 
stitutes of Health, and U.S. Public Health Service Grants GM 15431 and 
GM07569, Bethesda, Maryland, and by the Canadian Heart Foundation, 
Ottawa, Canada. Dr. Duff is an Alberta Heritage Foundation for Medical 
Research Scholar. His current affiliation is the University of Calgary, 
Calgary, Alberta, Canada. Dr. Roden is recipient of the Clinician-Sci- 
entist Award of the American Heart Association, Dallas, Texas. Man- 
uscript received March 16, 1984; revised manuscript received May 28, 
1985, accepted May 29, 1985. 

Address for reprints: Raymond L. Woosley, MD, Department of 
Pharmacology, Vanderbilt University School of Medicine, Nashville, 
Tennessee 37232. 


887 


programmed electrical stimulation) during encainide 
treatment. Likewise, Winkle et al? noted that patients 


with malignant ventricular arrhythmias have the 


highest incidence of these paradoxical events. These 
discrepancies may be expected when any agent is used 
to treat ventricular arrhythmias of widely differing 
clinical severity, associated cardiac pathologic charac- 
teristics and mechanism. An understanding of the 
characteristics of patients least likely to respond to 
encainide and, more important, those with a greater risk 
for adverse effects would allow more effective selec- 
tion of patients for treatment. We present our experi- 
ence in 37 patients with drug-resistant ventricular 
arrhythmias. 


Methods 


Thirty-seven patients with high-frequency, complex and 
symptomatic ventricular arrhythmias who were nonresponsive 
or intolerant to conventional antiarrhythmic agents were in- 
cluded in this study. Conventional antiarrhythmic agents were 
considered ineffective if (1) computerized analysis of 12 to 24 
hours of electrocardiographic data documented lack of sus- 


tained arrhythmia suppression (defined as less than 30% of — 


baseline) or persistence of symptomatic arrhythmias when 
plasma drug concentrations were in the range usually asso- 
ciated with efficacy; (2) ventricular tachycardia (3 or more 
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jm 
Rs i Group la Group Ib Group Il 
V No. of pts (M/F) 8M 3F 26 (18 M, 8 F) 
- Age (yr) 58 + 6.4 33 + 16 56 + 13 
_ Arrhythmias* 
Sustained VT All All None 
eae Ne tained VT All All 21 
.... VPCs/hr 128 + 156 2,712 + 1,885 478+ 452 
— Couplet frequency 111+ 136 7X6 244 
..... VT frequency 137 315 + 365 0.46 
— Diagnosis 
iu pureed artery All 0 7 
| d 
No known structural 0 3 10 
|. disease 
-Hypertensive heart 0 0 4 
|  . disease 
— . Mitral valve prolapse 0 0 3 
E Cardiomyopathy 0 0 1 
= Renal failure 0 0 1 
E Previous antiarrhythmic 
agents 
.. Resistanttoagents! 5.1415 63420 42420 
k (range 3-8) (range 3-9) (range 2-11) 
LV dysfunction 
.... NYHA class III-IV All 0 5 
eg Co nduction disorders 
. . History of 3° AV 1 0 0 
E .. block 
Sinus pauses 1 0 0 
QRS 0.12 second 3 0 2 
|. PR 0.20 second 1 0 4 
.. Bundle branch block 0 0 1 


D^ * Mean + standard error of the mean. 

-t Mean + standard deviation. 

x AV = atrioventricular; LV = left ventricular; NYHA = New York Heart 
Association; VPCs — ventricular premature complexes; VT — ven- 
à icol tachycardia. 


Bcidscutive VPCs at a cycle length of less than 600 ms) per- 
1 sisted on a maximal, well tolerated dosage during ambulatory 
monitoring; (3) intolerable side effects or allergy developed 
- that necessitated the discontinuation of therapy; or (4) ther- 
 apy with a given agent was contraindicated. All patients had 
3 received antiarrhythmic therapy with quinidine, procain- 
amide, propranolol and disopyramide (unless such therapy 
was contraindicated) without satisfactory response. VPC and 
- ventricular tachycardia frequency were quantitated at base- 
- line (24 to 48 hours of data at least 4 elimination half-lives 
after discontinuation of all previous antiarrhythmic therapy, 
h if possible) and during therapy with gradually increasing 
a dosages of encainide. The QRS duration was monitored at 
- baseline and while encainide dosages were gradually increased. 
The endpoints of therapy were efficacy, paradoxical worsening 
- of ventricular arrhythmia frequency or other manifestation 
_ of toxicity. Encainide was initially administered either in- 
- travenously or orally. Because antiarrhythmic efficacy had 
previously been observed over a wide range of dosages? and 
| because details of an effective encainide infusion were not 
available at that time, each infusion was individually designed 
, using the principles outlined herein (gradually increasing 
. dosages of encainide, exploring the dose-response relations). 
 'The intravenous infusions of encainide (provided by Mead 
- Johnson Pharmaceuticals) were given at 1 to 2 mg/min over 
_ 1 to 2 hours (from 50 to 240 mg), and this infusion rate was 
continued until efficacy or side effects occurred. If a patient 
responded to intravenous encainide, the infusion was dis- 
- continued and replaced with gradually increasing oral dosages 
- of encainide (supplied as 25- and 50-mg tablets). If patients 
did not respond to intravenous encainide, the oral preparation 
was not assessed. Encainide therapy did not always begin with 
intravenous. treatment; many. shia received gradually 


+ 
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increasing dosages of obi medioan. (with ithe? same ‘ond: 
points). The oral dosage schedule was to give encainide every 
6 hours and dosage increments were considered only after 48 
hours on a stable dosage (beginning at 12.5 mg to a maximum 
of 125 mg every 6 hours) in all patients with nonsustained 
ventricular arrhythmias (group II). However, in patients with 
sustained ventricular tachycardia with ischemic heart disease 
(group Ia), the schedule was individualized based on clinical 
urgency. Even so, the dosage schedule was every 6 hours in 5 
of 8 patients in group Ia. In 3 patients in group Ia, encainide 
was given every 3 to 4 hours, for several dosages. Dosages were 
increased every 12 to 18 hours in patients in group Ia. 

Arrhythmia frequency: Arrhythmia frequency was 
quantified using a Hewlett Packard computerized arrhythmia 
analysis system (HP 78220) located in the coronary care unit, 
or the electrocardiographic data were recorded on 8-track FM 
magnetic tapes using a Honeywell Model 96 FM recorder. 
‘Tapes were then analyzed by a computer operator using a 
PDP 11/60 laboratory minicomputer and a previously de- 
scribed and validated system.!° This system records the 
number of VPCs and episodes of ventricular tachycardia using 
a template matching algorithm. Sustained ventricular 
tachycardia in this study is defined as more than 100 consec- 
utive VPCs at a cycle length of less than 600 ms. 

Electrophysiologic studies: Eleven patients were studied 
using conventional programmed electrical stimulation tech- 
niques. The ventricular origin of the patient’s arrhythmias was 
confirmed by His bundle recordings. A Medtronic model 5652 
stimulator was used to pace the right ventricle at a cycle length 
(S181) of 500 ms and to introduce up to 2 extrastimuli at twice 
diastolic threshold. Coupling intervals were serially shortened 
by 5 ms until sustained ventricular tachycardia occurred or 
ventricular refractoriness was encountered. If sustained 
ventricular tachycardia could not be elicited with the electrode 
catheter positioned at the right ventricular apex, the catheter 
was moved to the pulmonary outflow tract and the protocol 
was repeated. This same protocol was used with the patient 
in the drug-free state and during encainide treatment. 

Analytical: Plasma serum samples were assayed using a 
high-performance liquid chromatography system described 
by Mayol and Comer,!! which separates and quantifies en- 
cainide, O-demethyl encainide and other metabolites (N- 
demethyl encainide, O, N-didemethyl encainide and 3-me- 
thoxy-O-demethyl encainide). This assay was modified to use 
S-15531 (supplied by Riker Laboratories) as an internal 
standard. 


Results 


Table I describes the population studied. Patients in 
group I had sustained ventricular tachycardia; 8 pa- 
tients (group Ia) had previous myocardial infarction and 
sustained ventricular tachycardia that would not self- 
terminate and required repeated cardioversions, and 
3 patients (Group Ib) had no previous myocardial in- 
farction or coronary artery disease and sustained ven- 
tricular tachycardia that did self-terminate). Group II 
consisted of 26 patients with symptomatic, complex, 
nonsustained ventricular arrhythmias: 21 with episodes 
of nonsustained ventricular tachycardia, defined as 3 
to 100 consecutive ventricular beats at a cycle length of 
shorter than 600 ms) and 5 patients with recurrent 
ventricular couplets but no evidence of ventricular 
tachycardia. 

Response to encainide therapy: None of the pa- 
tients in group Ia had a satisfactory response to en- 
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mias actually worsened. However, 2 of these patients 
-. had had paradoxical increases in arrhythmia frequency 
with other antiarrhythmic drugs, 1 with mexiletine and 
1 with aprindine. 

One patient in group Ia died while taking encainide 
(intractable ventricular fibrillation). Of the other 7 
patients in groups Ia, no effective therapy could be 


— found for 1, who died in hospital on other medications, 


and 6 patients finally responded to other antiarrhyth- 
mic agents. Response was complete in 3 patients (pro- 
cainamide-dilantin combination in 2 and bretylium in 
1) and only partial in 3 (ventricular tachycardia became 


. much less frequent and slower). Complete responders 


have been arrhythmia-free for 26 months. During fol- 
low-up of the 3 patients with a partial response, 1 died 
(during procainamide treatment) and 2 patients con- 
tinued to have episodes of sustained ventricular 
tachycardia during a 12-month follow-up (receiving 
procainamide-dilantin combination treatment). 
Twenty-four of the 29 remaining patients (group Ib 
and group II) had an excellent antiarrhythmic response 
(defined as abolition of ventricular tachycardia and 


. more than 85% suppression of VPCs) and were dis- 
- charged with encainide therapy. Side effects prevented 


therapy in 5 patients: in 2 bundle branch block devel- 
oped, 1 had AV nodal Wenckebach periodicity and 1 
had sinus pauses. Before encainide treatments, 3 of 
these 4 patients had preexisting conduction abnor- 
malities (PR longer than 0.2 second or QRS longer than 
0.12 second). In the other nonresponding patient, di- 
plopia developed at maximal allowable dosages of en- 
cainide (125 mg orally every 6 hours), and the patient 
was subsequently shown not to produce the metabolite, 
O-demethyl encainide. Fourteen of the original 24 re- 
sponding patients continue to receive encainide at a 
mean follow-up of 21.5 months (range 1 to 40). Three 
patients in group II died, all of whom had poor left 
ventricular function (mean ejections fraction 3296); their 
deaths were not sudden and were preceded by pro- 
gressive congestive heart failure. Encainide was dis- 
continued in 7 other patients during follow-up: in 2 
because of outpatient syncopal episodes associated with 
right bundle branch block (no arrhythmia could be 
documented during prolonged ambulatory monitoring), 
in 1 because of exercise-induced polymorphic ventric- 
ular tachycardia (not present during placebo), in 2 be- 
cause atrial fibrillation developed, in 1 because of di- 
plopia, and in 1 because of a skin exanthem. 
Worsening of arrhythmias: Arrhythmias worsened 
in 7 patients: 4 in group Ia and 3 in groups Ib and II (p 
«0.01, x? test). Paradoxical worsening of arrhythmias 
was identified by the presence of 1 of 4 criteria: (1) Four 
patients in group Ia showed a striking increase in the 
frequency of spontaneous episodes of sustained ven- 
tricular tachycardia. One of these patients died with 
intractable ventricular fibrillation and 3 patients had 
sustained ventricular tachycardia that persisted for 
hours. (2) In 2 of 11 patients studied (1 patient in group 
Ta and 1 in group II), sustained ventricular tachycardia 


was easier to induce by programmed electrical stimu- 
. lation. All patients appeared to have suppression of 
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Relation Between Presence or Absence of RAE z 
Paradoxical Worsening of Arrhythmias in Group 
la to Dosage, Plasma Concentration and 
Electrocardiographic Interval Change 


TABLE Il 


VT 
Nonresponsive - 
(n = 4) 


284 + 67 
(range PES 
191 € 1 


Paradoxical 
Events 
(n = 4) 


300 + 90 
(range 181—400) 
977 + 847 


Mean dose (mg/day) 


Encainide conc. (ng/ml) 
when treatment stopped 

ODME conc. (ng/ml) 
when treatment stopped 

Change in QRS duration (sec) 
from baseline 

Change in QTc interval (sec) 
from baseline 

Change in JTc interval (sec) 
from baseline 


(range 81—1,765) 
458 + 481 


(range 24-977) 
0.06 + 0.03 


0.03 + 0.05 0.11 + 0.08 
(range 0.03-0.08) (rango 0.05-0. 16) 
0.05 + 0.02 0.07 + 0.07 
(range 0.03-0.07) (range 0.03-0. 19) 


conc. = concentration; NA = not available; ODME = O-demethyl 


encainide; VT — ventricular tachycardia. 


spontaneous arrhythmias at the time of electrophysio- - 


logic study; however, patients in group Ia had sporadic — 
arrhythmias and spontaneous ventricular tachycardia - 
occurred late during encainide treatment that was un- 
related to programmed electrical stimulation. Sustained — 
ventricular tachycardia resulted from the p 
of 2 extrastimuli in all 3 patients in group Ia at baseline. — 

'This same endpoint could still be induced in all 3 pa- 
tients during encainide treatment, but in 1 patient ay 
1 extrastimulus was required. In none of the patients in- 
group II was sustained ventricular tachycardia induced — 
at baseline, but in 1 patient it was induced during en- - 


cainide treatment. (3) In 3 of 4 patients in whom sus- - 


tained ventricular tachycardia could be terminated with 
ventricular burst pacing (all in group Ia), this technique 
was no longer successful during encainide treatment. 
(4) Nonsustained ventricular tachycardia developed 


during treadmill exercise testing in 3 of 8 patients in E. 


group II who underwent this evaluation during en- 
cainide treatment. No patient in group II had had - 
ventricular tachycardia during exercise testing while — 


receiving placebo or antiarrhythmic treatment other "3 


than encainide. 


Dosage, concentration, electrocardiographie | : 


interval changes and outcome in group Ia: Table II ~ 


lists the presence or absence of paradoxical events oc- 3 


curring in group Ia related to dosage, plasma concen- 
tration and electrocardiographic interval change. Pa- 


tients in whom paradoxical events developed tended to — E 
have higher plasma encainide concentrations and 2 
greater prolongation in the QRS duration. Howovoni } 


owing to the small number of patients, no significant 


relationships could be found. A 


Discussion 
Although encainide is often effective in the treatment 


of drug-resistant ventricular arrhythmias, we have . 
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identified a subset of patients in whom encainide - p 


therapy is uniformly not successful and in whom ad- P 


verse effects occur frequently. Although lack of response __ 
to encainide may imply drug resistance, 6 patients had 5 


a complete or partial a cadis e response to other. M 
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. medications. Paradoxical worsening of arrhythmias was 
. not observed during optimal antiarrhythmic therapy. 
 Disparity in antiarrhythmic efficacy among patient 


— subsets may relate both to the nature of the underlying 


-——- 


myocardial abnormality and the presumed mechanism 


of the arrhythmia being treated. The state of the 
underlying myocardium clearly influences the electro- 
physiologic effects of a given medication, as shown by 


the differing electrophysiologic effects of procainamide 
and lidocaine in normal and in ischemic myocar- 
dium.!?-14 Similarly, the postulated mechanism of the 
arrhythmia being treated can alter efficacy. Several 


 antiarrhythmic agents show a lack of efficacy or para- 


doxical worsening of reentrant arrhythmias while ef- 
fectively suppressing automatic arrhythmias.!5-15 We 


- examined the effect of O-demethyl encainide (the active 


- metabolite of encainide) on spontaneous arrhythmias 


(presumably increased automaticity) and electrically 


_ induced arrhythmias (presumably reentrant) occurring 
2 days after occlusion-reperfusion injury in dogs.!? 


Spontaneous arrhythmias were effectively suppressed, 
whereas the ability to induce sustained ventricular 


_ tachycardia by programmed electrical stimulation was 
enhanced and ventricular fibrillation threshold was 
_ lowered. In contrast, O-demethyl encainide raised the 


- 


. ventricular fibrillation threshold in normal animals. The 
results seen in the present study in humans are in 


_ keeping with these observations in animals. Although 
- encainide appears to be effective in treating many pa- 
- tients with drug-resistant ventricular arrhythmias (with 
 aspectrum of myocardial abnormalities and arrhythmic 


UTA = = 


. mechanisms), patients with sustained ventricular 
tachycardia associated with previous myocardial in- 


_ farction constitute a subset of patients who do not re- 
- spond to encainide and in whom paradoxical worsening 
- of arrhythmias occurs frequently. Patients who have 
- sustained ventricular tachycardia associated with seg- 
. mental wall motion abnormalities have been found to 


have delayed and nonhomogeneous intraventricular 
conduction in the border of infarct zones.2°-22 Myo- 
cardial abnormalities that predispose to nonhomo- 


 geneous intraventricular conduction combined with 
medications that markedly delay intraventricular 
- conduction (encainide and O-demethyl encainide) may 


_ create conditions ideal for the development of reentry 
- circuits." 


Mason et al® reported their experience in 38 patients 


- with drug-resistant ventricular tachycardia and re- 
- ported results that contrast with ours. All of their pa- 
. tients were initially considered responsive to encainide 
- therapy, although 17 were withdrawn from encainide 


during the first 6 months of follow-up. The clinical 


. characteristics of patients who did not have a persistent 


outpatient antiarrhythmic response were not detailed. 


In their study, the 4 patients who had paradoxical 


worsening of ventricular arrhythmias with encainide 
also had previously received repeated cardiopulmonary 
resuscitation. 

The manner in which encainide is administered may 
also affect the resultant incidence of efficacy or toxicity. 
Given the information that encainide had a half-life of 
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less than 3 hours in most patients, the dosage of en- 


cainide was at times rapidly increased in this study to 
control life-threatening ventricular arrhythmias. 
However, new analytic techniques have allowed the 
identification of metabolites of encainide!! that appear 
to contribute to the pharmacologic effects of encainide 
(electrophysiologic effects!%?*.24 antiarrhythmic re- 
sponse??-?7 and possible adverse effects!9). These active 
metabolites of encainide appear to have delayed elim- 
ination dosage relative to the parent, and rapid increases 
in encainide dosage (before reaching steady-state con- 
ditions for the metabolites) may result in delayed ex- 
cessive accumulation of the metabolites. This may ex- 
plain the paradoxical worsening of ventricular 
arrhythmias often seen in patients with life-threatening 
arrhythmias. In support of this possibility we showed 
that a high concentration (more than 300 ng/ml) of 
O-demethyl encainide (the predominant metabolite in 
most patients’) lowers the fibrillation threshold in an 
ischemic canine model!? and predisposes to ventricular 
tachycardia induced by programmed electrical stimu- 
lation (presumably a reentrant mechanism). Owing to 
its complex metabolic profile, encainide appears ill- 
suited as an intravenous agent for treating life-threat- 
ening ventricular arrhythmias. Dosage increases of 
encainide should be considered only after steady-state 
conditions have been achieved for both the parent 
compound and its metabolites (several days). 

In the present study relatively few patients with 
sustained ventricular tachycardia were evaluated during 
encainide treatment. If more patients had been studied, 
a proportion of patients (like those in group Ia) might 
have responded to encainide. However, because para- 
doxical worsening of arrhythmia was frequent and 
alternative medications were effective, additional pa- 
tients like those in group Ia were not treated with 
encainide. 


Acknowledgment: We are indebted to Gregory Douglas, 
Brenda Mullinger and Judith Osman for assistance in the 
preparation of this manuscript. 
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Exercise-induced Left Bundle Branch Block 
and Its Relation to Coronary Artery Disease 


CHARLES VASEY, MD, JACQUELINE O’DONNELL, MD, STEPHEN MORRIS, MD, 
and PAUL McHENRY, MD 





The records of 2,584 consecutive patients who un- 


. derwent both treadmill exercise testing and coronary 


cineangiography were reviewed to determine the 
relation between exercise-induced, acceleration- 
dependent left bundle branch block (LBBB) and the 


presence of coronary artery disease (CAD). Rate- 


dependent LBBB during exercise was identified in 
28 patients (1.1%), who were categorized ac- 
cording to their presenting symptoms: classic angina 
pectoris, atypical chest pain, symptomatic cardiac 
arrhythmia and asymptomatic. Asymptomatic pa- 
tients underwent a screening exercise test. CAD 
was present in 7 of 10 patients who presented with 
classic angina pectoris, but 12 of 13 patients pre- 
senting with atypical chest pain had normal coronary 


. arteries. All 10 patients in whom LBBB developed 
. at a heart rate of 125 beats/min or higher were free 


of CAD, whereas 9 of 18 patients in whom LBBB 
developed at a heart rate of less than 125 beats/min 
had CAD. Normal coronary arteries were present in 
3 patients who presented with angina and in whom 
both chest pain and LBBB developed during exer- 
cise. It is concluded that (1) patients who present 
with atypical chest pain in whom rate-dependent 
LBBB develops on the treadmill are significantly less 
likely to have CAD than patients who present with 
classic angina; (2) the onset of LBBB at a heart rate 
of 125 beats/min or higher is highly correlated with 
the presence of normal coronary arteries, regardless 
of patient presentation; and (3) patients with angina 
in whom both chest pain and LBBB develop during 
exercise may have normal coronary arteries. 


(Am J Cardiol 1985;56:892-895) 





"The clinical significance of acceleration-dependent, 


exercise-induced left bundle branch block (LBBB) is 
controversial. Several investigators! have documented 


- the coexistence of acceleration-dependent LBBB during 
_ stress testing and angiographically normal coronary 
arteries. However, Wayne et al? suggested that exer- 
— eise-induced LBBB is almost always associated with 
- demonstrable cardiac abnormalities, most frequently 


coronary artery disease (CAD).° To further evaluate 


- these conflicting observations we reviewed the records 


*- ae. 


= 


of 2,584 consecutive patients at our institution who 


- underwent treadmill exercise testing, left ventriculog- 
raphy and coronary cineangiography. We identified 28 


patients (1.1%) who had acceleration-dependent LBBB 
during stress testing. This study examines the relation 
between exercise-induced, rate-dependent LBBB and 


the presence and extent of CAD in these patients. 
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Methods 


Standard criteria were used to define complete LBBB, in- 
cluding a QRS duration of 0.13 second or longer. Normal 
conduction was recorded on the electrocardiogram at rest 
before the initiation of exercise testing in all patients. We 
required that LBBB result from an acceleration of the heart 
rate and not a single premature stimulus. 

Treadmill exercise testing was performed using a modified 
Balke protocol. Coronary cineangiography was carried out 
using the Judkins technique. All single-plane left ventricu- 
lograms were recorded in the right anterior oblique position. 
Left ventricular function was evaluated by segmental wall 
motion analysis of the ventriculograms and was considered 
abnormal if any 1 segment demonstrated abnormal systolic 
motion. Significant coronary artery disease was defined as at 
least a 50% reduction in the luminal diameter of the left an- 
terior descending, left circumflex, left main or right coronary 
arteries. 

Statistics: The relation between presenting symptoms and 
the presence or absence of CAD was assessed using Fisher's 
exact test, as was the relation between heart rate at the onset 
of LBBB and the presence or absence of CAD. 

Patients: Table I is a list of the initial indication for exercise 
testing, medications at the time of testing, and the results of 
treadmill testing, coronary cineangiography and left ven- 
triculography. In all 28 patients complete LBBB developed 
during exercise testing. The initial treadmill exercise test is 
reported in instances where patients had more than 1 stress 
test, except in cases where LBBB occurred only during a sin- 
gle, subsequent examination. Among the 8 patients who un- 
derwent more than 1 test, 4 had LBBB only 1 time, whereas 
2 showed aberrant conduction at nearly identical heart rates 
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TABLE I| Indications for Treadmill Exercise Testing (TME) and Results of Cardiac Catheterization 





| —CAD —CAD TCAD +CAD . 
Indication for TME No. of Pts NI LV Abni LV NI LV Abni LV 
Angina/MI 10 2 1 3 4 
_ Atypical chest pain 13 11 1 1 0 
Cardiac arrhythmias 3 0 2 0 1 
Asymptomatic screen 2 2 0 0 0 
. Total 28 15 4 4 5 


_ Abni LV = at least 1 area of abnormal wall motion on right anterior oblique (RAO) ventriculogram; CAD = coronary artery disease; +CAD = 
atleast 1 vessel with 25096 stenosis; —CAD = no lesion with 25096 stenosis; MI = myocardial infarction; NI LV = normally contracting left ventricle 


. on RAO ventriculogram. 


— TABLE Ili Indication for Treadmill Exercise Test (TME) 
and Presence or Absence of Coronary Artery 


Disease 
Indication No. 
for TME of Pts +CAD —CAD 
Angina/MI 10 7 
p «0.004 
Atypical 13 1 1 
| chest pain 
.— Cardiac 3 1 2 
| mias 
. Asymptomatic 2 0 2 
. Total 28 9 19 


~- CAD = coronary artery disease; +CAD = at least 1 vessel 
. with 250% stenosis; —CAD = no lesion 25096; MI = myocardial 
. infarction. 


and 2 at significantly slower heart rates during repeat testing. 
All patients were white; 19 were men and 9 were women. They 
. were 29 to 70 years old (mean 53). 
— Patients were classified according to the initial indication 
for exercise stress testing. These classifications were: (1) pa- 
tients with typical angina pectoris or previously documented 
myocardial infarction, (2) patients considered to have atypical 
chest pain, (3) patients studied for symptomatic cardiac ar- 
rhythmias, and (4) asymptomatic patients undergoing a 
. screening exercise test. 


Results 


Arteriographic studies revealed no significant CAD 
in 19 of the 28 patients (68%); 15 of those 19 were be- 
lieved to have normal wall motion by left ventriculog- 
_ raphy. The left ventriculogram was considered to be 
. normal in 19 of the 28 patients, 4 of whom had signifi- 
. cant CAD (Table I). In only 3 patients (11%) did ST- 
- segment changes suggestive of ischemia develop before 
. the onset of LBBB. Repolarization abnormalities were 
. observed in 4 patients after the restoration of normal 
- conduction, although in several patients interpretation 
_ of postexercise ST-segment changes were precluded by 
_ the persistence of aberrant conduction beyond the 6- 
minute period of observation. 

The extent and location of coronary artery narrowing 
among the 9 patients with CAD was highly variable 
(Table I). 

The indication for initial treadmill exercise testing 
and the results of left ventriculography and coronary 
cineangiography are compared in Table II. Table III is 
a comparison of the initial indication for exercise testing 
and the presence or absence of CAD. Significant CAD 
was present in 7 of 10 patients who had had a prior 
myocardial infarction or were believed to manifest 
classic angina pectoris. Only 1 of 13 patients referred for 
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diagnostic evaluation of atypical chest pain had CAD; 
11 of these patients also had normal left ventriculo- 
graphic findings. This difference in the prevalence of 
CAD between patients with classic angina and patients 
with atypical chest pain was highly significant (p 
<0.004). Both of the asymptomatic subjects who un- 
derwent arteriographic studies because of an abnormal 
treadmill exercise test were normal. The ventriculo- . 
grams were abnormal in all 3 patients with symptomatic 
cardiac arrhythmias, but only 1 patient had significant 
CAD. 

Figure 1 depicts the relation between the heart rate 
at the onset of LBBB and the presence or absence of 
CAD. Whereas aberrant conduction developed at 
variable heart rates in patients without significant CAD, 
in all patients with CAD LBBB developed at a heart 
rate of less than 125 beats/min. Exercise-induced LBBB 
at a heart rate of 125 beats/min or greater was more 
likely to develop in patients without CAD (p «0.01). 

Chest discomfort developed in 12 of 28 patients 
during or soon after exercise. Seven of these patients 
had normal coronary arteries and 5 had significant 
CAD. No consistent relation was observed between the 
onset of chest discomfort and the initiation of aberrant 
conduction during exercise. Normal coronary arteries 
were found in 3 patients with typical angina or pre- 
viously documented myocardial infarction in whom 
chest pain and rate-dependent LBBB developed with 
exercise. 


Discussion 


An accurate determination of the clinical significance 
of exercise-induced, acceleration-dependent LBBB is 
important. Rate-dependent LBBB may be a reflection 
of underlying myocardial dysfunction, intrinsic disease 
of the cardiac conducting tissues or a compromised 
coronary circulation. Before the advent of coronary 
arteriography, rate-dependent LBBB was believed to 
result most often from arteriosclerotic CAD.9-!? More 
recently, several investigators have reported patients 
with exertional chest pain, exercise-induced LBBB and 
normal coronary arteries.?:4 Conflicting observations 
have also been reported. Wayne et al? found angio- 
graphically proved CAD in 7 of 11 patients with exer- 
cise-induced LBBB, and 1 other patient had docu- 
mented coronary spasm. T'wo patients had primary 
myocardial disease and only 1 of their patients was 
considered to be without evidence of cardiovascular 
disease. They concluded that exercise-induced bundle 
branch block is almost always associated with cardio- 
vascular disease, and usually with CAD. 
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Our results help to clarify these contrasting obser- 
vations and provide a means of identifying patients with 
exercise-induced LBBB and normal coronary arteries. 
In our study, of 28 patients with exercise-induced, ac- 
celeration-dependent LBBB, 19 (68%) were free of 
CAD. Coronary cineangiographic results were normal 
in 12 of 13 patients with atypical chest discomfort. Only 
3 of 10 patients with a clinical diagnosis of angina pec- 
toris or a prior myocardial infarction had normal coro- 
nary arteries, and only 2 had normal ventriculographic 
findings as well. Thus, exercise-induced LBBB was 
associated with abnormal findings at cardiac catheter- 
ization in less than half of our patients, although, as one 
might expect, most patients with classic angina did have 
significant CAD, whereas patients with atypical chest 
pain did not. These findings indicate the need to cate- 
gorize patients with exercise-induced LBBB based on 
the nature of their presenting symptoms and, as such, re- 
inforce the importance of accurate historical information. 

Our study results suggest that the presence of normal 
coronary arteries can be predicted with increased 
specificity by examining the exercise heart rate at the 
onset of aberrant conduction. None of the 10 patients 
in whom LBBB developed at a heart rate of 125 beats/ 
min or greater had CAD; 7 had normal findings and 3 
had segmental wall motion abnormalities on the left 
ventriculogram at rest. A review of previous reports 
provides further support for this heart rate criterion. 
Previous studies!-?:!? include an additional 23 cases of 
exercise-induced LBBB in patients undergoing cine- 
angiography; in 6 of these patients LBBB developed at 
exercise heart rates of 125 beats/min or greater and 5 
had normal coronary arteries. 

Surprisingly, 3 of 8 patients with classic angina pec- 
toris who had chest pain and LBBB with exercise had 
normal coronary arteries. All 3 patients with a history 
of atypical chest pain in whom LBBB and chest dis- 
comfort developed during treadmill testing were free 
of CAD. These findings are consistent with those re- 
ported by others.'?^4 However, the cause of chest pain 
in these patients is not known. Virtanen et al? reported 
7 patients in whom exercise-induced LBBB, chest pain 
and paradoxical septal motion simultaneously devel- 
oped, without overt evidence of myocardial ischemia. 
They proposed that the chest discomfort resulted from 
abnormal septal motion. Kafka and Burggraf* also ob- 
served the simultaneous onset of exercise-induced 
LBBB and chest pain in a patient with no apparent 
ischemia, but they did not document a coexistent 
change in septal motion.‘ In our patients there was no 
consistent relation between the onset of chest discom- 
fort and the onset of left bundle branch aberrancy. 

The clinical significance of exercise-induced LBBB 
also remains poorly defined. Although several investi- 
gators suggest that acceleration-dependent LBBB re- 
sults most often from arteriosclerotic CAD,*!! LBBB 
during exercise clearly occurs in the presence of angio- 
graphically normal coronary arteries. Data from the 
Framingham study indicated that in as many as one- 
third of patients in whom permanent LBBB develops, 
clinical congestive heart failure develops a mean of 3.3 
years after the onset of LBBB.!? In many cases the 
TRE was the first clinical sign of a developing car- 
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FIGURE 1. Heart rate (HR) at the onset of left bundle branch block 
(LBBB) relative to the presence or absence of coronary artery disease - 


(CAD). No patient with CAD had exercise-induced LBBB at a heart rate x 


of 125 beats/min or greater. 


diomyopathy. Exercise-induced LBBB, therefore, may 
also be an early manifestation of a developing, non- 
ischemic cardiomyopathy. 

One limitation of this study is that the data were 


collected retrospectively. In addition, much of the car- — ; 
diac catheterization data were derived from subjective. — j 


visual interpretation by different angiographers, and 


hence is subject to interobserver variability. Ventricu- | A 
lography alone can legitimately be criticized as an in-  . 


complete means of evaluating left ventricular function. 
Finally, the presence of coronary artery spasm was not 
definitely excluded in most patients with normal coro- 
nary cineangiographic findings. 
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CONGESTIVE HEART FAILURE 


Acute Effects of Digoxin on Total Systemic Vascular 
Resistance in Congestive Heart Failure Due to Dilated 
Cardiomyopathy: A Hemodynamic-Hormonal Study 


HILLEL S. RIBNER, MD, DOMINIC A. PLUCINSKI, MD, ANN-MING HSIEH, MD, 
DENNIS BRESNAHAN, MD, AGOSTINO MOLTENI, MD, PhD, JOSEPH ASKENAZI, MD, 
and MICHAEL LESCH, MD 


The effects of the digitalis glycosides on systemic 
. vascular resistance (SVR) in patients with con- 
gestive heart failure (CHF) are controversial. Most 
investigators report a reduction in total SVR, an 
- action that has been attributed primarily to with- 
drawal of elevated sympathetic tone. Direct proof 
_ of this hypothesis is lacking, however, and the roles 
played by the renin-angiotensin-aldosterone and 
 vasopressin systems have not been fully explored. 
Moreover, in several studies of patients with CHF, 
SVR did not decrease after the administration of 
digitalis. To clarify these issues, the hemodynamic 
and hormonal effects of digoxin were correlated in 
11 normotensive men in sinus rhythm with CHF 
due to dilated cardiomyopathy. Patients were 
evaluated at rest and during submaximal exercise 
before and 6 hours after the intravenous infusion of 
1.0 mg of digoxin (mean serum concentration 1.7 
ng/ml). With digoxin therapy, heart rate, pulmonary 


The ability of therapeutic agents to improve cardio- 
vascular function relates to their actions on both the 
peripheral vasculature and the heart. The digitalis 
glycosides, long recognized as having potent inotropic 
properties, have also been shown to constrict arterioles 
in the normal experimental animal'? and to increase 
vascular resistance in the nonfailing human circulation.? 
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wedge pressure and right atrial pressure declined 
and cardiac output increased. Although vasopressin 
was unchanged, both plasma norepinephrine con- 
centrations and plasma renin activity decreased, the 
reduction in norepinephrine correlating with the in- 
crease in cardiac output. Despite these hemody- 
namic and hormonal effects, there was no change 
in total SVR at rest or during exercise. It is concluded 
that the improvement in cardiac function with di- 
goxin in this patient group was a result of the ino- 
tropic properties of the drug, without an associated 
reduction in impedance. The failure of total SVR to 
decrease despite decreases in plasma norepi- 
nephrine levels and plasma renin activity might be 
explained by concomitant digitalis-induced vaso- 
constriction, impaired ability of arterioles to dilate 
in CHF, or offsetting alterations in other vasoactive 
hormone systems. 

(Am J Cardiol 1985;56:896-904) 


In contrast, it is generally accepted that digitalis does 
not cause vasoconstriction in patients with congestive 
heart failure (CHF). The nature of the resistance re- 
sponse to digitalis in patients with CHF is controversial, 
however. Most investigators have documented reduc- 
tions in systemic vascular resistance (SVR),*-!? leading 
to the conclusion that the glycosides owe their beneficial 
effects in patients with CHF both to enhancement of 
cardiac contractility and to lowering of the impedance 
to ventricular ejection.!!^ However, a number of 
studies have demonstrated no decrease in SVR even 
when other hemodynamic variables changed consider- 
ably.9:15-1? The reasons for the conflicting data are not 
known, but may be in large part a result of the complex 
nature of the CHF syndrome as well as the difficulty in 
obtaining adequate standardization of clinical param- 
eters in the study population.!? 


ww 





TT oS Se ee "ND > 
«| 9 ^ c L 


It is unclear why drugs that are inherently vasocon- 
strictive fail to increase, or even reduce, vascular resis- 
tance in patients with CHF. The most frequently pro- 
posed mechanism is that in addition to their direct 
vascular effects, the digitalis glycosides mediate a 
withdrawal of the elevated sympathetic tone charac- 
teristic of this syndrome.^51?.29 However, direct proof 
of this hypothesis is not available, and changes in 
plasma norepinephrine concentrations after adminis- 
tration of digitalis have not been investigated. A re- 
duction in plasma renin activity (PRA) was recently 
reported,?! but the responses to digitalis of the vaso- 
pressin system (the activity of which is also increased 
in patients with CHF?22?3) have not been explored. 
Moreover, in no CHF study have changes in vasoactive 
hormone levels with digitalis been correlated with the 
hemodynamic actions of the drug. 

In view of these uncertainties with regard to the he- 
modynamic and neurohumoral responses to digitalis in 
patients with CHF, this study was designed with a 2- 
fold purpose: to evaluate the acute effects on vascular 
resistance of therapeutic concentrations of a digitalis 
glycoside in a well-defined group of normotensive pa- 
tients with chronic, stable, myocardial failure in sinus 
rhythm; and to correlate those actions with simulta- 
neous changes in the blood levels of hormones known 
to affect arteriolar smooth muscle tone. The results 
indicate that despite significant reductions in the 
vasoconstrictive hormone levels, there was no change 
in total SVR in this patient population. 


Methods 


Criteria for patient selection: The study cohort consisted 
of 11 men with myocardial failure due to alcoholic or idio- 
pathic cardiomyopathy who fulfilled the following clinical and 
hemodynamic requirements: typical symptoms of left-sided 
heart failure, with or without right-sided failure, at least 6 
months in duration; radiographic and echocardiographic 
criteria for cardiomegaly; the presence of normal sinus 
rhythm; systemic arterial mean pressure greater than 65 mm 
Hg but less than 110 mm Hg at rest; left ventricular ejection 
fraction less than 3596 as determined by equilibrium radio- 
nuclide scanning; cardiac index 2.5 liters/min/m? or less; and 
pulmonary wedge pressure 12 mm Hg or more at rest in the 
supine position. Reasons for exclusion from the study included 
pericardial, restrictive or valvular heart disease (except for 
mild tricuspid or mitral regurgitation thought to be due solely 
to ventricular dilation); acute exacerbation of heart failure 
within the previous 4 weeks; endocrinologic disorder, including 
diabetes mellitus; clinically important pulmonary disease 
(excluded by pulmonary function studies when necessary); 
more than mild renal or hepatic dysfunction (creatinine 
greater than 2.0 mg/dl, bilirubin more than 2.0 mg/dl, serum 
glutamic oxaloacetic transaminase more than 60 IU/liter); and 
inability to adhere to the prescribed diet. All patients had 
either never received digitalis or had had such therapy dis- 
continued for at least 2 weeks. 

Stabilization period: Subjects were admitted to the clin- 
ical research center 5 to 7 days before the study, at which time 
all remaining medications, including diuretic drugs, were 
stopped. No smoking was permitted. A strict metabolic diet 
providing 33 mEq of sodium and 60 mEq of potassium per day 
was prescribed (American Dietary Products), and patients 
were observed until body weights were stable (less than 296 
variation) for at least 2 successive days. 
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Drug intervention: Thirty-six hours before digoxin ad- 
ministration, a balloon-tipped, triple-lumen, thermodilution — 
catheter was advanced to the pulmonary artery under fluo- — — 
roscopic control, and a short plastic catheter was inserted = 
percutaneously into the radial artery. Subsequent procedures — 
were conducted in a quiet, private room where every effort was aS à 
made to ensure a minimum of emotional stimulation. Ineach _ 2 
instance, experimental observations were made at least 27M nt 
hours after eating. Twenty-four hours before drug adminis- ^ 
tration, the first of 2 sets of control hemodynamic and hor- — - 
mone measurements was made. Heart rate, cardiac output, 
and systemic arterial, pulmonary arterial, pulmonary wedge 
and right atrial pressures were determined in all patients — 
after at least 1 hour of sitting at rest in a comfortable chair. To — . 
document stability of the control data, hemodynamic mea- — 
surements were repeated at intervals of 20 to 30 minutes until — . 
there was less than 10% variability in cardiac output. Contro] — . 
hemodynamic variables were then measured during 5to 10 
minutes of pedaling in the sitting position on a bicycle er- — 
gometer at a constant load of 15 W (50 rpm). Simultaneous — . 
with the rest and exercise hemodynamic studies, venous blood — 
was drawn through the right atrial port of the intracardiac — . 
catheter for the determination of plasma concentrations of — . 
norepinephrine, epinephrine and arginine vasopressin as well — 
as PRA. To provide insights into the interactions between — 
digitalis and the vasoactive hormones, plasma osmolality and — 
plasma concentrations of sodium and potassium were mea- __ 
sured and serum was collected for analysis of aldosterone and _ 
adrenocorticotropic hormone (ACTH). is. 

On the morning after these initial studies, baseline hemo- — 
dynamic and hormonal measurements were repeated. Im- _ 
mediately thereafter (at approximately 12 PM), 1.0 mg of di- — — 
goxin, diluted to 50 ml in 5% dextrose in water, was infused — 
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into the right atrium by infusion pump over a period of 30to 
40 minutes (mean dose 0.015 mg/kg body weight). Six hours — 
later, hemodynamic studies at rest and during exercise were — 
performed for a third time, and blood was again drawn . 
simultaneously for hormonal, osmolality and electrolyte — 
analyses. | 

Serum digoxin levels were determined in all patients at rest 
during the second control period and 6 hours after completion 
of the digoxin infusion. In 8 patients, digoxin levels were also 
measured 1 hour after infusion. 

Hemodynamic techniques: Heart rate was measured di- 
rectly from a continuously monitored electrocardiogram. 
Systemic arterial and intracardiac pressures were obtained 
using Gould P23 Id pressure transducers calibrated against 
mercury, and were recorded on a multichannel physiologic | 
recorder (Electronics for Medicine model VR6). The reference 
for all pressures was a plane 5 cm below the sternal angle. 
Mean pressures were measured using electronic damping. - 
Cardiac output was determined by the thermodilution tech- — - 
nique using an Edwards Laboratory computer (model 9520A) 
and 10-ml injections of iced 5% dextrose in water. Each value — — 
represents the average of 3 consecutive injections. In our T 
laboratory, cardiac output measurements are reproducible | js s 
to within 5%. Total SVR was calculated as [(systemic arterial ^ . 
mean pressure — mean right atrial pressure)/cardiac output] 
X 80. par 

Hormonal, digoxin and electrolyte analyses: Blood for 
chemical determinations was drawn into chilled tubes con- 
taining the proper anticoagulant (if any), centrifuged within _ 
10 minutes at 2°C and stored at —80?C until analyzed. Cate- — 
cholamine levels were measured in the first 2 patients bya — 
radioenzymatic assay (Cat-a-Kit,™ Upjohn Diagnostics) and 
in the remaining patients by liquid chromatography.?* Cor- — 
relation coefficients between the 2 methods are 0.94 and 0.90 
for norepinephrine and epinephrine, respectively, and all _ 1 
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TABLE | 





Patient Group 
Etiology Age Duration of NYHA Supine CI Supine PWP 

Pts. of CM (yr) CHF (mo) Class BSA (m?) EF (%) (liters/min/m?) (mm Hg) 

W.B. Alcoholic 49 24 3 1.74 10 1.70 oT 
W.H. Idiopathic 62 36 3 2.15 18 1.66 27 
J.W. Idiopathic 50 96 3 1.75 22 2.29 12 
G.H. Alcoholic 65 13 3 1.75 28 2.50 26 
. T.C. Alcoholic 60 6 9 2.29 22 1.63 27 
. DL. Alcoholic 47 48 3 2.00 12 2.24 17 
S.T. Alcoholic 50 12 3 1.80 19 1.54 31 
UR. Alcoholic 55 7 3 1.76 15 1.89 14 
MEL. Idiopathic 64 10 3 1.96 24 1.85 15 
+ F.G. Idiopathic 45 24 3 1.87 16 1.88 28 
W.N. Alcoholic 53 6 2 1.65 15 1.74 12 
. Mean 55 26 3 1.88 18 1.90 22 
+SD +7 +27 +0 +0.20 +5 +0.31 +7 


BSA = body surface area; CHF = congestive heart failure; CI = cardiac index; CM = cardiomyopathy; EF = ejection fraction; NYHA = New 


values are reported without adjustment for method. PRA was 


_ estimated by quantitation of generated angiotensin I (Ri- 
~ anen'* Radioimmunoassay System, New England Nuclear). 
— Concentrations of arginine vasopressin,” aldosterone, ACTH 


and digoxin were determined by radioimmunoassay. There 
was no cross reactivity between digoxin and any of the hor- 
mones tested. Plasma osmolality was determined by freezing 


_ point depression (model 3DII osmometer, Advanced Instru- 


ments), and plasma electrolytes by flame photometry. 
Statistical calculations: Sequential changes in hemody- 

namic and hormonal variables were evaluated using the 2- 

tailed t test for paired data. Correlation coefficients were 


. established using linear regression analysis of the bivariate 


normal distribution. Results were considered significant at 


the 5% level. Except where noted, values are reported as mean 


+ standard error of the mean. 


Results 


Patients: Baseline clinical and hemodynamic char- 
acteristics of the study subjects are listed in Table I. All 
patients achieved a stable weight with dietary therapy 
alone. In no instance did symptoms worsen during the 
drug-free stabilization period, nor was specific therapy 
required before hemodynamic intervention. 

Hemodynamic findings (sitting position) (Tables 
II and III): There were no significant differences in 


- hemodynamic measurements between the 2 sets of 


control observations (data not shown). With digoxin, 
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A York Heart Association; PWP = pulmonary wedge pressure; SD = standard deviation. 


heart rate decreased significantly both at rest and 
during exercise. Cardiac output increased an average 
13% at rest and 12% during exercise. Systemic arterial 
mean pressure increased significantly at rest, but pul- 
monary arterial diastolic, pulmonary wedge and right 
atrial pressures decreased at both levels of activity. No 
significant change occurred in total SVR at either rest 
or with exercise. 

Hormonal observations (Tables II and III): There 
were no significant differences in hormone levels be- 
tween the 2 sets of control measurements (data not 
shown). After administration of digoxin, the plasma 
norepinephrine concentration decreased an average of 
28% at rest and 26% during exercise, declining in all 
instances in which it was measured. Plasma epinephrine 
did not change. Mean PRA decreased 32% at rest and 
50% during exercise. At rest, PRA decreased in 8 pa- 
tients, increased in 1 patient, and was essentially un- 
changed in the remaining 2. During exercise, all but 1 
patient had a decrease in PRA after administration of 
digoxin. 

The decline in plasma norepinephrine concentration 
correlated significantly with the increase in cardiac 
output both at rest and during exercise (Fig. 1). It also 
correlated with the reduction in mean right atrial 
pressure (r = 0.72, p <0.05 at rest; r = 0.66, p = 0.05 
during exercise). The reduction in PRA correlated with 


FIGURE 1. Correlations between percentage changes in 
cardiac output (% ACO) and in plasma norepinephrine 
concentration (% ANOR) after digoxin therapy. 
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the increase in systemic arterial mean pressure during 
exercise, but there was no significant correlation at rest 
(Fig. 2). 

Data on plasma arginine vasopressin and on serum 
aldosterone and ACTH were available in all 11 patients 
at rest and in 8 patients during exercise. Although ar- 
ginine vasopressin tended to decrease both at rest and 
during exercise after digoxin was given, neither decrease 
was significant. Aldosterone declined 21% at rest, but 
was unchanged during exercise. ACTH was unaltered 
at both levels of activity. Plasma osmolality and plasma 
sodium and potassium concentrations averaged 279 
mosm/kg, 134 mEg/liter, and 4.3 mEq/liter, respec- 
tively, at control rest, and remained constant with di- 
goxin therapy. 

Serum digoxin concentrations (Table II): The 
serum digoxin concentration was below the limits of the 
assay in all patients during the control period. Six hours 
after completion of the digoxin infusion, the serum di- 
goxin level averaged 1.7 + 0.1 ng/ml for the entire group 
of 11 patients. In the 8 patients with sequential digoxin 
determinations, the drug level was 6.6 + 1.6 ng/ml at 1 
hour and 1.7 + 0.2 ng/ml at 6 hours after infusion (p 
«0.02 for the difference between the 1-hour and 6-hour 
measurements). 


Discussion 


Total SVR is known to be elevated in patients with 
CHF, but the precise mechanisms of arteriolar con- 
striction are not understood. Although structural ab- 
normalities of the vessel wall may play an important 
role, there is also strong evidence for participation by 
a number of vasoactive neurohormonal systems. Plasma 
concentrations of norepinephrine are abnormally ele- 
vated in patients with CHF at rest?9?85 and during 
submaximal exercise,”®?9:39 and are presumed to reflect 
enhanced activity of the sympathetic nervous system.?! 
The increases in plasma norepinephrine levels in the 
basal state are directly related to the severity of symp- 
toms,” intracardiac filling pressures?92?8 and total 
SVR, 28 and are inversely proportional to the cardiac 
output. 2628 PRA and arginine vasopressin levels are also 
elevated in many patients with heart failure,?2.23,28,32 
although correlations between intracardiac pressures, 


REST n=ll 


FIGURE 2. Correlations between percentage changes in 
systemic arterial mean pressure (% ASA) and in plasma 
renin activity (96 APRA) after digoxin therapy. NS = not 





total SVR and cardiac output on the one hand and these 
plasma hormones on the other have been poor in many _ 
series.?2.32 E 

Digitalis glycosides increase total SVR in normal . 
persons??? and constrict arterioles in the coronary,?? — 
skeletal muscle, -?^?? renal” and possibly mesenter- 
ic?994 beds. Several mechanisms have been implicated — . 
in the digitalis-induced vasoconstriction. The glycosides a 













system, 35 promote release of endogenous catechol PA b f 
amines from terminals of adrenergic nerves,?6 prevent 
subsequent catecholamine reuptake,?? and potentiate E 4 
the reactivity of vascular smooth muscle to released 
norepinephrine.*®°9 In addition, digitalis has a direct. ^ 
vasoconstrictive effect that is inhibited by calcium- — 
blocking agents.?:38 e e 

In contrast to the vasoconstrictive action uniformly. T. : 
observed in the normal circulation, the reported influ- — - 
ence of digitalis glycosides on SVR in CHF in humans | G 


pearing before 1965, document a reduction in systemie ey 
resistance with digitalis.*-!? In contrast, failure of re- I. mee 
sistance to decrease was noted as early as 1950 by Bay- 
liss et al,!? and this finding was confirmed 8 years later TR 
by Werko et al.!? In a series of 15 patients with com- dE 
pensated CHF, Selzer and Malmborg? found no alter- — 
ation in total systemic resistance with digoxin in a — 4 
subset of 5 subjects who at baseline were clinically and | 
hemodynamically indistinguishable from the 10 in. 


might have been expected i in these studies, because i in d 
none did cardiac output or left ventricular filling pres- a 
sures change significantly. However, subsequent in- 
vestigations reported constancy of vascular resistance — | 
even in the face of clear enhancement of ventricular J E. 


found that although resistance decreased in 4 of 8 pa- 
tients with CHF, it actually increased in the other 4. —. 

To some extent such conflicting results may relateto — 
the definition of resistance—total systemic resistance i - 
vs total SVR—used by individual workers. However, 
differences in definition do not account for the observei 
discrepancies in the resistance response, because both - 
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po orted to either decrease or remain unchanged after 
‘digitalis. A partial explanation may be the heterogeneity 
dn de causes and severity of CHF, as well as in cardiac 
rhythm, which has characterized most investigations 
to date. Thus, many series have included acutely ill 
tients or those with stenotic valvular disorders, cor 
pulm onale, uncontrolled hypertension or high-output 
P ste pe in addition to ischemic or cardiomyopathic dis- 
e. The timing of hemodynamic measurements may 
al 30 o affect the experimental observations. After the 
3 ravenous bolus administration of digoxin, both serum 
d puri levels and tissue concentrations of the drug 
h hange rapidly,*! and equilibrium is fully achieved only 
- after 4 to 5 hours.*? With a single exception, 18 all pre- 
vi ous | studies measured changes in vascular resistance 
less than 2 hours after infusion, when the serum digitalis 
concentration was expected to be far above the thera- 
eutic range and the results were not necessarily in- 
Ez ative of the steady state.*? No prior studies evalu- 
| g the acute changes in vascular resistance in patients 
i vith CHF have reported blood digitalis levels. In the 
‘presen study, the serum digoxin concentration in 6 
pe atients averaged 6.6 ng/ml at 1 hour after slow infusion 
* of 1.0 mg of digoxin, in contrast to 1.7 ng/ml in the same 
pe atients 5 hours later. 
To obviate these difficulties, the present protocol was 
ned to evaluate the short-term relation between 
r cardiac pump function, vascular resistance and vaso- 
€ ici ive hormones in a carefully defined group of patients 
- with clinical and hemodynamic evidence of myocardial 
- failure due to cardiomyopathy. Patients with atrial fi- 
al rillation, systemic hypertension, pulmonary disease, 
- valvular disease or high-output states were specifically 
e excluded. All subjects were clinically stable (although 
om noderately disabled) at the time of hemodynamic in- 
te rvention, and measurements were performed 6 hours 
- after infusion. In addition, blood drawn simultaneously 
with the hemodynamic determinations was assayed for 
doin to assure the achievement of a therapeutic 
level. 
P. . Our observations support those of previous investi- 
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£g Hors, who found overall hemodynamic improvement 
pu p aadis i in patients with CHF. The mean increase 
21 E 


st sta t tically significant both at rest and during exercise, 
e nd was accompanied by decreases in left and right 
ventricular filling pressures. However, despite the 
- substantial effects on ventricular function, total SVR 
E l id not decline significantly with digoxin either at rest 
or r during exercise in this study. The resistance response 
J was consistent: total SVR decreased by more than 10% 
A m n only 2 of 11 patients at both rest and during exercise. 
- Improvement in cardiac index and filling pressures in 
_ patients with CHF with no change in total systemic 
"resistance was first described with ouabain by Yanko- 
^p ulos et al!’ in patients at supine rest. In a more recent 
| pa per, Murray et al!? recorded no significant change in 
- any hemodynamic variable with acute ouabain therapy 
xd patients at sitting rest. Total systemic resistance was 
Lows unattered bam upright submaximal exercise, 
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“filling pressure ifd 19 ia ab Kav previous io 
vestigation that evaluated hemodynamic effects more 
than 2 hours after drug infusion, Arnold et al!8 found 
an increase in cardiac index and a reduction in pulmo- 
nary wedge pressure, but no reduction in total systemic 
resistance with digoxin in patients at supine rest; how- 
ever, a significant decline in total systemic resistance 
was demonstrated with maximal supine exercise. In the 
present study, no change occurred in total SVR at either 
rest or during submaximal exercise in patients in the 
sitting position. 

Attempts to explain the vascular effects of digitalis 
in patients with CHF have focused on the known vaso- 
active neurohumoral systems, but a comprehensive 
hormonal-hemodynamic investigation has not yet been 
performed. The present investigation, therefore, sought 
to evaluate in a systematic manner the responses of the 
sympathetic nervous, renin-angiotensin-aldosterone 
and vasopressin systems to digoxin administration in 
the population with CHF, using blood hormone levels 
as indicators of neuroendocrine activity. Because both 
peripheral hormone concentrations‘? and vascular re- 
sponsiveness** may be affected by dietary electrolyte 
intake or concomitant drug use, sodium and potassium 
ingestion was strictly controlled and all medications 
other than the study drug were eliminated. Smoking was 
discontinued and emotional stimuli were kept to a 


minimum in order to avoid raising plasma catechol- . 


amine concentrations.^? In addition, catheterization was 
performed 1!/; days before the study and all blood for 
hormone assays was drawn through the catheter 
(avoiding the trauma of multiple needle insertions). 
Although total SVR did not change in these patients, 
plasma norepinephrine levels decreased consistently 
both at rest and during exercise, apparently confirming 
the postulated withdrawal of sympathetic tone. It is 
unlikely that the reduction in plasma norepinephrine 
levels merely reflects a diminution of the subject’s 
anxiety as increased familiarity was gained with the 
experimental procedure, because control hormone levels 
were unchanged for at least 24 hours; norepinephrine 
is relatively insensitive to invasive procedures,?? and the 
plasma levels of epinephrine—which have been taken 
as independent measures of psychic stress? —remained 


stable throughout. Reduction of plasma norepinephrine 


by digitalis may occur through several routes, including 
enhancement of norepinephrine uptake by postgan- 
glionic nerve terminals 6 and inhibition of norepi- 
nephrine synthesis.?? Activation of high- -pressure baro- 
reflexes by a digitalis-induced increase in systemic 
arterial pressure results in the withdrawal of vasocon- 
strictive sympathetic discharge to blood vessels in 
skeletal muscle, 174? which can be prevented by carotid 
and aortic arch baroreceptor denervation?? or ganglionic 
blockade.*”? No correlation was found in the present 
investigation between the decrease in plasma norepi- 
nephrine and changes in systemic arterial mean pres- 
sure. However, digitalis also sensitizes the arterial 
baroreceptor mechanism directly, even in the absence 
of significant increases in cardiac contractile force or 
arterial pressure. 49,50 In addition, the glycosides enhance 
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y? vagal afferents, which induces vasodilation primarily 


in the renal bed.°!°? Inhibition of catecholamine release 
from the adrenal gland?? is unlikely to have played 
a significant role in our patients, because plasma 
epinephrine, the major catecholamine constituent 
of the adrenal medulla, did not vary with digitalis 
treatment. 

In the present study, a significant correlation was 


= documented between the reduction in plasma norepi- 


nephrine levels and the increase in cardiac output. This 
finding is consistent with the observation that plasma 
norepinephrine and cardiac output are inversely related 
in the CHF patient in the baseline state.?9:?8 Accord- 
ingly, overall improvement in cardiac function owing 
to the inotropic action of digitalis may in itself lead to 
a reduction in sympathetic activity, although the 
mechanisms for this interaction must be determined. 
In addition to the reduction in plasma norepinephrine 
concentrations, the present data revealed a decline in 
PRA in patients with CHF both at rest and during ex- 
ercise after digoxin therapy. Similar results have re- 
cently been reported by Covit et al?! in 6 patients with 
chronic CHF studied at rest. In that report, the per- 


-= centage reduction in PRA was comparable to the one 


observed in this study and the nadir of PRA was noted 
when serum digoxin concentrations were approximately 
2 ng/ml. Covit et al?! also described a decrease in the 
serum aldosterone concentration, which was confirmed 
by the current study. Unfortunately, simultaneous he- 
modynamic measurements were not performed. 

In the present investigation, the decrease in PRA with 
digoxin may have had several origins. 'The highly sig- 
nificant correlation observed with exercise between the 
increase in systemic arterial mean pressure and the re- 
duction in PRA is consistent with the inhibitory effect 
of elevated renal perfusion pressure on renin release,54 
although this relation could not be demonstrated in 
patients at rest. In addition, the glycoside may have 
sensitized the cardiopulmonary baroreflex with vagal 
afferents, augmenting its suppressive effects on renal 
sympathetic nerve activity and, thus, on renin re- 
lease.5L5255 The possibility also exists that digoxin in- 
hibited renin secretion by a direct effect on the renal 
cortex as has been shown in both in vitro? and in vivo?? 
preparations. Among the humoral agents and electro- 
lytes known to promote release of renin,?* plasma epi- 
nephrine, arginine vasopressin, ACTH, sodium and 
potassium levels did not change in this study and thus 
probably did not contribute to the decline in PRA; 
however, local intrarenal effects cannot be excluded 
with certainty. 

Norepinephrine and PRA levels decreased in this 
study despite the reductions in cardiac filling pressures, 
which are normally associated with increased levels of 
these hormones.595? On the contrary, the decrease in 
plasma norepinephrine concentration correlated posi- 
tively with the decline in right atrial pressure. 

In the dog, release of vasopressin, like PRA, is in- 
hibited by cardiopulmonary reflexes with vagal affer- 
ents. However, digoxin in normal conscious dogs does 


. not detectably suppress plasma arginine vasopressin, 


a even AD basal hormone levels are elevated by water 
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restriction.$! Moreover, vasopressin concentrations in — . 
normal human subjects are not affected by loading ota 33 E 
cardiopulmonary or sinoaortic baroreceptors. 62 Re- 
sponses of vasopressin to digitalis therapy in patients - 
with CHF have not previously been reported. Inthe — 
present study, neither arginine vasopressin nor plasma . b 3 
osmolality changed significantly after digoxin. = 
It is interesting that total SVR did not decrease in our — n 
patients despite significant reductions in PRA and | a 
plasma norepinephrine levels. The PRA findings appear A | 
to be consistent with those of previous investigations 
showing a poor correlation between PRA and hemo- Eo. 
dynamic variables in patients with CHF.?9?? The nor- . f. 
epinephrine result was unexpected, however, given the - 
reported correlation between plasma norepinephrine 
levels and total SVR in patients in the baseline state.28 - 
In this study, the vasodilation anticipated from dud | 
plasma norepinephrine levels may have been blocked S 
by the constrictive action of the digoxin itself. On the - 3 T 
other hand, alternative mechanisms are suggested by | B 
the study of Schwartz et al, who found no change in — E : 
vascular resistance in patients with CHF when plasma — a | 
norepinephrine levels were lowered by direct pharma- . ES 
cologic inhibition of catecholamine synthesis. Failure - 
of resistance to decline in both experimental situations . 
might be explained either by inability of the arterioles - " x 
in patients with CHF to dilate normally in response toi E 
withdrawal of sympathetic tone (as has been shown with — 
a variety of vasodilator stimuli9^) or by the existence of — n. 
other influences (possibly neurohumoral in nature) . ij 
which exert a constrictive effect equal in magnitude to . 
the potential vasodilation. Candidates for the latter role | ^3 
include reductions in the vasoactive kinins® or alter- _ 
ations in prostaglandins,® but these possibilities have. 3 b 
not been evaluated. es ab 
In this study, cardiac output increased even though ‘a 
total SVR remained constant and both heart rate and — 
pulmonary wedge pressure decreased. Accordingly, | ‘rs $ 
digoxin appears to have had a potent inotropic effectin g 
these patients with CHF. This conclusion is rena NAN 
ened by the observation that plasma norepinephrine 
levels declined, since sympathetic inhibition can be 
presumed to, if anything, further erode the strength of _ 
contraction of the failing myocardium. In studies re- - 3 
porting a decrease in SVR in patients taking digitalis, - E. | 
augmentation of cardiac output has been, in all cases, — n. e 
greater than that recorded here. However, it is unclear E = 
whether such increases are mainly the result of the di- ^. 
rect effect of digitalis on the heart or of afterload re- ui 
duction due to reflex-dilating actions on the peripnersu a 
vasculature. Because total SVR did not decline in the © 
present investigation, the improvement in ventricular — 
function with digoxin that we observed appears to have Ps 
been entirely a result of enhancement of myocardial — 
contractility. 4 
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The Valsalva maneuver was performed during car- 
diac catheterization in 9 patients who had under- 
gone a Fontan operation (Fontan group) and in 10 
control subjects. The Fontan group had higher right 
atrial (RA) pressure (16 + 1 vs 4+ 0.5 mm Hg, p 
<0.001), lower cardiac index (2.5 + 0.1 vs 3.7 + 0.2 
liters/min/m?, p <0.05), lower stroke index (32 + 
2vs44+2 ml/beat/m/?, p <0.05), and higher sys- 
temic vascular resistance (31+ 1 vs 24+ 1 units, 
p <0.05) than the control group. Four patients in the 
Fontan group had a normal 4-phase Valsalva re- 
sponse, and 5 did not (p <0.05). RA pressure was 
similar in those who responded normally and those 


The Valsalva maneuver—maximal expiration against 
a closed glottis—is considered an excellent physiologic 
test for congestive heart failure.!-* During the maneu- 
ver, systemic venous return is obstructed, cardiac out- 
put decreases, and a reflex increase in systemic vascular 
resistance and heart rate occur. After release of strain, 
cardiac output increases and a characteristic overshoot 
in aortic pressure and pulse pressure occurs, as does 
reflex bradycardia. In patients with congestive heart 
failure, systemic venous return is not effectively di- 
minished and a “square-wave response" with absence 
of the overshoot is observed (Fig. 1). 

Elevated right atrial (RA) pressure and low cardiac 
output have been associated with an abnormal response 
to the maneuver.!-?9»6 Patients who have undergone the 
Fontan operation for repair of congenital heart disease 
(direct RA-to-pulmonary trunk or RA-to-right ventricle 
communications) usually have elevated RA pressure or 
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who did not (16 + 0.5 vs 17 + 1 mm Hg), whereas 

in those who responded normally cardiac index was - 
higher (2.9 + 0.2 vs 2.2 + 0.1 liters/min/m?, p - i * 
<0.05), stroke index was higher (36 + 1 vs 28 4 T 
ml/beat/m?, p <0.05), and systemic vascular re- E 
sistance was lower (28 + 1vs 31+ 1, p <0.05). It - 

is concluded that cardiac output is a better predictor — 

of a normal response to the Valsalva maneuver than — 

RA pressure in patients after the Fontan procedure. - 1 
A normal response to the supine Valsalva ma- de 
neuver suggests a cardiac index greater than — D 
2.4 liters/min/m? and stroke index greater than 31 
ml/beat/m?. (Am J Cardiol 1985;56: 905-909) - 


low cardiac index as sequelae of the operation.7-19 We. 

performed the Valsalva maneuver in patients who had | 
undergone successful repair by Fontan operation to 
determine if a normal aortic pressure response to diam 
Valsalva maneuver is present, and if so, whether the _ a 

patient’s RA pressure or cardiac output are a better - ES p 
determinant of the normal response. 5 


Methods E 


The Valsalva maneuver was performed in 19 patients dur- . 5 E 
ing routine diagnostic cardiac catheterization. A Fontan or 
modified Fontan operation was performed in 9 patients (6 far * 
tricuspid atresia, 2 for single ventricle and 1 for pulmonary 
atresia with intact ventricular septum). Ten patients served fas $ 
as control subjects. Mild congenital heart disease was present 
in 5 (mild aortic stenosis in 2 and mild pulmonic stenosis, So 4 i 
mitral valve prolapse and cervical aortic arch in 1 patient each) — 
and 5 were undergoing electrophysiologic study for localiza- _ E P 
tion of an accessory bypass tract. The mean age of patients — 
with a Fontan operation was 15 + 2 years and that of contro] = 
subjects was 15 + 1 years. The mean interval between opera- . ^ 3 
tion and cardiac catheterization in the Fontan group was 3. — 
+ 1 years. The operation performed was RA- -to-pulmonary re 3 
artery anastomosis in 7 patients, RA to right. vigere X 


in | 







g UM 


Qul he de P 


^ 
yy BH 


Hemodynamic Values at Rest in the Fontan 


5 TABLE | 
Group and the Control Group 
: Fontan Group Control Group 
A (n — 9) (n = 10) p Value 
: Change: in PAP, 46 t 7.0 36 + 4.0 NS 
. end strain (phase I 
b: m nee lil) (mm Hg) 
6 t 1 4 t 0.5 «0.001 
E mmm Hg 
. Cardiac index 2.52 0.1 3.7 X: 0.2 «0.05 
(liters/min/m?) 
_ Soke index 32+2 44+2 <0.05 
ELO beet/m^ 
31 € 1 24 t 1 «0.05 


| à x “(Wood units) 


ES . NS = not significant; PAP = pulmonary artery pressure; RAP = right 
paaral pressure; SVR = systemic vascular resistance. 


x conduit i in 1. This latter conduit was stenotic (15-mm Hg mean 
- gradient) at the time of catheterization. In the Fontan group, 
. 3 patients were in New York Heart Association (NYHA) 
- functional classification class I, 3 were in class II and 3 were 
| -in class III. All control patients were class I. 
_ All patients were supine. In each patient resting values of 
F heart rate (average of 3 RR intervals), aortic pressure, RA 
_ pressure, pulmonary artery pressure and left ventricular 
_ end-diastolic pressure were simultaneously measured. Cardiac 
output was determined by thermodilution and indexed to 
_ body surface area. Stroke index and systemic vascular resis- 
. tance were calculated. In 7 patients in the Fontan group left 
. ventricular ejection fraction was determined from the left 
ventricular cineangiograms using Simpson's rule. 
'To perform the Valsalva maneuver each patient was asked 
to place his thumb in his mouth and expire maximally without 
_ allowing any air to escape. The maneuver was sustained until 
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- FIGURE 1. Normal and abnormal aortic pressure responses to the 
: Valsalva maneuver in patients after Fontan operation. Phase | repre- 
. sents the onset of strain. Phase Il, which has been shortened, represents 
| the maintenance of strain. Phase III is the release of the strain. Phase 
. IV is referred to as the overshoot period. In the normal response during 
. phase |, there is an immediate increase in systolic blood pressure, 
. corresponding to the increase in transthoracic pressure. In phase Il, 
f systemic venous return is obstructed by the increased transthoracic 
: pressure. As a result, systolic blood pressure and pulse pressure fall. 
. Heart rate and systemic resistance increase as cardiac output de- 
. creases. During phase Ill, systolic pressure decreases well below values 
. at rest, reflecting the decrease in transthoracic pressure and cardiac 
. output. Pulse pressure remains low and tachycardia persists. In phase 
_ IV, systemic venous return and cardiac output rapidly increase, causing 
an increase in systolic pressure and pulse pressure. These pressures 
increase above values at rest because of the increased systemic re- 
sistance and produce a reflex bradycardia. In the patient with congestive 
heart failure, the obstruction to venous return does not alter cardiac 
performance. Therefore, pulse pressure and heart rate remain constant 
during phase Il, and return to baseline values at end strain, giving the 
characteristic square-wave" appearance to t the response curve. 


bradycardia. 


the characteristic rise and plateau in aortic diastolic pressure 
was observed, indicating an increase in peripheral resistance. 
Total duration of effort was between 10 and 15 seconds. Heart 
rate, aortic pressure and pulmonary artery pressure were re- 
corded throughout the effort and for 20 cardiac cycles there- 
after. Effort was assessed by measuring the decline in pul- 
monary artery systolic pressure (or a-wave) at the release of 
strain. This decrease was considered to reflect transthoracic 
pressure induced by the strain since there is no significant 
change in cardiac output at the transition from end strain 
(phase II) to release (phase III).!:!? A difference of more than 
20 mm Hg indicated a satisfactory effort (Table I). The re- 
sponse to the Valsalva maneuver was quantitated by assessing 
changes in aortic systolic pressure, aortic pulse pressure and 
heart rate during the maneuver (Fig. 2). For each variable, the 
difference from values at rest was determined at the release 
of strain (phase III) and at the peak pulse pressure during the 
overshoot (phase IV). The number of beats from release of the 
strain to peak pulse pressure was calculated for each patient 
with a normal response curve. A normal response curve was 
defined as having all 4 phases of the characteristic response 
present for each variable (systolic pressure, pulse pressure and 
heart rate). All other responses were classified as abnormal. 

Within each group, mean and standard error of the mean 
were calculated for each variable at rest. The Fontan group 
was further subdivided into normal and abnormal responders. 
Group comparisons were made using the unpaired t test. A 
level of 0.05 was selected as the criterion for significance of a 
positive result. 


Results 


Hemodynamic values measured at rest are presented 
in Table I. The Fontan group has significantly higher 
mean RA pressure, lower cardiac index, lower stroke 
index and higher systemic vascular resistance than the 
control group. Systolic blood pressure at rest (114 + 3 
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^ Aortic Pulse Pressure (Ao pp) 
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b) Ao pp phase IV - Ao pp rest 


Deats to Peak Ao pp 


FIGURE 2. Calculation used to quantitate the shape of the Valsalva 
response curve. A, B and C demonstrate the beats selected to make 
measurements of systolic pressure, pulse pressure and beats to peak 
pulse pressure respectively. Heart rate was calculated as the average 
of 3 RR intervals before strain, at phase lll, and during reflex 
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Es " : ze in both g 4- Bron response ta the maneuver, 4 
d . Fontan patients had a normal response and 5 had an 
m | abnormal response (Fig. 3). At end strain (phase III), 


$i E normal response had a similar decrease in systolic 
|. pressure (40 + 5 vs 37 + 9 mm Hg), decrease in pulse 
AUR pressure (18 + 2 vs 25 + 4 mm Hg), and increase in heart 
d: x rate (29 + 4 vs 20 + 4 beats/min) (differences not sig- 
H ks - nificant [NS]). During the overshoot (phase IV) these 
i groups had similar (NS) increases in systolic pressure 
E» . QT: + 4 vs 30 + 4 mm Hg), and pulse pressure (17 + 3 vs 
=- 904*2mm Hg); reflex bradycardia (—21 + 3 vs —21 + 
is ik _ 4 beats/min). However, the number of beats to peak 
| |. pulse pressure during the overshoot was significantly 
Pre: | in the control group (9 + 1 vs 12 + 1 beats, p 
... <0.05), suggesting delayed transmission of the systemic 


lure . venous return to the left heart in the Fontan group. 
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PHASE III PHASE IV 
(End Strain) (Overshoot ) 
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Valsalva response had no signif cant. change fos 
values to the release of strain or during the o 
in systolic pressure (—6 + 8 mm Hg, end strain; -: 2 4 a | 
mm Hg, overshoot), pulse pressure (1 + 6 mm. Hg, enc 
strain; 5 + 2 mm Hg, overshoot), or heart rate (2 
beats/min, end strain; 3 + 2 beats/min, overshoot 
Compared with patients in the control ec atient 
in the Fontan group with an abnormal response hac 
statistically different systolic pressure, pulse p press 
and heart rate responses at end strain and du uri ng " he 
overshoot (Fig. 3). Ie 
Figure 4 is a comparison of RA pressure, ca 
index, stroke index and systemic vascular re 
between the 2 Fontan groups. RA pressure didnot t differ 
significantly between the 2 groups (16 + 0.5 vs 5 721 | 
mm Hg); however, those with a normal response he id; A 
higher mean cardiac index (2.9 + 0.2 vs 2.2 +0 0.1 
liters/min/m?, p «0.05) and higher stroke index (3€ T 
1 vs 28 + 1 ml/beat/m?, p <0.05). A cardiac index of 2.4 
liters/min/m? or less and a stroke index less t 3 
ml/beat/m? were associated with an abnormali i 
response. Systemic vascular resistance was also: sig 4 DEN 
icantly lower in the normal response group (28 + lv 
+ 1 units, p <0.05). In both groups mean left ventr ct lar — 
end- diastolic pressure was 8 + 1 mm Hg. Among i ne rs 
patients with Fontan operation in whom an e n 
fraction was measured, the 3 patients with the hi nig] h i est ft 
ejection fractions (70%, 76% and 78%) had a noi ‘mal 
response to Valsalva maneuver and 4 (range 31 to6 1%) 
had an abnormal response. Three of the 4 patients w ith. 1 
a normal response were in NYHA functional classif " 
cation I and 1 patient was in class II. AII patients v W yho | 
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VALSALVA MANEUVER eek FONTAN OPERATION 


- responded abnormally were in functional class II or 


a 


greater. Thus, in our patients who have undergone a 


. Fontan operation, response to the Valsalva maneuver 
- is independent of RA pressure and appears to be related 


Ser 


_to cardiac performance as reflected by assessment of 
cardiac output, stroke volume, ejection fraction and 
NYHA functional classification. 


Discussion 
The Valsalva maneuver initiates a complex sequence 


. of hemodynamic and reflex responses in the normal’? 
- subject (Fig. 1) and fails to initiate this sequence in the 


- 


7 3m—- 


ERE —— 
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patient with congestive heart failure because systemic 


venous return is not sufficiently obstructed during the 
 maneuver.??.L12? The characteristic fall in systolic 


pressure and pulse pressure below baseline at the release 
of strain, subsequent overshoot of systolic pressure and 
pulse pressure, and reflex heart rate responses are ab- 
sent in the latter group. Several studies indicate that 


- elevated RA pressure and right ventricular dysfunction 


_ cause an abnormal response to the Valsalva maneuver. 
- An abnormal response has been found in patients with 
- right ventricular failure secondary to cor pulmonale or 


pulmonic stenosis.'? Judson et al? correlated the 


presence of an abnormal response with elevation of right 
ventricular end-diastolic pressure and speculated that 
patients with left-sided heart failure or left-sided ob- 
struction would not develop an abnormal response un- 
less elevations of right ventricular end-diastolic pressure 
were also present. By producing an acute volume load 


- in patients with a normal response and thus increasing 


wave." 
pressure, such as venesection or the placement of thigh 
cuffs altered abnormal responses to normal. O'Neill and 
" Cudkowicz studied patients with normal and abnormal 


RA pressure, Judson changed the response to a "square 
Conversely, maneuvers that diminished RA 


- responses to Valsalva maneuver and demonstrated el- 
- evated RA pressures (mean 16 mm Hg) in patients with 


an abnormal response. Wilkinson et al? performed 
Valsalva-like maneuvers in anesthetized dogs and 
studied the effects of changes in blood volume and RA 


pressure. They concluded that an abnormal response 


could be induced by increasing central blood volume. 


- Elevation of RA pressure produced by the increased 


blood volume increased effective RA pressure (RA 


pressure — transthoracic pressure), prevented ob- 
struction of venous return, and thus caused an abnormal 


. response to the maneuver. 


Because patients who have undergone a Fontan op- 


- eration have elevated RA pressures?-19.14-16 and either 


lack or have a poorly functioning right ventricular 
pump, the above clinical and experimental studies 
would suggest that patients should have an abnormal 


. response to the Valsalva maneuver after they undergo 
. the Fontan procedure. Why, then, did 4 of our 9 patients 


have a normal response? The data suggest that the most 
important determinant is left ventricular performance. 
The Fontan operation establishes an essentially passive 


— channel between the systemic venous return and the 


pulmonary circulation. Pulmonary flow and RA pres- 
sure are, in large measure, dependent on left ventricular 


= end-diastolic pressure, resistance of the pulmonary 
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circulation and resistance of the conduit. RA pressure 
under these circumstances is expected to be elevated 
because it will reflect the total resistance to flow. Our 
patients with elevated RA pressure but higher cardiac 
index, stroke index, and left ventricular ejection fraction 
had normal responses to the Valsalva maneuver. We 
postulate that in those patients, the left ventricle drains 
the pulmonary vasculature during the strain. Effective 
RA pressure is sufficiently low to obstruct venous return 
and remains low because of an effective left ventricular 
pump. When strain is released, the dammed venous 
return is transmitted to the left side of the heart, pro- 
ducing overshoot. Patients with low cardiac index be- 
cause of left ventricular dysfunction will not have low 
effective RA pressures at the onset of strain and will not 
effectively drain their pulmonary circulation during the 
strain. Systemic venous return will not be occluded and 
cardiac output will remain unchanged, thus producing 
a “square-wave response.” 

Patients with right ventricular failure secondary to 
cor pulmonale or pulmonic stenosis have elevated RA 
pressures because of obstruction to pulmonary flow, 
poor right ventricular compliance and increased blood 
volume in the venous capacitance vessels.!? These fac- 
tors contribute to maintaining a higher effective RA 
pressure during the Valsalva strain, failure to diminish 
venous return, and the subsequent abnormal re- 
sponse.?^ Indeed, in 1 of our patients with an obstructed 
conduit, obstruction contributed to a low cardiac index 
and an abnormal Valsalva response. 

Patients who responded abnormally after the Fontan 
operation had poorer cardiac function as assessed by 
cardiac index, stroke index and ejection fraction, but 
their left ventricular end-diastolic pressures were sim- 
ilar to those of the patients who responded normally and 
were within the normal range of values. This similar left 
ventricular end-diastolic pressure value accounts for the 
similarity in RA pressure between groups (the only 
exception being that patient with an obstructed valved 
conduit and RA pressure of 22 mm Hg). The explana- 
tion for the similarity in pressures, despite marked 
differences in measured overall cardiac performance, 
may relate to the difference in the determinants of left 
ventricular preload in Fontan patients compared with 
patients with structurally normal hearts. In the struc- 
turally normal heart, left ventricular failure results in 
pulmonary congestion, elevation of pulmonary venous 
pressure and, when severe, right ventricular failure. In 
patients who have undergone the Fontan operation, and 
have direct RA to pulmonary artery continuity, there 
is no pulmonary valve and no effective right ventricular 
pump. When the left ventricle fails, it has not only the 
pulmonary circulation, but the whole venous capaci- 
tance as a reservoir. Thus, a much larger increase in 
blood volume may be necessary to increase left ven- 
tricular end-diastolic pressure in patients who undergo 
the Fontan procedure.!? 
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VENTRICULAR REMODELING IN 
MYOCARDIAL INFARCTION—THE 


RAT AND THE HUMAN 


‘The excellent analysis by Roberts et al! of left 


ventricular (LV) remodeling in a rat infarct 


. model makes several observations that 


should be related to LV remodeling in the 


— human after acute myocardial infarction. 
. Infarct expansion is defined as stretching and 
- thinning of the infarct zone after AMI and it 


- leads to LV dilatation and distortion.” Data 
of Roberts et al? show that any increase in LV 


cavity size in the rat 2 days after AMI is due 


- to tissue resorption in the infarct zone, inas- 


. much as there is no increase in the outer LV 


dimensions at that time; i.e. there is no in- 


crease in infarct segment length. In contrast, 


. our 2-D echocardiographic (echo) studies in 


humans have shown dramatic increases of 


- infarct segment length up to twice normal 
- within the first 24 hours and as soon as 90 
minutes of the onset of chest discomfort, 
before inflammation or tissue resorption has 
 begun.* In humans, marked increases in ra- 


= diographic cardiac sillhouette size in the early 


hours of AMI also speak for an increase in 


external heart size, which in our 2-D echo 
studies is primarily due to infarct expansion 


— rather than the Starling effect.*° 


Infarct zone scar contraction over several 
weeks in the infarct segment, reported in the 
study of Roberts et al, is consistent with 
similar findings by Theroux et al in the ca- 


— nine infarct model. We observed a similar 


tendency in the infarct zone in our long-term 


-. 9.D echo studies of infarct patients, but only 


in those without infarct expansion." In pa- 


tients with infarct expansion, the infarct 


.. segment tended to increase in length over a 


mean 13-month follow-up. “Compensatory” 


-lengthening of the noninfarcted segment over 


3 weeks was seen in Roberts' study, an ob- 


- servation we also made in patients with in- 


farct expansion in long-term follow-up.’ 
The data in this article also show the in- 


— dependence of LV wall thinning and infarct 


. used interchangeably. These 2 phenomena. 
_ are functionally related to each other only in 
the first hours of AMI, when stretching of 


expansion, terms that have sometimes been 


myocardium necessarily leads to a decrease 


in wall thickness. However, the tissue re- 


sorption and scar replacement of necrotic 


.. myocardium come under the influence of the 
. multifactorial processes of healing, which 


. may well lead to variability of wall thickness 


- independent of the degree or even the pres- 


ence of infarct expansion as shown in this 
study. 

In summary, there appear to be major 
differences in the topographic behavior of the 


rat heart after AMI compared to the human. 





* Letters (from the United States) concerning a 


~ particular article in the Journal must be received 


within 2 months of the article's publication, and 
should be limited (with rare exceptions) to 2 dou- 
ble-spaced typewritten pages. Two copies must be 
submitted. 


Although studies such as this help to focus 

attention on the importance of infarct-asso- 

ciated topographic changes, they point out 

that models more closely mimicking the 
human infarct are needed. 

Jay Allen Erlebacher, MD 

New York, New York 

31 August 1984 
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SYSTOLIC TIME INTERVALS IN 
CORONARY HEART DISEASE AT 
REST AND DURING EXERCISE 


Vanhees et al! present interesting and prac- 
tical conclusions on the effect of 8-adreno- 
ceptor blockade on physical training and 
exercise. I was surprised, however, at some 
important details of the protocol as pub- 
lished. I have no quarrel with their conclu- 
sions regarding the effect of 8-adrenoceptor 
blockade. Can they clarify the following: (1) 
It appears that all 28 patients both achieved 
exercise at 110 W and had adequate recording 
of systolic time intervals (STI) by ordinary 
methods (i.e., methods virtually immune to 
motion artifact like the ear densitogram? 
were not used). They do not specify whether 
a funnel, a balloon or a pressure sensitive 
device was positioned over the carotid artery. 
With these “standard” pickups, it is common, 
as with PCG microphones, for many exer- 
cising patients to produce considerable arti- 
fact.? It is thus surprising that satisfactory 


data could be obtained from all 28 patients.. 


(2) The investigators analyzed only 3 con- 
secutive beats (usually 10 or even 5 consecu- 
tive beats are averaged for STI). Perhaps this 
was because of technical beat-to-beat varia- 
tion due to motion artifacts, but this would 
not permit averaging over the respiratory 
phases, and respiratory effects during exer- 
cise are exaggerated. Were the patients re- 
corded during voluntary apnea? (3) The 
preejection period (PEP) is described as 
significantly affected by heart rate (HR). 
However, it has been shown repeatedly that 
direct HR effect is unlikely, and that PEP 


and HR are individually under the influence 
of sympathetic tone at rest and sympathetic 
stimulation during exercise. They further 
indicate that they used PEPc, because they 
were attempting to allow for HR*. They dis- 
cuss *PEPc" referring to Table VI. However, 
Table VI mentions PEP, not PEPc in its title. 
If this, in fact, is PEPc, it would be possible 
to extract PEP by considering the HR. For 
example, a rough estimation from Figure 1 for 
HR at 110 W gives the following approximate 
HR: no 8 blockade— before training, 131 
beats/min; after training, 111 beats/min; with 
B blockade— before training, 112 beats/min; 
after training, 103 beats/min. If we then ar- 
bitrarily apply Weissler's slope factor for 
PEP vs HR, 0.4, we can recalculate the un- 
corrected PEP as 48, 28, 33 and 47 ms, re- 
spectively. (These will be wrong if Vanhees 
et al used a different “correction”—but di- 
rectionally correct). These PEP results in- 
dicate much greater relative changes than are 
shown in the table and may be highly signif- 
icant for the difference between treatment 
groups. The text is unclear as to whether 
Table VI is really PEP or PEPc. Further- 
more, in any article on STI the actual HR at 
every point should be given. 

These comments are made not so much in 
direct criticism of an otherwise excellent 
work, but rather in search of clarification. 

David H. Spodick, MD 
Worcester, Massachusetts 
10 September 1984 
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REPLY: In response to the letter of Spodick, 
the following may clarify the various prob- 
lems raised: (1) The carotid pulse was ob- 
tained by a funnel device (pulse transducer 
Siemens 860-2). During exercise it was at- 
tempted to position the device so that ade- 
quate recordings were obtained, which, at the 
pretraining evaluation, was successful in 39 
patients. Of these, 11 were lost to study for 
problems not related to methodology. We 
failed, however, to register adequate pre- 
training data at exercise in 9 other patients, 
who were therefore excluded from further 
study. (2) The recordings were made at end- 
expiration during brief periods of voluntary 
apnea, both before and after training. We 
agree that adequate recordings would not be 
possible at exercise throughout respiration. 
The variation in 3 consecutive beats recorded 
in held respiration during exercise is suffi- 
ciently small so that the average of 3 beats is 
adequate. (3) For comparison of STI before 
and after training, analysis of covariance was 
applied. For PEP at rest in the recumbent 
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NI position, HR v was B. a significant Conde; 

. which is in agreement with the data of Spo- 

dick and others. At exercise, however, HR 
was a significant covariate for PEP, so that 
the correction of PEP for HR was considered 
mandatory. (4) All reported STI in tables and 
figures are measured STI. The statistical 
comparisons were made on the basis of 

. analysis of covariance; since HR was a sig- 

nificant covariate for left ventricular ejection 


eis | time (LVET) and PEP during exercise, the 


F values for the effect of training are based on 

LVET, and PEP, (i.e. taking HR into ac- 
count). 

Luc Vanhees, MD 

Robert Fagard, MD 

Antoon Amery, MD 

Leuven, Belgium 

19 October 1984 


BALLOON DILATATION CATHETER 
SIZE SELECTION 


I read the recently published Proceedings of 
the National Heart, Lung, and Blood Insti- 
tute (NHLBI) Workshop on the Outcome of 
Percutaneous Transluminal Coronary An- 
gioplasty (PTCA).! In that review, Cowley et 
al reported that coronary arterial dissection 
is more frequent in women, in dilatations of 
the right coronary artery, in patients with 


. more advanced multivessel disease, or in 


. vessels with tubular, nondiscrete or eccentric 
lesions.” I question whether some of these 
may not have been patients in whom coro- 
nary diameter was smaller. I am writing in 
hopes of stimulating more discussion of the 
choice of balloon dilatation catheter size. 
Previous experience in our laboratory was 
patterned after that reported by Gruentzig 
and Meier? in the same workshop with “al- 
most all" cases being done with 3.0-mm outer 
diameter balloon catheters and 2.0-, 2.5- and 
3.7-mm sizes being used for special situations 
only. More recently, however, I have consid- 
ered that coronary dissection should be more 
frequent if overdilatation is performed. 
Consequently, I have recently been trying to 
match more objectively the balloon catheter 
size to the desired lumen diameter. This was 
first done using measurements from cali- 
brated 105-mm films and a 5-inch image in- 
tensifier. Equally accurate selections can be 
made, however, simply by comparison of 
desired lumen size to the diameter of arteri- 
ographic catheters on cineangiograms. The 
1/3-mm and French size relation is useful to 
remember: French size: 6, 7.5, 8, 9, 10.5, 11.1; 
diameter in mm: 2.0, 2.5, 2.67, 3.0, 3.5, 3.7. If 
this were used in selecting a dilatation cath- 
eter, the 3.0-mm balloon would be chosen 
when the desired arterial diameter was equal 
to the diameter of a 9Fr guiding catheter. 

I suspect that established investigators 
(such as those who participated in the 
NHLBI Workshop), from experience, can 
make the catheter selection accurately 
without such a formal comparison. An- 
. giographers who perform angioplasty less 
often may find it helpful. I would appreciate 
the comments of other investigators as to 
whether they believe individualization of the 
balloon size is likely to be helpful. In addition, 
it would be interesting if one of the major 
Kia or Rd p aneloplaety ead con- 
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duct a retrospective review in which balloon 
dilatation catheter size was converted to a 
percentage of optimal arterial luminal di- 
ameter. A comparison of a group of patients 
with long-term good result, a group with re- 
stenosis, and a group with arterial dissection 
may be able to establish whether relative 
balloon size is a factor in either dissection or 
restenosis. 
Edwin W. Rogers, MD 
Pensacola, Florida 
11 September 1984 
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REPLY: The selection of balloon dilatation 
catheters to more closely approximate the 
size of smaller arteries may reduce the risk of 
coronary dissection but may also have an 
adverse effect on lesion recurrence rates. Data 
from this institution,'? however, suggest that 
coronary dissection is largely a function of 
lesion morphology and agrees with the find- 
ings of the NHLBI Registry (Ref. 2 above). 

Higher inflation pressure, which in part 
influences balloon diameter, is a major de- 
terminant of expansile stress within the ar- 
tery. A modest increase in balloon inflation 
pressure does not increase the incidence of 
acute complications or dissection but im- 
proves the immediate haemodynamic results 
and may have had a favorable effect on lesion 
recurrence? More recent data confirmed the 
importance of a satisfactory final transsten- 
otic gradient in reducing the recurrence 
rate.5^^ Whether this is best achieved by 
longer balloon inflations, higher inflation 
pressures or larger balloon sizes is un- 
known. 

Preliminary reports from other centers 
have suggested that a larger balloon diame- 
ter/arterial diameter ratio does not increase 
the risk of dissection®’ but may significantly 
reduce recurrence rate.” We are currently 
undertaking a study examining the influence 
of balloon size on acute complication and 
recurrence rates. However, more severe de- 
grees of intimal dissection are certainly as- 
sociated with increased risk of acute closure 
and emergency coronary surgery.? Until de- 
finitive results are available, it would be 
prudent to carefully match balloon size to 
arterial lumen diameter, remaining on the 
smaller side of the scale. Our approach has 
been to do this by referring to the known di- 
ameter of the 8Fr or 9Fr guiding catheters. In 
practice this usually results in choosing a 
3.0-mm balloon while occasionally using 
balloons of 2.5 mm or 3.7 mm in diameter 
(Ref. 1 above). 

Gary S. Roubin, MBBS 
Pierre P. Leimgruber, MD 
Andreas R. Gruentzig, MD 
Atlanta, Georgia 

3 December 1984 
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REPLY: Rogers’ questions and comments N 

regarding dilatation catheter size selection ' e 

are useful. Concerning factors associated uv 

a higher frequency of dissection in the ~~ 

NHLBI PTCA Registry, the incidence of. ei- 

ther intimal tear (not a complication) or 4 | 

coronary dissection (a complication) was — 
significantly higher in women, with PTCA of © 
the right coronary artery, in patients wit i^ TH 

multivessel disease, and in those with tubu- - y 

lar, nondiscrete, or eccentric lesions (Ref. 2. 

in Rogers' letter). It is likely that the higher _ 

incidence in women was related to smaller - 

vessel size. Although data on vessel size are © E 

not available in the registry, body size has jt 

been shown to correlate with coronary artery | 

size! and women in the registry were signifi- a 

cantly smaller than men (mean body surface id 

area: 1.70 vs 1.96, p «0.001). Despite these — $; 

size differences, a 3.0-mm balloon was the 3 

smallest one available during most of the 

registry experience and was used in most men M 

and women. A relation between vessel size 

and the higher incidence of tear/dissection 
with right coronary artery PTCA, multivessel | ^ 
disease and specific lesion morphology is not ia 
evident from the registry data. 
The question of appropriate matching of | È A ká 

balloon size and vessel size addresses an im- 

portant i issue in view of the variety of balloon | ! 

sizes currently available and the expanded 

application of coronary angioplasty to smaller E: 

vessels and more distal lesions. Individual- _ bi 

ization of balloon size selection is a sound — Pu | 
approach that should be strongly recom- 

mended. It is likely that the risk of major PA 1 

plaque disruption and occlusive dissection is _ Ti: e P 

higher with overdilatation, and proper bal- - M. 

loon/vessel sizing should reduce the occur- — 

rence of overinflation. However, precise de- . 2i 
termination of vessel size is confounded by !à SE; 

the substantial degree of physiologic vaso- 1 

reactivity of the coronary vasculature. These 

vessels are frequently significantly larger in 2 "a 

caliber at the time of angioplasty compared . 

with their size at diagnostic angiography, * 

which is likely due to the liberal vances m 

therapy administered in conjunction v hs , 

PTCA. Estimation of vessel size, therófoie Se 
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mation of vessel caliber and may underesti- 
mate lumen diameter at the time of dilata- 
tion. In addition, balloon size frequently in- 


creases beyond the specified predetermined 


diameter at high inflation pressures due to 


-. the compliance characteristics of the balloon 


material, so that overdistention may occur at 
high pressures despite appropriate balloon 
size selection. With these qualifications in 


. mind, it is nevertheless desirable to individ- 


‘ 
" 
t 


ualize balloon size selection to approximate 


an optimal inflation diameter for each vessel 
segment to be dilated. The method of sizing 
. using angiographic catheter French size 


suggested by Rogers provides a simple and 


» practical approach for balloon catheter 


selection. 


The potential role of relative balloon size 


to optimal arterial lumen diameter as a de- 


. terminant of either dissection or restenosis 
- should be carefully evaluated. Although ov- 


. erdilatation may be associated with an in- 


creased risk of dissection, the incidence of 


restenosis appears to be lower when a more 


| 


| 


— Reply above). Evaluation of the effects of 


complete dilatation is achieved. This is sug- 


. gested from the registry report on restenosis, 
which demonstrated a significant relation 
" between the residual gradient after PTCA 


ng 


and the frequency of restenosis (Ref. 5 in 


procedural factors such as relative balloon 


- size, maximal inflation pressure, and duration 


of inflation on acute outcome and restenosis 


. using currently available catheter systems 
is clearly needed and should be of consider- 


^ 


| 
i^ 


able value toward further improving early 


and long-term results with coronary 
angioplasty. 

Michael J. Cowley, MD 

Richmond, Virginia 

13 October 1984 


1. Roberts CS, Roberts WC. Cross-sectional area of the 
proximal portions of the three major epicardial coronary 
arteries in 98 necropsy patients with different coronary 
events. Relationship to heart weight, age and sex. Cir- 
culation 1980;62:953-959. 


SYMPATHETIC TONE IN 
CONGESTIVE HEART FAILURE 


The study by Swedberg et al,! which at- 
tempted to assess myocardial catechol- 


. amine balance in patients with congestive 


heart failure (CHF), had major methodolo- 
gic flaws. As Swedberg et al stated, the dis- 
position of norepinephrine (NE) (after re- 
lease) is complex, the spillover to plasma 
being determined by both neural release 
and neuronal and extraneuronal uptake. 
Their calculations did not take account of 


. these factors. Because NE is both released 


to and extracted from plasma, a simple pro- 
portional decrement in concentration is not 
an acurate measure of extraction. The use 
by Swedberg et al of the Fick equation (un- 
corrected for NE extraction) to derive *NE 
release" was inappropriate for the same rea- 
son. Finally, the combination in their calcu- 
lations of plasma catecholamine concentra- 
tions and whole blood rather than plasma 
flow was inappropriate. 

Swedberg et al rejected the possibility 
that their results were influenced by the di- 
uretic therapy of patients with CHF, be- 
cause one-third of their control subjects 
were taking a diuretic drug. Most of the 
study group appeared to have taken a loop 
diuretic for CHF, whereas at least some of 
the control group took a thiazide diuretic for 
systemic hypertension. Diuretic therapy 
does increase NE turnover.? The possibility 
that therapy influences the results of Swed- 
berg et al cannot be excluded. 

An alternative method, which does ac- 
count for both NE release and extraction, 
exists for the estimation of total and region- 
al sympathetic tone.?4'A tracer infusion of 
3H-NE allows the calculation of release 
(Ryne) and clearance (Cng) of NE: 


pre rate of infusion (dpm/min) 
NE specific radioactivity of plasma (dpm/pg) 


and 


rate of infusion (dpm/min) 
plasma?H-NE concentration (dpm/ml) 


Plasma flow is calculated from blood flow 
and the arterial hematocrit. Regional ex- 
traction of ?H-NE (Eprir) is used to correct 
the Fick equation in the calculation of re- 
gional NE release: Regne = [(NEy — NEA) + 
NE,4:ErniT] X organ plasma flow. The 
methods have been used to evaluate sympa- 
thetic function in normal humans,» and 
in patients with essential hypertension,* 
thyroid disease," autonomic insufficiency? 
and hepatic cirrhosis. The effects of sympa- 
thetic and antidepressant drugs have been 
studied.?6 

It is appropriate and desirable that stud- 
ies of regional sympathetic tone be per- 
formed in patients with CHF. However, it is 
essential that such invasive studies separate 
the effects of the disease from those of its 
treatment, and use a method that takes ac- 
count of the bidirectional fluxes of NE in 
tissues. 


Cyr = 
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3 January 1985 
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REPLY: We greatly appreciate the criti- 
cisms and suggestions of Hasking, Esler and 
Jennings regarding our report on myocardi- 
al catecholamine balance in CHF. We are 
aware of alternative methods to assess total 
and regional sympathetic tone with the use 
of tracer infusion and completely agree that 
without the knowledge of neural release and 
neuronal and extraneuronal uptake, the sig- 
nificance of increased myocardial norepi- 
nephrine release in patients with CHF re- 
mains uncertain. We like to reemphasize 
that our study did not report the ''disposi- 
tion of norepinephrine after release" and 
this has been stated as Hasking et al noted. 
The catecholamines were assayed by ra- 
dioenzymatic method, the validity of which 
is well known. The hematocrits in the 2 
groups of patients were virtually identical. 
Thus, estimation of net myocardial NE 
release, by determining the coronary 
sinus blood flow, appears to be a valid 
technique. 

Although it is known that diuretic thera- 
py can influence catecholamine release, we 
did not find in our patients any differences 
in the catecholamine concentrations in rela- 
tion to the diuretic therapy. Thus marked 
increase in NE concentration in coronary 
sinus venous blood and an approximately 
20-fold increase in net myocardial NE re- 
lease in patients with overt CHF cannot be 
explained by diuretic or any other prior 
pharmacologic intervention. We agree that 
without further studies, as suggested 
by Hasking et al, the significance of the 
enhanced myocardial NE release remains 
uncertain. 

Kanu Chatterjee, MB, FRCP 
San Francisco, California 
29 January 1985 





An important new book gc 
on an equally important : Es 
subject whose 
understanding is crucial clini 

PO goardo? s, 


to all physicians who 
diagnose, manage, and  : ” 
treat heart disease. 


Clinical 
Echocardiography 


Hemodynamic and Pathological Correlations 


by Jose Missri, MD 
0-914316-41-9, 282 pages, 173 illus., Oct..’84, $45.00 


Dr. Missri has produced a unique contribution to the further 
understanding and application of Doppler echocardiography in 
the clinical practice of medicine. This book provides the reader 
with ready access to a body of knowledge so logically and clearly 
presented that its practical utility is undeniable. Enhanced by 
139 halftones, 16 line drawings and 18 tables, the information 
contained within its concise 282 pages is easily absorbed. And 
the 315 references cited not only support the material presented 
but serve as an excellent guide to anyone interested in further 
in-depth reading. 


Table of Contents in brief 


sy peed 


tip Fra mh gr 








PRINCIPLES OF INFARCTION 
ECHOCARDIOGRAPHY AND PERICARDIAL DISEASE 
ECHOCARDIOGRAPHIC ANATOMY  INFECTIVE ENDOCARDITIS 


DOPPLER ECHOCARDIOGRAPHY PROSTHETIC VALVE MALFUNCTION 


AORTIC VALVE DISEASE CONGENITAL HEART DISEASE IN 
MITRAL VALVE DISEASE THE ADULT 
TRICUSPID VALVE DISEASE DISEASE OF THE AORTA 
CARDIOMYOPATHY CARDIAC TUMORS 
ISCHEMIC HEART DISEASE AND APPENDIX 
ACUTE MYOCARDIAL 
BE TS sy a a ei oe j 
Yorke Medical Books Ane 


Box C-757, Brooklyn, NY 11205 
Please send me __ copy(ies) of Clinical Echocardiography (00038) $45.00. 


O Enclosed is my check for which includes $1.50 handling. Yorke pays postage. 





T 
| C] Please bill my O VISA (J MasterCard | 
| Card no. | 
| EM eee a nee 
| O Please bill me plus postage and $1.50 handling (U.S. and Canadian orders) | 
| NAME | 
| ADDRESS | 
| 0000 ee en ae a) a TURO o 
Subscribers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders | 
| must be prepaid in U.S. funds with a check draun on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders to | 
| be shipped outside the U.S. and Canada. | 
o LU aer jose berg a Dos ausiey suni qut; PE duo dips aeri bip T db cid 


NITROSTAT® 
(nitroglycerin tablets, USP) 


Before prescribing, please see 
full prescribing information. 
A Brief Summary follows: 


INDICATIONS 


 Nirroglycerin is indicated for rhe prophyloxis, 


treatment and management of patients 
with angina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is conrra- 
indicared in parienrs with early myocardial 
infarction, severe anemia, increased inrra- 
cranial pressure, and rhose with a known 
hypersensitivity ro nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effec- 
rive relief of the acute anginal attack 
should be used. Excessive use may lead ro 
rhe development of tolerance. Nitrosrar 
tablets are inrended for sublingual or buc- 
col adminisrrarion and should nor be swal- 
lowed. The drug should be discontinued 

if blurring of vision or drying of rhe mourh 
occurs. Excessive dosage of nitroglycerin 
may produce severe headaches. 


ADVERSE REACTIONS 

Transienr headache may occur immedi- 
ately after use. Vertigo, weakness, palpita- 
rion, and other manifestations of postural 
hyporension may develop occasionally 
particularly in erect, immobile parients. 
Syncope due ro nirrare vasodilation has 
been reported. Alcohol may accentuare 
the cerebral ischemia symproms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under rhe 
tongue or in rhe buccal pouch ar rhe firsr 
sign of an acute anginal attack. The dose 
may be repeated approximately every five 
minutes until relief is obrained. Nirrosrar 
may be used prophylacrically five ro ren 
minutes prior ro engaging in activities 
which might precipitate an acute attack. 


HOW SUPPLIED 

Nitrosrar is supplied in four strengths in 
oortles containing 100 roablers each, with 
color-coded labels, and in color-coded 
Patient Convenience Packages of four 
bottles of 25 roblers each. 


0.15 mg (1/400 grain): 
N 0071-0568-24 — Dortle of 100 tablets; 
N 0071-0568-13— Convenience Package. 


0.3 mg (1/200 grain): 
N 0071-0569-24 — Dortle of 100 tablets; 
N 0071-0569-13— Convenience Package. 


0.4 mg (1/150 grain): 
N 0071-0570-24 — Dortle of 100 roblers; 
N 0071-057048— Convenience Package. 


0.6 mg (1/100 grain): 
N 0071-0571-24 — Dortle of 100 roblers; 
N 0071-0571-19— Convenience Package. 
0568G060 


PARKE-DAVIS 


Div of Warner-Lambert Co 
Morris Plains, NJ 07950 


OF PROTECTING d 
S MG (1/1509 
TS OWN. z-- NITROSTAT 


sore (nitroglycerin tablets, USP) 
















-n 
m 


Justi Al, Too, has built-in prorecrion— 

prof | Óglycerin. In fact, NITROSTAT is more > 
stable than conventional nitroglycerin tablets under all conditions 

of temperature and humidity rested. 

Dur rhar's nor all. Average assay still shows berrer than 100% of label 
claim for ar least 60 months after manufacture of NITROSTAT. Because 
of this stability NITROSTAT has a five-year expiration dare* 

Whars more, only NITROSTAT Tablets are available in convenient 
packages of 4 x 25 tablets. So emergency angina relief can be ready 
when needed in four different locations. “Because of its rapid action, 
long-established efficacy and low cosr, nitroglycerin is the mosr useful 
drug among rhe organic nitrates that can be given sublingually"' 
NITROSTAT... useful alone or as concomitant therapy with long-acting 
nitrates or propranolol. 


*Five-yeor expirarion dore when stored or recommended sroroge condirions in an unopened borrle 
Doro on file, Medical Affairs Depr, Parke-Dovis vx 





REFERENCE: 1. Needleman P Johnson EM Jr. Vasodilarors and rhe rreormenr of angina, in Gilman AG, Goodman LS, Gilman A (eds): 
Goodman and Gilman's The Pharmacological Dosis of Therapeutics. ed 6. New York, Macmillan Publishing Co, Inc, 1980, pp 819-833 


Please see preceding page for brief summary of prescribing informarion. 





PARKE-DAVIS 


Division of Warner Lomberr Company 
© 1983 WornerLomberr Company Morris Plains, New Jersey 07950 PD-58-JA.1408-P-1(12-82) 


CARDIOLOGY 





e 7156 MIAMI: 
Metoprolol in Acute Myocardial Infarction 


* Editor: 
Ake Hjalmarson, MD, PhD 





A YORKE MEDICAL JOURNAL 


m 





The American Journal of 


prye Tw*i INS 35 "TES ni TR TH qu" xw x > at 


EAT AER pte 


N 


k” 
at 


“CARDIOLOGY. 


Ie PSS. ae Beer Eu Yew ee Ss ASE Le 7 
one ` - "A DAL es un. a^ Juv ee AS = | 





Tay E S: 
s {<3 naw : d ARR 

| j 

i >. 4 
. 





Editor-in-Chief 
WILLIAM C. ROBERTS, MD 
Bethesda, Maryland 


Symposium Manuscript Editor 
MARGARET E. PHELAN 
New York, New York 











THE AMERICAN JOURNAL OF CARDIOLOGY.* (ISSN 0002-9 149) November 22, 1985, 
Vol. 56, No. 14 (USPS: 505-750). 


Member, American Business Press, Inc. and Audit Bureau of Circulations. Published once 
in June, 2 times in February, March, May and October, 3 times in January, April, July, 
August, September and November, 4 times in December, by Technical Publishing, a 
Division of Dun-Donnelley Publishing Corporation, a Company of The Dun & Bradstreet 
Corporation, John K. Abely, President. Executive, Editorial and Advertising Offices: 875 
Third Ave., New York, NY 10022. Printed in Easton, PA. 


SUBSCRIPTIONS: Solicited only from cardiologists and other physicians. Publisher reserves 
the right to refuse unqualified subscribers. Subscribers agree that no article or any part 
thereof published in any editions of the American Journal of Cardiology received under 
this subscription agreement may be copied, recorded or reproduced in any form or by any 
means, electronic or mechanical, including, among other things, photocopying or the storing 
of part or all of such articles on any information retrieval system, without the written per- 
. mission of the Publisher. Address correspondence regarding subscriptions and changes 
of address to: THE AMERICAN JOURNAL OF CARDIOLOGY, 875 Third Ave., New York, 
NY 10022. Please include your zip code and, in case of change of address, copy of old 
address label. Changes of address must reach the Journal one month preceding month 
of issue. Single copy price: Regular issues $10.00; Symposium and special issues $ 12.00. 
Subscription rate for individuals in field of publication: United States 1 year $58, 2 years 


Publisher 
PAUL J. CARNESE 
New York, New York 


Symposium Production Editor 
LENORE GRANTZ 
New York, New York 


Managing Editor 
MARGARET ANN INMAN 
New York, New York | 


Symposium Proof Editor 
MARY CROWELL 
New York, New York 





MIAMI: 1 
Metoprolol in Acute Myocardial Infarction 3 


^ Editor: 
Ake Hjalmarson, MD, PhD 


Associate Professor of Medicine 


Department of Medicine | 


Sahlgren's Hospital - 


Goteborg 


Sweden — 


by AB Hassle, a subsidiary 


$99; Canada 1 year $73, 2 years $124; Foreign 1 year $80 ($196 air mail), 2 years $136. 
Residents, Interns, Medical Students: United States $34 for one year. The Journal is not 
responsible for replacing missing issues unless the Circulation Department is notified of 
nonreceipt within 3 months of issue date. 


Second class postage paid at New York, New York 10001 and at additional mailing office. 


Printed in U. S. A. Trademark™ in U. S. Patent Office. © Copyright 1985 by Technical 
Publishing, a Division of Dun-Donnelley Publishing Corporation, a Company of The Dun & 
Bradstreet Corporation—All rights reserved. No part of this publication may be repro- 
duced or transmitted in any form or by any means, electronic or mechanical, including 


photocopying, recording or by any information storage retrieval system, without permis- — 


sion of the copyright owner. Prices on bulk reprints of articles available on request. 


The Publisher assumes no liability for any material published in the Journal. All statements . 


are the responsibility of the authors. 


MANUSCRIPTS: Address all manuscripts to William C. Roberts, MD, Editor-in-Chief, the — 


American Journal of Cardiology, 7960 Old Georgetown Road, Suite 2C, Bethesda, . 
Maryland 20814. 


POSTMASTER: Send address changes to The American Journal of Cardiology, 875 Third  . 


Ave., New York, NY 10022. 


The MIAMI Trial was financially supported 


of AB Astra, Sweden. — 






M CR 


[Ne 
xu 


Ax 


XE S d 


i 


reer: FINT 45 m Lol 
ER in CREE ae ua EIN PU 


"UE 


y*.* 


ix 4 
iA ES 


B 
lae S 


Com Me 


YT RET 


ABA 


je e 
v 









E. 


— — - - ya T "7 i Err rw Ee LOT "—7—— eT ae v0 
ae ed ee ae ee Se SL ee IES Se ee eon ts ee 
9 n * o» g Di r : ° 3 fih " . * 
= 


Publisher's Note 


The opinions expressed in this presentation are those of the panelists and are not attributable to 
the sponsor or the publisher, editor, or editorial board of The American Journal of Cardiology. 


Clinical judgment must guide each physician in weighing the benefits of treatment against the 
risk of toxicity. References made in the papers may indicate uses of drugs at dosages, for 
periods of time, and in combinations not included in the current prescribing information. 





WEAK TRENE ES qoem. 
* ‘ 


- EUM A Sry. Faw 
> ga Us pv VN 


=. 


NOVEMBER 22, 1985 


The American Journal of CARDIOLOGY 
VOLUME 56 


NUMBER 14 


CONTENTS 





MIAMI: 
Metoprolol in Acute Myocardial Infarction 


1G introduction 
The MIAMI Trial Research Group 


3G Patients and Methods 
The MIAMI Trial Research Group 


10G Patient Population 
The MIAMI Trial Research Group 


15G Mortality 
The MIAMI Trial Research Group 


23G Development of Myocardial Infarction 
The MIAMI Trial Research Group 


27G Enzymatic Estimation of Infarct Size 
The MIAMI Trial Research Group 


30G  Narcotic Analgesics and Other Antianginal Drugs 
The MIAMI Trial Research Group 


35G  Arrhythmias 
The MIAMI Trial Research Group 


39G Other Clinical Findings and Tolerability 
The MIAMI Trial Research Group 


47G Hemodynamic Effects of Metoprolol in Acute Myocardial Infarction: 
A Randomized, Placebo-Controlled Multicenter Study 


PETER H. HELD, HUUB M. A. CORBEIJ, PETER DUNSELMAN, AKE HJALMARSON, DONAL MURRAY, 
and KARL SWEDBERG for the Hemodynamic Study Group of the MIAMI Trial 


55G General Discussion 
The MIAMI Trial Research Group 





Membership of the MIAMI Trial Research Group 


Steering Committee 


Ake Hjalmarson, Goteborg 
(Chairman) 

Johan Herlitz, Góteborg 

Stig Holmberg, Góteborg 

Bertil Olsson, Góteborg 

Lars Rydén, Skóvde 

Karl Swedberg, Göteborg 

Ed Varnauskas, Góteborg 

Anders Vedin, Góteborg 

Finn Waagstein, Góteborg 

Anders Waldenstróm, Góteborg 

Johan Waldenstróm, Góteborg 

Hans Wedel, Góteborg 

Claes Wilhelmsson, Góteborg 

Dag Elmfeldt, Góteborg 
(nonvoting) 

George Moore, Góteborg 
(nonvoting) 

Per-Olof Wallstróm, Góteborg 
(retired) 

Lars Wilhelmsen, Góteborg 
(nonvoting) 


Publications Subcommittee 


Ake Hjalmarson (Chairman) 
Johan Herlitz 

Lars Rydén 

Karl Swedberg 

Anders Vedin 

Finn Waagstein 

Claes Wilhelmsson 

George Moore 


Statistics Subcommittee, Göteborg 


Hans Wedel (Chairman) 
Sven Eriksson 

Bengt Johansson 

Goran Lángstróm 

Mats Lórstad 

Kjell Pennert 


Advisory Committee 


Aubrey Pitt, Australia (Chairman) 
Heikki Frick, Finland 

Paul Hugenholtz, Holland 
Wolfgang Kübler, West Germany 
William Littler, United Kingdom 
Henry Mizgala, Canada 


Safety Monitoring Committee 
Lars Wilhelmsen, Sweden 
(Chairman) 
John Kjekshus, Norway 


Henri Kulbertus, Belgium 
Anders Odén, Sweden 


Independent Data Audit 
Committee 


Ingar Holme, Norway 


Data Management 


Coordinating Center, AB Hassle 
(a subsidiary of AB Astra), 
Goteborg 


George Moore, (Project Leader) 
Monica Edwall 

Birgitta von Sydow 

Jan Aberg 

Gunilla Jonsson 

Kerstin Andreasson 


Regional Centers =. 


Australia: Jennifer Gibson, 

Karen Treloar 
Belgium: Hermance Clement, 

Albert Verheyen 
Canada: Myron Pyzyk, 

Sandi Pegler, John Williams 
Denmark: Niels-Bo Jensen 
Finland: Torbjörn Backman 
Holland: Ed Dawson 
Hong Kong: Cheung Sau Ling, 

Paul Tung 
Italy: Christiana Rattazzi 

(deceased) 

Malaysia: Ben Suppiah 
New Zealand: June Watson, xis 

Felicity Carter 
Norway: Arild Hyggen 
The Philippines: Reuben Corro, 

Joy Villanueva 
Singapore: Bo Alftenius 
Sweden: Christer Larsson, 

Rudolf Schaffrath, 

Ulrika Lundberg 
United Kingdom: 

Peter Richardson, 

Elisabeth Peers 
West Germany: Wolfgang Endell 


T 
Tis- 





Foreword 


During the last 20 years a very large number of studies have been published on the 
effects of 8-adrenoceptor blocking agents in patients during and after myocardial 
infarction. According to a recent review,! there are at least 65 such trials including 
about 50,000 patients. In addition there are some studies in progress or not yet 
fully reported. 

Prophylactic institution of 8 blockers after myocardial infarction is of proven 
value and the pooled results of all placebo-controlled trials show a very significant 
reduction of 25% in mortality at 1 to 2 years. A similar reduction was also obtained 
for reinfarctions. Most of the studies are of the late-entry type, with start of treat- 
ment 1 to 2 weeks after onset of infarction. The most convincing studies were the 3 
large trials on timolol,? metoprolol? and propranolol* published in 1981; each 
showed a significant reduction in total mortality. ! 

During the acute phase of myocardial infarction, mainly during the hospital 
stay, many studies have demonstrated favorable effects of 8 blockers on chest 
pain, infarct development, arrhythmias, hemodynamics and tolerance, but few 
have investigated mortality and morbidity. Only 1 study, The Góteborg Metopro- 
lol Trial, has shown positive effects on early mortality, and the effects were sig- 
nificant at 3 months. This trial also showed beneficial effects on all clinical varia- 
bles studied.? Based on the results of this trial the MIAMI (Metoprolol in Acute 
Myocardial Infarction) Trial was designed to study further the effects of metopro- 
lol therapy on mortality and morbidity during the first 15 days after onset of 
symptoms in patients with suspected myocardial infarction. The major results of 
this trial were recently published;$ the present symposium proceedings are a com- 
prehensive and final report on all findings during the 15-day trial period. 

The MIAMI Trial was made possible by excellent collaborative work among 
committee members, investigators, doctors, nurses and other personnel in 104 
hospitals in 17 countries. On behalf of the members of the Steering Committee, I 
express our sincere thanks for their cooperation. 

Ake Hjalmarson 
Chairman of the Steering Committee 
The MIAMI Trial Research Group 
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Metoprolol in Acute Myocardial Infarction (MIAMI) 


Introduction 


The MIAMI Trial Research Group 


In the Western world, coronary artery disease consti- 
tutes the single most common cause of death in mid- 
dle-aged men and women. This remains so despite a 
recent decline in mortality from the disease in some 
countries, including the United States.! The mortality 
rate from acute myocardial infarction (AMI) during 
the hospital stay usually ranges between 10 and 20% in 
unselected groups of patients younger than 70 years of 
age.? The magnitude of the problem has led to the 
planning and realization of a number of trials aimed at 
assessing the effectiveness of various interventions to 
reduce mortality and new events. The first clinically 
useful 8 blocker, propranolol, became available in 
1964. Shortly thereafter, Snow? published the results 
of an open study with propranolol in 93 patients after 
AMI, showing a significant reduction in mortality. 
Subsequently many trials have evaluated the effect of 
8 blockade on survival, during both the acute stage of 
myocardial infarction and the long-term follow-up.4-!? 

The methodology of clinical trials has undergone 
considerable refinement during the last decade. An 
increasing number of well-controlled and organized 
trials have presented evidence that 8 blockade may 
reduce long-term mortality, sudden death or reinfarc- 
tion in patients with myocardial infarction. 

Since Snow's publication, several randomized, pro- 
spective, double-blind studies, each with more than 
100 patients, have been performed and have not con- 
firmed his findings regarding the early mortality re- 
duction within a few weeks after onset of myocardial 
infarction.14-?0 

Only 2 placebo-controlled, early-entry studies with 
mortality reduction as a major objective have been 
published.9!? In these studies most patients were in- 
cluded within 12 hours after onset of symptoms indi- 
cating AMI. Neither study was able to show a signifi- 
cant reduction in the short-term mortality, i.e., within 
2 to 3 weeks after onset of AMI, nor were they designed 
for this particular purpose. In the Copenhagen Al- 
prenolol Study? the mortality was reduced only in 
patients younger than 65 years after 1 year of treat- 
ment. In the Góteborg Metoprolol Trial!? a significant 


1G 


reduction in mortality was seen for all age groups after : 


3 months. 


Early intravenous administration of metoprolol — 
(within 12 hours) has been shown to favorably influ- — 
ence various indexes associated with infarct size.21-?9 _ 
Further, it has been shown to reduce ischemic chest 
pain,”4 need of analgesics?* and signs of impaired left — 
ventricular function.?5 The finding of a shorter hospi- . 
tal stay might be explained by these effects.?! Another - 
important action of metoprolol appears to bea marked 


reduction of serious ventricular arrhythmias.” Some 
of these findings have been reported with other 6 
blockers.?7-90. 


At the time of planning the present study the ques- — 
tion of whether it was possible to markedly reduce 
the short-term mortality, e.g., during the first 2 


weeks (essentially the hospital period) remained 
unanswered. 
In a subgroup of patients from the Góteborg Meto- 


prolol Trial, all of whom had an entry heart rate 270 — 
beats/min, systolic blood pressure 2110 mm Hg and - 
no earlier 8-blockade therapy, there was a 45% reduc- - 


tion in mortality as early as 15 days after inclusion, 
from 7.0% in the placebo group to 3.8% in the metopro- 


lol group. The number of such patients, however, was - 
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too small for that study to provide conclusive results, 
and the findings were from retrospectively designed 
analyses. 

Based on the experience from the previous Géteborg 
Metoprolol Trial? a new study involving a larger 
_ group of patients was necessary to answer conclusively 
the question of whether it was possible to reduce the 
short-term mortality during the hospital period in 
AMI patients. This trial was named “Metoprolol in 
Acute Myocardial Infarction” (MIAMI). The patients 
were allowed to enter if they were not undergoing 
treatment with 8 blockers, had a heart rate >65 beats/ 
min and a systolic blood pressure >105 mm Hg. In 
order to particularly demonstrate the effects of meto- 
prolol during the early phase, variables other than 
death were investigated. 

It should be stressed that these patients could not be 
expected to be representative of the entire myocardial 
infarction population generally seen in coronary care 
units. It might also be expected that correlations be- 
tween some variables (e.g., heart rate and blood pres- 
sure) and outcomes reported in other studies might 
be distorted or not demonstrable because of this 
selection. 

With this background and previous experience, par- 
ticularly the Göteborg Metoprolol Trial,!° the follow- 
ing primary and secondary objectives were selected. 

The primary objective was to evaluate whether me- 
toprolol could reduce the mortality from all causes 
over the period of 15 days (the trial period) in patients 
hospitalized with a suspected or definite AMI. 

The secondary objectives were to assess the effect of 
metoprolol on the sum of both deaths and patients 
with nonfatal ventricular fibrillation (VF) during the 
first 5 days; enzyme-related infarct size within 3 days 
(days 0 to 3); incidence of definite AMI within 3 days 
(days 0 to 3); incidence of late first infarctions during 
the trial period (days 4 to 15); incidence of recurrent 
infarctions during the trial period (days 4 to 15); inci- 
dence of definite AMI during the trial period (5 and 15 
days) in patients with and without electrocardio- 
graphic signs of infarction on admission; incidence of 
VF (nonfatal and fatal, number of patients and epi- 
sodes) and presence of left ventricular heart failure/ 
congestive heart failure (number of patients and use of 
diuretics) and chest pain (pain duration and use of 
analgesics) during 5 days and 15 days; and tolerance, 
safety and adverse events during 5 days and 15 days. 

Further, a number of retrospective analyses were 
made to determine whether the effect of metoprolol 
was related to entry heart rate, site of suspected in- 
farction and interval between onset of symptoms and 
start of treatment (subgroup hypotheses). 

Some of the main findings of the MIAMI trial have 
been published previously.?! This American Journal 
of Cardiology supplement is intended to provide a 
detailed reporting of the results relating to the basic 
protocol. 
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Patients and Methods 


The MIAMI Trial Research Group 


The effects of early intervention with metoprolol in 
patients with suspected or definite acute myocardial 
infarction (AMI) have been assessed in a randomized, 
double-blind, placebo-controlled international study. 
Patients aged 75 years or younger were eligible for 
entry if they presented to a coronary care unit within 
24 hours of the onset of symptoms of an AMI. Exclu- 
sion criteria included current treatment with a 6 
blocker or calcium-channel blocker, heart rate <65 
beats/min, systolic blood pressure 105 mm Hg, 
contraindications and other administrative reasons. 
Treatment began with an intravenous loading dose (3 


The trial was double-blind and placebo-controlled. 
The day of randomization was day 0 and the trial 
period was defined as days 0 through to and including 
day 15. Each study day was a 24-hour calendar day, 
except day 0, which was always less than 24 hours. The 
important elements of the design of the trial were 
contained in the final project protocol (dated Novem- 
ber 16, 1982), which is available from the authors upon 
request. 


Patients 


Selection: All men and women 75 years old or less 
with either chest pain of acute onset and a suspicion of 
acute myocardial infarction (AMI) of at least 15 min- 
utes duration, or electrocardiographic signs and symp- 
toms indicating an AMI had occurred within the last 
24 hours were eligible for inclusion in the study. 

Screening: All patients admitted to coronary care 
units who were eligible for inclusion were registered in 
consecutive order in a specific “MIAMI Log Book." 
The patients were then evaluated with regard to spe- 
cific exclusion criteria (‘Table I). The exclusion criteria 
were evaluated in a hierarchic order according to Ta- 
ble I and the criterion carrying the lowest number was 
listed for each excluded patient. The reasons for exclu- 
sion could be divided into 3 major groups; first, treat- 
ment with either 8 blockers or calcium-channel 


Address for reprints: Ake Hjalmarson, MD, Department of Medicine 
l, Sahlgren's Hospital, S-413 45, Göteborg, Sweden. 


3G 


X 5 mg injections of metoprolol or placebo at 2- 


minute intervals) followed by an oral regime of 200- — 


mg metoprolol daily or placebo. The study period was 


15 days in addition to the day of randomization. The — 


patients’ clinical history and status at entry were doc- 


umented. The following outcome variables were re- — 
corded: mortality, development of AMI, serum en- — 
zyme activity, electrocardiographic signs of AMI, late - 


or recurrent AMI, arrhythmias, treatment of chest 
pain, concomitant treatment, adverse events and de- 
tails of treatment with trial medication. 

(Am J Cardiol 1985;56:3G-9G) 


blockers, second, conventional 6-blocker contraindi- 
cations and third, exclusions for technical and meth- 


odological reasons. The MIAMI Log Book was a source © 


of information on all eligible patients. In it, the follow- 
ing information was recorded for all patients: date of 
arrival, name, year of birth, exclusion criterion or ran- 
domization number, date of randomization and 
whether or not a myocardial infarction was confirmed 


during the hospital stay. The log book permitted com- | 


parison of patients selected for randomization with 
the excluded patients. 


Randomization: All eligible and not excluded pa- 


tients who had given their informed consent were then 


randomly allocated to treatment with placebo or 


metoprolol. 


Conduct of the Trial 


The clinical management of all symptoms and com- 
plications was to be conducted according to local prac- 
tice. However, certain general recommendations were 
given in a manual of procedures, which is available 
from the authors upon request. 

Randomization procedure: As soon as possible af- 
ter the patient had been admitted to the coronary care 
unit, baseline electrocardiogram (ECG), heart rate 
and systolic blood pressure were monitored over at 
least a 10-minute interval. Physical examination in- 
cluding pulmonary auscultation was also performed. 

If no exclusion criteria as listed in Table I were met, 
the patient was then considered suitable for random- 
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TABLE! Exclusion Criteria 





Current treatment with 6 blockers (any treatment within the previous 
48 hours) 


. Current treatment with calcium-channel blockers (any treatment with- 
in the previous 48 hours) 


Heart rate <65 beats/min during the 10-minute interval 
Systolic blood pressure < 105 mm Hg during the 10-minute interval 
. Left ventricular heart failure with basal pulmonary rales >10 cm 


. Signs of poor peripheral circulation, such as coldness and paleness, 
due to pump failure 


nd poson with P-Q time 70,24 second or higher degree AV 
oc 


Severe chronic obstructive pulmonary disease (e.g., requiring long- 
term treatment with corticosteroids or 85 stimulants) 


Implanted pacemaker 
. Resuscitation outside hospital (within 24 hours) 


Other serious diseases influencing short-term prognosis and general 
condition (e.g., neoplasm, severe organ insufficiency, cerebral 
lesions) 


Previous participation in MIAMI trial 
Participation in other randomized trials 
: Unwillingness to participate in trial or unable to give informed consent 


AV = atrioventricular. 


ization. The trial medication was immediately made 
ready and the cardiovascular status of the patient 
checked again. If there was still no reason for exclu- 
sion, the ampoule containing the intravenous trial 
medication was opened, and at this point the patient 
was defined as being randomized into the study. 

Trial medication: The intravenous administration 
of trial medication was given as soon as possible after 
randomization as 3 rapid injections of 5 ml each (5 mg 
metoprolol or matching placebo), with 2-minute inter- 
vals. Heart rate, systolic blood pressure and ECG were 
monitored during intravenous administration and 15 
minutes thereafter. Before the second and third injec- 
tions were given, the heart rate should have been >49 
beats/min, the systolic blood pressure >99 mm Hg and 
the P-Q time <0.26 second. Further, it was required 
that there was no worsening of dyspnea or cold sweat- 
ing before the second or third intravenous dose was 
given. If the patients fulfilled these criteria and had no 
aggravation of dyspnea or cold sweating 15 minutes 
after completion of the full intravenous injection (15 
ml), one-half of the trial tablet (metoprolol 100-mg 
tablet or matching placebo) was then given. 

The standard dose was one-half tablet every 6 hours 
over days 0 to 2 and thereafter 1 tablet every 12 hours 
for the remainder of the trial period. Instructions re- 
garding administration and adjustment of trial medi- 
cation were given in the manual of procedures. 

Patients who received a reduced dose of oral medi- 
cation or no dose during the first 2 days were reas- 
sessed for institution of treatment on day 3. Inclusion 
day is registered as day 0. After day 2, 100-mg meto- 
prolol or placebo was given twice a day until at least 
day 16. Thereafter, it was recommended that all pa- 
tients were to be treated openly with metoprolol. 

Withdrawal of trial medication: Predetermined 
guidelines for withdrawal of trial medication and in- 
structions for treatment of different complications 


TABLE I| Reasons for Temporary and Permanent 
Withdrawal 


Temporary withdrawal 
SBP <89 mm Hg (caution should be taken with regard to patients 
with previous hypertension) 
Heart rate <44 beats/min and concomitant signs suggestive of 
depressed heart function (e.g., SBP <89 mm Hg, signs of poor 
peripheral circulation and pulmonary congestion) 


P-Q time >0.26 second 


Asystole not related to administration of narcotic analgesics or 
following defibrillation 


Persistent basal lung rales > 10 cm despite optimal treatment 
Permanent withdrawal 
Use of sympathomimetic drugs for the above listed conditions 
Asystole, bradycardia or AV block requiring permanent pacemaker 
insertion 
Frequent or severe anginal attacks (e.g., 5 to 10/day) in spite of 
vigorous treatment with antianginal drugs except 8 blockers 


Supraventricular tachyarrhythmias requiring open treatment with 6 
blockade 
Significant bronchial obstruction despite additional treatment with 
9 Stimulants 


AV = atrioventricular; SBP = systolic blood pressure. 


and symptoms were specified in the manual of proce- 
dures. The criteria for temporary and permanent 
withdrawal are listed in Table II. If treatment was 
temporarily withdrawn, the patient was reassessed 2 
days later for gradual reinstitution of trial medication. 
The patient was permanently withdrawn if the medi- 
cation was withdrawn a second time. 

The main principle was to maintain the patients on 
trial medication, or in case of withdrawal, to reinsti- 
tute the medication if possible. The goal was to have 
the patients on the highest tolerable dose of trial medi- 
cation throughout the trial period. 

Concomitant therapy: The drugs generally used in 
the treatment of patients with AMI were allowed as 
described in the manual of procedures. However, the 
use of other drugs that may have interfered with the 
evaluation of treatment effects was avoided, especially 
where a potentially hazardous drug interaction exist- 
ed. On the other hand, there was an attempt not to be 
too restrictive in the use of concomitant therapy be- 
cause an unnecessary high withdrawal of trial medica- 
tion might have resulted. All 8-blocking agents, vera- 
pamil and diltiazem were not to be given to patients on 
trial medication with the exception of verapamil in 
patients with supraventricular tachyarrhythmias and 
without left ventricular failure. 


Study Variables 


All randomized patients were documented accord- 
ing to a standardized Basic Case Report Form 
(BCRF). Patient information on general clinical histo- 
ry, long-term cardiovascular drug treatment, signs of 
myocardial infarction on the ECG, treatment in hospi- 
tal before randomization and clinical status immedi- 
ately before the blind injection (pulmonary rales, 
atrial fibrillation, heart rate and systolic blood pres- 
sure) was recorded on the BCRF. All effect variables 
were documented in the BCRF. 
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Heart rate and systolic blood pressure immediately 
before blind injection and 15 minutes after completed 
intravenous administration were documented. A stan- 
dard ECG was obtained immediately after arrival in 
hospital. The ECG was continuously monitored over a 
10-minute period before and during the injection pro- 
cedure, and thereafter according to the local routine. 
The ECG signs were recorded on the BCRF. 

The following definitions were used: 

Q wave = 20.04 second wide and >1 mm deep, or 

70.03 second wide and Q/R >1/3 and >1 mm deep. 

ST-segment elevation = 21 mm in leads I, II, III, 

aVL, aVF, V; and Vz, or 22 mm in leads Vj, Vo, V3 

and V4. 

Loss of R wave = complete loss of R wave with a 

reduction in R-wave amplitude of at least 3 mm in 2 

electrodes or more, which remained in at least 2 

consecutive recordings. 

Serum enzyme tests according to the local practice 
were required once a day during days 0 to 3, and the 
maximal value was recorded. 

Definite acute myocardial infarction (days 0 to 
3): Definite AMI was diagnosed if 2 or 3 of the follow- 
ing criteria were fulfilled: (1) chest pain with a dura- 
tion of at least 15 minutes; (2) two values above the 
normal range for the enzyme used for infarct defini- 
tion; and (3) appearance of new Q waves or loss of R 
waves or ST-segment elevation followed by T-wave 
inversion in at least 2 electrodes in a 12-lead standard 
ECG. 

Possible acute myocardial infarction (days 0 to 
3): Possible AMI was diagnosed if chest pain of at least 
15 minutes’ duration occurred and any one of the fol- 
lowing criteria was fulfilled: (1) appearance of T-wave 
inversion in at least 2 electrodes in a 12-lead standard 
ECG without enzyme values above the normal range; 
(2) only 1 raised enzyme value above the normal range; 
and (3) appearance of new Q waves or loss of R waves 
or ST-segment elevation followed by T-wave inversion 
in only 1 electrode in a 12-lead standard ECG. 

Localization of definite myocardial infarction: 
Definite myocardial infarction was classified as anteri- 
or, lateral, inferior, posterior wall infarction or other 
(to be specified) according to the following definitions: 

Anterior wall infarction = criteria for definite myo- 

cardial infarction fulfilled in any of the leads V; 

through V, in a 12-lead standard ECG. 

Lateral wall infarction = criteria for definite myo- 

cardial infarction fulfilled in any of the leads V; 

through V;, I or aVL in a 12-lead standard ECG. 

Inferior wall infarction = criteria for definite myo- 

cardial infarction fulfilled in any of leads II, III or 

aVF. 

Posterior wall infarction = increase in R-wave in 

leads V, or Vo. 

For purpose of presentation, the recorded localiza- 
tions have been grouped in the following fashion. All 
anterior includes anterior together with other loca- 
tions except inferior. All inferior includes inferior to- 
gether with other locations except anterior. Other lo- 
cations include other locations, lateral, posterior and 
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anterior together with inferior. Pure anterior and pure — 


inferior have also been presented. 


The occurrence of late first or recurrent infarctions ; ; 
during the study periods days 4 to 5 and 6 to 15 was e 
also recorded with application of the same definition 3 


for definite myocardial infarction as previously given. 


Ventricular fibrillation (VF): The time of each — 
episode of VF was recorded during days 0 to 15. When — 
multiple episodes of VF occurred, a free interval of 2 | 
minutes or more was required before a new episode 
was registered for analysis. End-stage VF occurring _ 
within 24 hours of death was defined as agonal and not — 
included in the analysis if refractory left ventricular . 
failure or cardiogenic shock was present. Clinical ob- — 
servations were recorded based on 2 time intervals: 0 — 


to 5 days and 6 to 15 days. 


Occurrence of auscultatory basal pulmonary rales | 
(more than sparse rales) indicating congestive heart . 
failure and requiring treatment was noted. The use of | 
any diuretics was documented. Additionally, the total 
dose of furosemide if used or the calculated equipotent - 
doses of other diuretics as well as the number of injec- _ 
tions were recorded. The time of last narcotic analge- — 
sic injection was recorded as well as the number of . 


injections. 


Hypotension, bradycardia, atrioventricular block, ` 
pacemaker insertion, supraventricular tachyarrhyth- 
mia, ventricular tachycardia, asystole, cardiogenic — 
shock and different cardiac medications were noted. 

Temporary and permanent withdrawal of trial med- — 
ication was noted as were the reason and the time of | 
permanent withdrawal. Adverse events possibly relat- - 
ed to the trial medication were recorded. The excep- . 
tions were hypotension, bradycardia, heart failure and — 


atrioventricular block. 


The patient’s compliance with treatment was "a 
judged by tablet counts. The days on which patients - 
received full dose, half dose, quarter dose and no dose — 


were also registered. 


Information on time, place, cause RUM mode of death F 
was recorded. The occurrence of cardiac rupture was 
documented in all patients in whom autopsy reports 


were available. 


The primary endpoint in the trial was désili from all 3 


causes during the trial period, days 0 to 15. 


The secondary endpoints were: (1) the sum of both 
deaths and patients with nonfatal VF during days 0 to | 
5; (2) definite myocardial infarction during days 0 to 3; - 
(3) infarct size estimated from serum enzymes during . 


the first 3 days; (4) definite myocardial infarction from 


days 0 to 5 and days 0 to 15; (5) late first infarction - 
during days 4 to 15; (6) recurrent infarction during | 


days 4 to 15; (7) cardiac death and mode of death 


during days 0 to 5 and days 0 to 15; (8) noncardiac- 
death during days 0 to 5 and days 0 to 15; (9) incidence © 


of VF (both nonfatal and fatal, number of patients and 


episodes) and presence of left ventricular heart failure/ — 


congestive heart failure (number of patients and use of 


diuretics) and chest pain (pain duration and use of an- — 
algesics) during days 0 to 5 and days 0 to 15; and (10) tol- — 


erance, safety and adverse events during days 0 to 15. 


MEAE 
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TABLE The Responsibilities of the Steering Committee 





. Preparation of the study protocol, case report forms and manual of 
|. procedures 


- Recruitment of investigators and provision of guidance to the trial 
centers 


_ Making all ethical, scientific and policy decisions 


— 


AP. 


cians with training in epidemiology and clinical trial 
methodology and 1 statistician. 

An important function specified in the protocol was 
that the Safety Monitoring Committee would careful- 
ly monitor the results at regular intervals to detect as 
soon as possible any harm from the treatment, which 
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. The practical running of the study would cause premature closure of the trial. T'he proto- ki 
Acting upon recommendations of the Safety Monitoring Committee col also stated that because such periodic monitoring 
t Collecting, editing and storing all data received from the trial centers was associated with an increased risk of a false-posi- 
k hae hice paite pog Re "iai dai e IM tive finding, the method of O'Brien and Fleming? in 
à; End trial sh abe "M ‘ I TERE deciding a statistically significant result was to be 
_ Preparing reports from the trial for publication used. The Safety Monitoring Committee analyzed se- 
Blind classification of all endpoints lected endpoints after approximately 1,500, 2,000, 
3,000 and 4,000 patients were randomized, and found 
no cause to recommend a premature termination of 
the study. The results of these analyses were kept 
Organization within the Safety Monitoring Committee except for 
__ A formal organizational plan was established (Fig. the data of the 4,000 patients, which were discussed 
. 1). Steering, Advisory, Safety Monitoring and Inde- confidentially with the Advisory Committee. 
pendent Data Audit Committees were formed. The Other responsibilities included reviewing and 
Steering Committee also established 4 different sub- endorsing general methodology and statistical analy- 
committees: Economy and Administration, Statisti- ses, and presenting periodic reports to the Steering 
cal, Data Coordinating and Data Management. Committee. 

The Steering Committee consisted mainly of inves- The Independent Data Audit Committee, selected 
tigators from the Goteborg Metoprolol Trial.! The by the Steering Committee, consisted of a statistician 
Steering Committee was primarily responsible for located in Oslo, Norway. He was responsible for check- © 

preparation of the project protocol, BCRFs and man- ing and notification of randomized patients and 
ual of procedures. This committee was also responsi- deaths. These data were obtained directly from each 
- ble for recruitment of investigators. The responsibil- trial center. This committee guaranteed that no tech- 
ities of the Steering Committee are listed in Table III. nical errors or erroneous statistical analyses were 
A Publications Subcommittee was formed from within made in relation to objectives stated in the project 
the Steering Committee. protocol. Site visits were made to the Data Manage- 

The Advisory Committee was selected by the Steer- ment Center during the trial to ensure correspondence 
- ing Committee and consisted of experienced cardiolo- between these 2 data bases and to audit procedures. 
gists from different participating countries. The Advi- One hundred and four centers from 17 countries 

sory Committee was responsible for approving the sci- participated in the MIAMI trial. The Data Coordinat- 
 entific and ethical design of the study and advised the ing and Data Management Subcommittees were 
Steering Committee on major policy decisions. The merged early after starting the study to form a Data 
Advisory Committee also reviewed the scientific re- Management Center in Góteborg, which was com- 
ports before publication. posed of scientific and administrative staff of AB Has- 
The Safety Monitoring Committee was selected by sle and a data auditor appointed by the Steering Com- 
the Steering Committee and was composed of 3 physi- mittee. Local data centers were established in each x 
monitoring | committee pase anb 7 data audit 
committee J. Tono committee 
«a | P. 
ON. i Do a Economy and 
ko tn administrative 
Data — subcommittee 
management 
Tonne iei FIGURE 1. Plan of MIAMI trial organi- 
subcommittee 
^d 


17 COUNTRIES 104 CENTRES 
Trial 
centre 


. participating country and were staffed by clinical trial 
monitors from the local Astra companies. This project 
organization was responsible for constructing ahd con- 
tinuously updating a computerized data base of all 
study variables. 

The protocol was reviewed and approved by the 
responsible ethical review committee at each of the 
participating trial centers. At all trial centers the pa- 
tients were fully informed regarding the trial and con- 
sented to participate, at least verbally. 


Statistical Methods and Analyses 


In estimating sample size, a 7% mortality rate was 
assumed for the placebo group. To detect a 35% reduc- 
tion in mortality in the metoprolol group with 90% 
probability using a 2-sided test at the 5% significance 
level, it was calculated that 4,000 patients with a sus- 
pected myocardial infarction at entry were needed. 
This would yield approximately 2,400 patients (60%) 
with a confirmed diagnosis of AMI. Because patients 
could be entered before their presumed myocardial 
infarction status was confirmed, a substantial portion 
of patients without a definite myocardial infarction 
were expected to be randomized. 

Because this trial was to be conducted in several 
countries, there was uncertainty regarding the appli- 
cability of the just mentioned assumptions about mor- 
tality and the percentage of definite myocardial in- 
farctions derived from previous smaller studies mostly 
performed in Scandinavia. The consequent impact 
may have been a smaller number of events than antici- 
pated, and so to compensate for this loss of statistical 
power, an increase of sample size was allowed for. If 
the average mortality rate for the 2 treatment groups 
was «596 when 2,000 patients had been randomized, 
the sample size was permitted to be increased to 5,200 
patients. This would have corresponded approximate- 
ly to 3,200 patients with definite myocardial infarc- 
tions. This increase would have given a 90% probabili- 
ty of establishing a 35% difference as significant if the 
mortality was only 5% in the placebo group. 

The statistical test of the 15 day mortality was done 
with Fisher's exact test in 4-fold tables. Mantel- 
Haenszel's method was used to test differences in sur- 
vival curves. A 2-tailed test with a p value <0.05 was 
regarded as significant. The nominal p values rounded 
to 2 most significant digits have been presented when 
«0.10 throughout. 

Subgroups were formed based on certain baseline 
and diagnostic variables. Quantitative variables were 
dichotomized at the quartiles or the median. Differ- 
ences were tested with Fisher's exact test, 2-tailed. 
The p-value conventions just described were applied. 

Some subgroups were proposed in the protocol (sub- 
group hypotheses) and others formed retrospectively. 
These differentiations are stated in reporting the 
results. 

Multivariate analyses: For such binary response 
variables as death, definite myocardial infarction and 
use of narcotic analgesics, the effect of drug and im- 
portant baseline variables and possible interactions 
between drug and baseline variables have been ana- 
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lyzed with logit models.? Logit analysis of categorical 
data can be looked upon as a counterpart of regression 
analysis of continuous response variables. 

The analysis began with a basic set of predictors, 
proceeded with the fit of an adequate model based on 
previous knowledge and expectations and included 
main effects of the predictors and reasonable interac- 


tions between drug and other predictors. Tests similar — 


to those performed in regression analysis were done to 
test the significance of individual predictors. 
This multivariate model approach, which simulta- 


neously considers the effect of all variables in the basic — 


set, is much more appropriate than a subgroup analy- 
sis in which only 1 predictor at a time is taken into 
consideration. The multivariate analysis avoids the 
confounding of effects of different variables as far as 
all relevant variables are included in the basic set. The 
multiplicity test problem is present but not to the 
same extent as with a detailed subgroup analysis. 
The requirement for an adequate model fit was set 
to p >0.15 and the significance level for the test of the 
effect of individual predictors was set to 5%. 
Randomization code: All patients included in the 
trial were given a consecutive patient randomization 
number that was printed on the trial medication am- 
poules and bottle. The randomization code was strati- 
fied only by trial center. The randomization code was 
computer-generated on a microcomputer by a member 


of the Safety Monitoring Committee, independently _ 


of all other organizing committees and the sponsor of 
the trial. Only 4 sets of the randomization code were 
generated, 1 for the Chairman and 1 for the statisti- 


cian of the Safety jes pats Committee, 1 for the — 


Pharmacy Department at the Ostra University Hospi- 
tal whose members were responsible for packing the 
clinical trial material and 1 for emergency use. This 


last code was provided sealed in separate envelopes for — 


individual patients at each trial center. The code list 
was produced in blocks of 50 and towards the end of 
the study in blocks of 16. 


Each block contained equal numbers of patients on — 
the 2 treatments randomly ordered in such a way that. 
the difference in numbers on placebo and metoprolol 


never exceeded 3 when starting from the beginning of 
the block. This enabled a good balance to be achieved 
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within each center. The block constituted different ` 


random permutations of the treatments with the 2 
restrictions mentioned above. 


Packaging and Distribution of Trial Medication 


For each randomized patient there were 4 ampoules 
of 5 ml (metoprolol tartrate 1 mg/ml or normal saline 
placebo) and a bottle containing 40 tablets (metopro- 
lol tartrate 100 mg or placebo). These formulations 
were supplied by AB Hassle, a subsidiary of AB Astra, 
Sweden. 

Packaging and labelling according to the random- 
ization code were done in the Department of Pharma- 
cy of the Ostra University Hospital in Góteborg. The 
stock was packaged in sets of 50, together with the 
individual code sealed in 50 separate envelopes and 
with the BCRFs, and then distributed to the trial 





. centers. The procedure was performed in this way so 
that the study could be conducted blindly by the orga- 
. nizing committees, the investigators, the patients and 
. the sponsor. 


Data Management and Monitoring Procedures 


The data collected by each trial center were record- 
. ed on 4 different case report forms. A patient recruit- 
ment information slip containing randomization 
number and date was completed when a patient was 
randomized and copies were distributed according to 
Figure 2. Within a few weeks, the Data Management 
. Center and the Independent Data Audit Committee 
were informed of each patient who had entered. 
Copies of the log book and BCRF were distributed 
according to Figure 3. The BCRF was a 9-page book- 
let; the first 8 pages were in 3 copies (white, blue and 
. yellow) and the ninth page had 4 copies (white, blue, 
. yellow and pink). Completed log books and BCRFs 
. were collected personally by a study monitor approxi- 
mately every month and thus within 2 months of 
 . randomization, these data were usually at the Data 
. Management Center. The Independent Data Audit 
Committee received the mortality data on the pink 
. copy of page 9 of the BCRF within a similar time. 
Quality control and data base procedures: 
BCRFs completed at the trial center and signed by 
designated investigators were subject to quality 
checks at these stages: 
Stage 1 at the trial center, by the Astra monitor. 
Uncertainties were clarified before copies were 
removed. 
Stage 2 at the Data Management Center in Sweden, 
by a data auditor appointed by the Steering Com- 
mittee. Uncertainties were noted on a data clarifica- 
tion form, which was returned to the trial center for 
clarification. 
Stage 3 at the Data Management Center, using a 
computerized input and editing system (CHIVAS 
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FIGURE 2. Flow chart for the patient recruitment information (PRI) 
forms. 


[Computerized Hassle Input, Validation and Access 
System]). This system used a screen form of each 
page of the BCRFs as an entry mode and provided 
error reports on missing data, out-of-range data and 
internal inconsistencies within a patient's data. Er- 
rors detected were noted on a data clarification form 
and returned to the trial center for clarification. 
Stage 4 at the Data Management Center, using edit- 
ing programs on the data base. After data had been 
entered to the data base via CHIVAS, extensive 
checks were conducted using programs to identify 
any logical inconsistencies that the CHIVAS system 
could not detect during the input phase. Uncertain- 
ties were clarified by the trial center using a data 
clarification form as described previously. 

Data base integrity: During the validation and 
input phase, conventional data processing routines 
for confidential data were applied, i.e., only autho- 
rized staff had access to the data. Access to the 
computer programs was further restricted by means 
of a series of passwords changed frequently. 

A data control document was used to record the 
transfer of responsibilities, the dates for completion 
of the scheduled actions and the detected error 
rates. The data control document was stored togeth- 
er with the case report form to serve as an indepen- 
dent check that the data base remained intact. 

Data file transfer: After patient recruitment 
ended on March 31, 1984, and the 15 days’ follow-up 
was completed, all log book and BCRF data were 
entered and validated in the data base using the just 
described procedures by early May 1984. At this 
time the Independent Data Audit Committee cor- 
roborated the number of randomized patients and 
mortality data in the data base at the Data Manage- 
ment Center and approved the start of the data 
analysis. The data file was then transferred from the 
Data Management Center to the University of Góte- 
borg where, for the first time, the code was entered 
and analyses begun. 
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FIGURE 3. Flow chart for the basic case report forms (BCRFs). 








In summary, a trial needs to include enough patients 
to yield a sufficient number of endpoints to allow sta- 
tistical analysis at a satisfactory level of significance 
and with a reasonable likelihood of reaching that re- 
sult. Only an analysis including all randomized pa- 
tients regardless of subsequent fate is devoid of bias 
from the investigators and analysts. 

It has been argued that the chronotropic effect of 8 
blockers precludes the maintenance of blindness in 
placebo-controlled studies. It has also been proposed 
that the use of indisputable endpoints, such as death 
from any cause, would reduce bias such that a blinded 
design was unnecessary. In all studies of 8 blockers, 
the average heart rate in the 8-blocker group of pa- 
tients has to be lower than in the placebo group. How- 
ever, the variance in both treatment groups has always 
been sufficiently great to cause a large overlap be- 
tween the 2 groups. For this reason, there is uncertain- 
ty in the prediction of the actual treatment in any 
individual. 













Maintenance of the highest possible degree of blind- — 
ness was seen to be particularly important when it was - 
shown that even nonspecific measures, such as good * 
medical practice, may have a substantial impact on . 
reinfarction and deaths without the use of any phar- 
macologic intervention.*? Veo 
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Patient Population 


The MIAMI Trial Research Group 


During the recruitment phase of the MIAMI trial (De- 
cember 1982 to March 1984), data on 26,439 pa- 
tients eligible for inclusion were entered. Of these, 
5,778 patients were included. Current treatment with 
either 6 blockers or calcium-channel blockers (51% ) 
was the most predominant reason for exclusion. The 
randomized and excluded patients differed. The ran- 
domized patients were younger and more often men. 
The mean age of the patients was 59 years in both the 
placebo and the metoprolol groups. The 2 groups 
were evenly balanced with regard to basic demo- 
graphic variables. The median delay between onset of 
symptoms and randomization was 7 hours, and 25 96 
of the patients were included within 4 hours. Previous 
clinical history and pharmacologic treatment given 


before admission were well balanced in the groups. 
Mean heart rate for the 2 groups before randomization 
was 83 beats/min and systolic blood pressure was 
141 mm Hg. Approximately 1596 of randomized 
patients presented with pulmonary rales. Before 
randomization 2096 of the patients had normal elec- 
trocardiograms; 70% could be classified as having 
electrocardiographic signs of acute myocardial infarc- 
tion; and 10% presented with other electrocardiograph- 
ic abnormalities. Electrocardiographic signs at entry 
suggested a predominance of anterior wall infarctions. 
The randomized patients were not representative of 
eligible patients and the treatment groups were well 
balanced at entry. 

(Am J Cardiol 1985;56:10G-14G) 





'This article will present the outcome of the patient 
selection procedure and compare the patient sample 
randomized into the MIAMI trial with the patients 
excluded. It also examines the comparability of the 2 
treatment groups with respect to baseline characteris- 
tics. The methodology concerning patient screening 
and randomization was presented in full in the preced- 
ing article. 


Results 


During the recruitment phase of the trial, which 
took place between December 1982 and March 1984, 
data on 26,439 patients eligible for inclusion were en- 
tered into the MIAMI Log Books (Table I, Figs. 1 and 
2). Of these, 20,661 were excluded. The remaining 
5,718 patients did not meet any of the 14 exclusion 
criteria and were subsequently randomized into the 
study. 

Current treatment with either 8 blockers or calci- 
um-channel blockers was the most predominant rea- 
son for exclusion (51.1%). Other reasons for exclusion 
are listed in Table I. 

'Table II lists the reason for the exclusion of patients 
in various age categories. There was a positive correla- 
tion between increasing age and exclusion rate because 


— ———á——————— 
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of left ventricular failure, atrioventricular-conduction 
disturbances and chronic obstructive pulmonary dis- 
eases, while the reverse was true for those excluded 


TABLE! Eligible Patients with MIAMI Log Book Inclusion 


and Exclusion Criteria (for patients with multiple 
exclusion criteria the first is listed) 


Eligible patients 
Excluded patients 
Current 6-blocker treatment 
Current calcium-channel 
blocker treatment 
Heart rate <65 beats/min 


26,439 (100) 


8,205 (39.7) 
2,358 (11.4) 


4,190 (20.3) 
2 


Systolic blood pressure 1,081 (5.2) 
«€ 105 mm Hg 

Left ventricular failure, 1,422 (6.9) 
rales >10 cm 

Poor peripheral circulation 164 (0.8) 

AV-conduction disturbance 439 (2.1) 

Chronic obstructive pulmonary 638 (3.1) 
disease 

Implanted pacemaker 115 (0.6) 

Out-of-hospital resuscitation 233 (1.1) 

Other serious disease 369 (1.8) 

Previous MIAMI trial participation 207 (1.0) 

Participation in other studies 167 (0.8) 

Unwillingness 1,063 (5.1) 


(Information missing) 
Total 
Randomized patients 


(10) 
20,661 (78.1) 
5,778 (21.9) 


* Numbers in parentheses indicate percentages of all eligible or 
excluded patients. 
AV = atrioventricular. 
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TABLE | Percentage of MIAMI Log Book Exclusion Criteria in Different Age Groups 
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Age (years) 3 
<39 40-49 50-59 60-69 >70 P 
y: Exclusion criteria a 
Current 9-blocker treatment 38.6 38.5 41.9 41.1 35.4 a 
Current calcium- 9.1 8.6 10.8 11.9 12.7 M. 
channel blocker treatment ^" 
Heart rate <65 21.8 25.7 22.1 19.0 18.0 
beats/min 
Systolic blood 5.6 5.1 4.9 5.6 E. 
pressure € 105 mm Hg - 2 
Left ventricular failure 1.6 3.4 4.7 7.2 10.8 ag 
Poor peripheral 0.5 0.8 0.7 0.8 0.9 E 
circulation > 
AV-conduction 1.4 1.8 1.7 1.9 3.1 E. 
disturbance . “a 
Chronic obstructive 1.9 1.8 2.3 3.7 3.5 3 
pulmonary disease M 
Implanted pacemaker 0.2 0.2 0.4 0.6 1.0 » 
Out-of-hospital 1.4 0.9 1.2 1.1 1.1 yc 
resuscitation j* 
Other serious 2.3 0.8 1.5 1.8 2.5 Y 
diseases RE 
Previous MIAMI 1.4 1.6 0.9 0.9 0.9 E 
inclusion 
Participation in 1.9 1.5 1.2 0.7 0.1 e 
other studies — 
Unwillingness 12.2 8.1 5.5 4.4 4.3 b 


AV = atrioventricular. 


because of participation in other trials and unwilling- 
ness to participate in the MIAMI trial. 

The randomized and excluded patients differed 
with regard to age and sex (Table III); the randomized 
patients were younger and more often men. Of those 
patients younger than 50, approximately 30% were 
randomized; less than 20% of those older than 70 were 
randomized. The proportion of patients with con- 
firmed definite myocardial infarction according to the 
study criteria was higher among the randomized pa- 
tients (74.1% vs 60.6%). 
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FIGURE 1. Patient recruitment flow chart. 
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All but 74 patients fulfilled the entry age criteria of © 
age <75. Only 4 of these were >75 years. Seventy-  - 
seven patients had heart rates <65 beats/min and 29 ~ 
patients had systolic blood pressures 105 mm Hg. — 
Randomized patients: Data from the placebo and - D 
metoprolol groups with regard to age, sex, race and  - 
delay from onset of symptoms to injection are present- _ 
ed in Table IV. The mean age of the patients in the2 
groups was approximately 59 years, the majority of — 
patients were white men and the 2 groups were evenly a 

balanced with regard to basic demographic variables. — 
In the 2 treatment groups the median delay in time ~ 
between onset of symptoms and randomization was 
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FIGURE 2. Patient recruitment, cumulative number by time. 
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Comparison Between Randomized and 








TABLE Ill 
l Excluded Patients 
Eligible 
Randomized Excluded Patients 
(n = 5,778) (n = 20,661) Randomized 
% % % 
Sex 
Male 77.6 74.1 23 
Female 22.4 25.9 20 
Definite MI 74.1 60.6 35 
Age (years) 
«39 4.0 2.1 35 
40-49 15.0 9.2 31 
50-59 28.7 25.8 24 
60-69 35.5 41.0 20 
>70 16.8 21.8 18 
Age (years) 
Mean + SD 58.9 + 10.1 61.4 + 9.2 
Median 60.0 63.0 
Q; 52.0 56.0 
Q3 67.0 69.0 


MI = myocardial infarction; Q, = lowest quartile; Q4 = highest 


| quartile; SD = standard deviation. 
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approximately 6.7 hours; 2596 of the patients were in- 
. cluded within 4 hours and 75% of the patients within 
_ 12 hours. The median delay in time between onset of 
symptoms and admission to hospital was 3.3 hours. 


Previous clinical history and long-term pharmacolog- 


. ic treatment given before admission are presented in 
Table V. 


Adminstration of drugs given after arrival in hospi- 


-. tal but before randomization is presented in Table VI. 


The rates did not differ with respect to cardiac glyco- 
sides, diuretics and atropine. 

Baseline heart rate, systolic blood pressure and fre- 
quencies of pulmonary rales, atrial fibrillation or flut- 
ter and ventricular fibrillation before randomization 
into the study are listed in Table VII. Mean heart rate 
for the 2 groups before randomization was 83 beats/ 
min and mean systolic blood pressure was 141 mm Hg. 
Approximately 15% of patients presented with pulmo- 
nary rales; ventricular fibrillation before entry oc- 
curred in 2%. 

Electrocardiograms classified before randomization 
are listed in Table VIII. Before randomization 20% of 
the patients had normal electrocardiograms; 70% 
could be classified as having signs of acute myocardial 
infarction; and 10% presented with other abnormali- 
ties. The predominant site of the acute myocardial 
infarction on presentation was the anterior wall. 

The amount of trial medication injected in the 2 
treatment groups is listed in Table IX. Between the 
evaluation of the patient and the actual injection, the 
ampoule was broken in 24 patients in the placebo and 
15 patients in the metoprolol group but the patients 
deteriorated and the injections were not given. Almost 
all patients were injected with the full dose. A higher 
proportion of metoprolol patients did not tolerate the 
full 15 ml (p <0.001). Most patients were also given the 
full initial oral dose 15 minutes after end of injection 
(Table X). More patients in the metoprolol group re- 
ceived reduced or no initial oral dosage (p <0.001). 


TABLE IV Baseline Characteristics. Demographic Data and Total Delay From Onset of 


Symptoms to Injection 
Placebo 


(n = 2,901) 


Age (years) 
«39 


e 
Delay time (hours) 
< 
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Abbreviations as in Table, Ill. _ 


Metoprolol 
(n= 2,877) 
n 96 n 
121 3.6 104 
451 14.5 416 
825 29.1 837 
1,013 36.0 1,035 
491 16.9 485 
59.1 X 9.9 

60 

52 

67 
2,240 78.0 2,244 
661 22.0 633 
2,768 96.1 2,765 
89 2.7 78 
13 0.2 7 
31 0.9 26 
9 0.5 14 
365 12.5 359 
969 31.6 910 
512 20.5 590 
334 11.2 322 
12 23.7 682 

í 8.6 + 6.4 

6.5 6.8 
4.0 4.0 
2.0 11.5 


- 


TABLE V Previous Clinical History and Long-Term 
Treatment Before Randomization 

















Placebo Metoprolol 
(n = 2,901) (n = 2,877) 
% n % n 
Clinical history 
Nec Ade myocardial infarction 16.1 467 16.0 459 
oie a pectoris 29.5 855 27.7 798 
1 month) 
i netos heart failure 3.6 105 3.9 112 
. Atrial fibrillation/flutter 3.2 94 3.2 91 
Chronic obstructive 3.1 90 3.6 103 
pulmonary disease 
Hypertension 14.1 410 13.6 390 
Diabetes 7.6 221 6.7 192 
Bypass surgery 1.6 47 1.8 51 
Smokers 52.1 1,509 50.6 1,457 
Long-term treatment 
Cardiac glycosides 6.3 182 5.3 152 
Diuretics 14.8 430 14.1 406 
Antihypertensives 5.3 155 5.0 145 
Lipid-lowering drugs 0.6 18 0.5 14 
Anticoagulants 2.0 58 2.3 66 
Antiarrhythmics 1.5 43 1.0 29 
TABLE VI Treatment Given After Arrival in Hospital 
Before Randomization 
Placebo Metoprolol 
(n = 2,901) (n = 2,877) 
% n % n 
Cardiac glycosides 3.0 86 2.6 76 
Diuretics 11.8 341 11.3 326 
Atropine 2.1 61 1.5 44 





After full intravenous dose, no or reduced oral doses 
were given to more patients in the metoprolol group (p 
<0.001, Table XI). 


Discussion 


According to calculations based on the Góteborg 
Metoprolol Trial,! an inclusion rate of approximately 










TABLE VIII Signs on Electrocardiogram (ECG) and 
Localization of Suspected Myocardial 
Infarction (MI) Before Randomization 1 
Placebo Metoprolol E 
96 n 96 n | E 
ECG without patho- 20.2 586 186 -535 38 
logic changes E 
ECG pathologic but 10.2 297 10.5 301 1 
actual MI cannot be F- 
localized due to heart = 
block, previous MI, etc. EC 
Signs of actual MI 69.6 à 2,017 70.9 2,041 — 
Anterior wall 33.0 958 33.9 974  - 
involvement r: 
Inferior wall 27.6 800 27.3 786 "SSS 
involvement ‘en 
Other involvements 8.9 259 9.8 281 1 
Pure anterior wall 24.7 715 25.3 727 
Pure inferior wall 22.0 640 22.4 644 . |. 
Missing 1 


TABLE IX Amount of Intravenous Dose Injected 








Placebo Metoprolol p 
(n = 2,901) (n = 2,877) 
96 n n : 
0 ml 0.8 24 0.5 15 3 
5 ml 0.3 9 1:7 49 s 
10 ml 0.5 15 3.0 85 
15 ml 98.4 2,853 94.8 2,728 i 


EL | 
25% of eligible patients was expected. The observed 1 
rate was slightly lower. The relative frequencies of the - 
exclusion criteria are difficult to compare with other - 3 
studies and patient groups because they were coded 
according to a consecutive order. Thus the selection of 
the first criterion influences all rates of subsequent 
criteria. ; 
The selection criteria in this study were not conven- 
tional. The aim was not to recruit all patients without 
contraindications to 8 blockade, but instead to focus ail , 
















TABLE VII Clinical Findings After Admission to Hospital but Before Randomization . 
Placebo Metoprolol " 
(n = 2,901) (n = 2,877) | 
96 96 n 
Pulmonary rales 15.4 446 15.6 450 7 
Atrial fibrillation/flutter 3.0 87 3.3 94 
Ventricular fibrillation 2.2 64 het 50 
Heart rate (beats/min) 
Mean + SD 82.9 + 13.9 82.5 + 14.2 
Q; 72 72 E 
Median 80 80 5 
Q3 90 90 EF 
Systolic blood 
pressure (mm Hg) i 
Mean + SD 141.1 + 22.9 141.9 + 23.1 E 
Q: 124 125 a 
Median 140 140 UM 
Q3 155 i 
Abbreviations as in Table III. m 
Ñ- 
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Placebo . Metoprolol 
(n = 2,901) (n = 2,877) 
% n % n 
None 1.4 41 4.4 127 
J, tablet 1.0 28 4.6 133 


Yo tablet 97.6 2,832 91.0 2,617 


on a subset of patients with a higher sympathetic ac- 
tivity, who were hypothesized to be at higher risk and 
more likely to benefit from metoprolol treatment. 
Consequently, of the excluded patients, 50% were ex- 
cluded because they were receiving treatment with 6 
blockers or calcium-channel blockers; another 25% did 
not have a high enough heart rate or systolic blood 
pressure; and another 13% had standard 6-blocker 
contraindications. 

It was not surprising, therefore, to find differences 
between the randomized and excluded patients with 
respect to age and sex distributions. It was somewhat 
remarkable, however, to observe a higher rate of con- 
firmed infarctions among the randomized patients 
compared with excluded patients. It was also apparent 
that more contraindications to 8 blockade were found 
in higher age groups. 


 TABLEX Initial Oral Dose 15 Minutes After Injection 


TABLE XI Initial Treatment. Reduced Trial Drug 
Administration 
Placebo Metoprolol 
(n — 2,901) (n = 2,877) 
96 n 96 n 
Full intravenous- 0.4 12 1.8 53 
no oral dose 
Full intravenous- 0.5 15 2.5 71 


reduced oral dose 


The randomization procedure was effective in that 
the placebo and metoprolol groups appear well bal- 
anced regarding individual baseline variables of prog- 
nostic importance. 

It can be concluded that, in accord with the study 
objectives, the randomized patients were not repre- 
sentative of all eligible patients and the treatment 
groups were well balanced at entry. 


Reference 


1. Hjalmarson A, Elmfeldt D, Herlitz J, Holmberg S, Málek I, Nyberg G, 
Rydén L, Swedberg K, Vedin A, Waagstein F, Waldenstróm A, Walden- 
stróm J, Wedel H, Wilhelmsen L, Wilhelmsson C. Effect on mortality of 
metoprolol in acute myocardial infarction: a double-blind randomised trial. 
Lancet 1981;2:823-827. 





The MIAMI Trial Research Group 





After 15 days there were 142 deaths in the placebo 
group (4.9%) and 123 deaths in the metoprolol group 
(4.3%), a difference of 13% (p = 0.29). The 95% 
confidence limits for the relative effect of metoprolol 
ranged from an 8% excess (—8%) toa 33% reduc- 
tion (+33%) in mortality. There was generally a 
lower mortality rate for metoprolol-treated patients in 
most subgroups and a consistent tendency for a more 
pronounced difference between the treatment groups 
in those subgroups with a placebo mortality rate high- 
er than the average for all placebo patients. Most 
deaths were cardiac and occurred among patients 
who developed a definite myocardial infarction 
(97%) and most of these had a Q-wave infarction 
(8396). Using a simple model, the placebo mortality 
was found to increase with increasing number of 8 risk 
predictors defined from prestudy experience, from 
0% in patients with no risk predictors to 11.6% in 





During the last 2 decades a large number of random- 
ized placebo-controlled trials have been performed us- 
ing 6 blockers in the treatment of survivors of an acute 
myocardial infarction (AMI).! A beneficial effect on 
mortality by 8 blockade has been demonstrated most- 
ly in late-entry studies with start of treatment 1 to 
several weeks after onset of infarction.” The total 
mortality reduction has averaged around 2596. It is 
now widely accepted that 8 blockade can improve 
long-term survival after AMI. 

A smaller number of studies involved early start of 
treatment in AMI patients shortly after their arrival in 
a hospital.* The Göteborg Metoprolol Trial? showed 
a significantly lower total mortality in the treated 
group at the end of 3 months of follow-up. 

The primary objective of the present trial was to 
evaluate further the effects of metoprolol on total 
mortality during the first 15 days after onset of sus- 
pected AMI. According to the protocol, subgroups 
were formed with respect to delay time, heart rate and 
suspected site of infarction at entry. 
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patients with any 5 or more of these risk factors. 
Similarly, there was an increase in the difference 
between the treatment groups in favor of metoprolol 
with increasing number of placebo risk factors. Meto- 


prolol had no apparent effect in a low-mortality risk — 


group (<2 risk factors), but there was a difference in 
mortality of 2996 in favor of metoprolol in a high-risk 
group (2:3 risk factors) comprising one-third of the 
trial population. A multivariate model provided further 
evidence that the effect of metoprolol was not uniform 
among different risk categories based on clinical his- 
tory and status at entry. There was no tendency for a 
significant drug effect in the low- and medium-risk 
classes. In the high-risk class constituting 2396 of 
patients, however, there was an indication of a benefi- 
cial effect estimated as 39% reduction of mortality 
(9596 confidence interval: +4 to +61%). 

(Am J Cardiol 1985;56:15G-22G) 


Patients and Methods 


All randomized patients were included. Information on 
the time, place (in or outside hospital), cause (cardiac or 
noncardiac) and mode of death was recorded. 

Cardiac deaths were classified as end-stage left ventricu- 
lar failure/congestive heart failure with or without lethal 
arrhythmias; primary lethal arrhythmias including ventric- 
ular fibrillation and asystole; sudden circulatory collapse; 
other; and unknown. Sudden circulatory collapse includes 
suspected or proven rupture of ventricular wall without ob- 
served arrhythmias or block. Among autopsied patients rup- 
ture of ventricular wall was recorded. 

For descriptive purposes, mortality has also been exam- 
ined in association with other outcome variables such as 
final diagnosis of and site of infarction (days 0 to 3). No 
statistical testing has been conducted on such associations. 

Statistical analyses: The standard principles of statisti- 
cal analyses? were applied. The mortality data from day 0 to 
day 15 have been analyzed on the *'intention-to-treat" basis 
for all 5,778 patients randomized into the study. 

Multivariate analyses were conducted to determine if the 
effect of metoprolol was dependent on baseline risk.’ The 
study documented baseline variables known to be risk pre- 
dictors of short- and long-term mortality rates.?? These risk 
predictors have been considered in the multivariate analyses 
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TABLE! Total Mortality in Subgroups According to Clinical History 


% Mortality (no. of deaths/pts*) 


in Group: 


Group Placebo 
All Patients! 4.9 (142/2,901) 
Sex 
Men 4.5 (101/2,240) 
Women 6.2 (41/661) 
Age 
<60 yrs (median) 1.8 (27/1,505) 
>60 yrs 8.2 (115/1,396) 
Myocardial infarction 
Yes 7.7 (36/467) 
No 4.3 (105/2,433) 
Angina pectoris 
Yes 6.0 (51/855) 
No 4.4 (90/2,045) 
Congestive heart 
failure 
Yes 9.5 (10/105) 
No 4.7 (131/2,795) 
Hypertension 
Yes 7.6 (31/410) 
No 4.4 (110/2,490) 
: Diabetes 
| Yes 11.3 (25/221) 
: No 4.3 (116/2,679) 
Smoking 
Yes 3.9 (59/1,509) 
No 5.8 (81/1,390) 


Difference! 

Metoprolol 96 
4.3 (123/2,877) 13 
4.2 (95/2,244) 6 
4.4 (28/633) 29 
1.9 (27/1,460) E. 
6.8 (96/ 1,417) 18 
4.6 (21/459) 41 
4.2 (102/2,418) 2 
4.5 (36/798) 24 
4.2 (87/2,079) 5 
6.3 (7/112) 34 
4.2 (116/2,765) 10 
4.9 (19/390) 36 
4.2 (104/2,487) 5 
5.7 (1 17192) 49 
4.2 (112/2,685) 4 
8.6 (52/1,457) 9 
5.0 (71/1,420) 14 


* For a few patients, some data on baseline characteristics were unavailable. Hence data in some 


subgroups do not equal total patients. 


t 96 difference in mortality = (placebo mortality — metoprolol mortality) X 100/placebo mortality. 
* Two patients in the placebo group were lost to 15 days' follow-up at the time the code was broken 
and were assumed to be alive in these calculations. One of these patients has subsequently been 


confirmed as alive. 


aimed at determining how these baseline variables individ- 
ually contribute to mortality risk in this patient sample and 
thus develop a mortality risk function from which an aggre- 
gate risk of dying within 15 days can be calculated for each 
patient. In developing this risk function, an assessment of 
Whether specific risk predictors also influence the effect of 
 metoprolol was also attempted. Two-tailed p values are giv- 
en without any correction for multiple significance testing. 
Two approaches were used. The first approach has been 
reported previously!? and uses a risk function derived from 8 
baseline variables: age >60 years (median), abnormal signs 
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FIGURE 1. Cumulative percentage of mortality and number of deaths 
by time in the 2 treatment groups. 


on electrocardiogram (ECG), history of myocardial infarc- 
tion, hypertension, angina pectoris, congestive heart failure, 
diabetes, short- or long-term treatment with diuretics or 
cardiac glycosides. The mortality rate was examined in 6 risk 
groups in which patients had 0, 1, 2, 3, 4 and 25 of any of 
these risk factors. Two groups were formed retrospectively: a 
low-mortality risk group (<2 risk factors) and a high-risk 
group (Z3 risk factors). 

The second approach uses the logit model,^!! which is 
similar to a logistic regression model and enables the assess- 
ment of how the death risk varies with these risk predictors 
and if the effect of metoprolol varies with 1 or more of these 
predictors. The following 6 possible predictors of death risk 
were evaluated in a logit model for mortality within 15 days: 
age (3 classes, <54, 55 to 64 and 265 years), signs on ECG at 
entry (2 classes, normal and abnormal), risk group based on 
clinical history and status at entry (3 classes, low, medium 
and high), geographical region (3 classes, countries outside 
Europe, continental Europe and the United Kingdom, 
and Finland, Norway and Sweden), delay time (3 classes, 
<4, 4 to 8 and >8 hours) and drug (2 classes, placebo and 
metoprolol). 

The clinical status variable of risk was defined as follows: 
high required that at least 1 of the risk indicators was pre- 
sent (history of myocardial infarction, congestive heart fail- 
ure or diabetes); medium required that no indicator from the 
high-risk group was present but at least 1 of history of angina 
pectoris or hypertension, heart rate 290 beats/min or short- 
term treatment with diuretics in-hospital before randomiza- 


tion; and low required that no risk indicator belonging to the - 


high and medium class was present. 

The measure of death risk used in the logit model was the 
odds of death (the probability of death divided by the proba- 
bility of survival). 
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TABLE | Total Mortality in Subgroups According to Long- or Short-Term Treatment 


Before Randomization 


% Mortality (no. of "ws 


in Group: Difference * 
Group Placebo Metoprolol 96 
y . j 
ud Long-term 
Cardiac glycosides 
Yes 9.3 (17/182) 3.3 (5/152) 65 
No 4.6 (124/2,7 18) 4.3 (117/2,724) 6 
Diuretics 
Yes 7.4 (32/430) 4.4 (18/406) 40 
No 4.4 (109/2,470) 4.2 (104/2,470) 5 
Antihypertensives 
(other than diuretics) 
Yes 7.1 (11/155) 5.5 (8/145) 22 
No 4.7 (130/2,745) 4.2 (114/2,731) 12 
Antiarrhythmics 
Yes 7.0 (3/43) 3.5 (1/29) —- 
No 4.8 (138/2,857) 4.1 (121/2,847) 12 
Short-term 
(after admission) 
Cardiac glycosides 
Yes 4.7 (4/86) 2.6 (2/76) a= 
No 4.9 (138/2,815) 4.3 (121/2,801) 12 
Diuretics 
Yes 9.1 (31/341) 7.4 (24/326) 19 
No 4.3 (111/2,560) 3.9 (99/2,551) 11 
Atropine 
Yes 11.5 (7/61) 4.6 (2/44) -—- 
No 4.8 (135/2,840) 4.3 (121/2,833) 10 
d * 96 reduction in mortality (see Table |). 
TABLE Ill Total Mortality in Subgroups in Relation to Clinical Status at Entry 
% Mortality (no. of deaths/pts) 
in Group: Difference * 
Group Placebo Metoprolol 96 
Pulmonary 
rales (S 10 cm) 
Yes 7.6 (34/446) 7.6 (34/450) 0 
No 4.4 (108/2,455) 3.7 (89/2,427) 17 
HR (beats/min) 
x80! 4.3 (68/1,582) 3.4 (55/1,604) 20 
280 5.6 (74/1,319) 5.3 (68/1,273) 5 
€ (mm Hg) 
« 1401 4.9 (85/1,724) 4.3 (72/1,666) 12 K 
>140 4.8 (57/1,177) 4.2 (51/1,211) 13 
" Signs on ECG 
EA Normal 0.9 (5/586) 0.9 (5/535) — 
Pathologic 3.7 (11/297) 2.3 (7/301) 38 
Suspected AMI 6.2 (125/2,017) 5.4 (111/2,041) 13 
Location of suspected AMI , i 
Anterior 8.2 (78/958) 7.0 (68/974) 15 
Inferior 4.5 (36/800) 3.3 (26/786) 27 
Others 4.3 (11/259) 6.0 (17/281) —40 
Delay time* (hours) | 
«6.71 4.9 (72/1,477) 4.8 (68/1,415) 18 
>6.7 4.9 (70/1,424) 3.8 (55/1,462) 248 
* % reduction in mortality by metoprolol. 
t Median. 
t Time from onset of symptoms to blind injection. 
3 Baseline variables predicting mortality not well balanced (delay time was not important in a 
multivariate analysis). 
AMI — acute myocardial infarction; ECG — electrocardiogram; HR = heart beck SBP = systolic blood 
pressure. 
Results from an 8% excess (—8%) to a 33% reduction (+33%) in | 
rF mortality. The cumulative mortality was always high- - 5 


After 15 days there were 142 deaths in the placebo 
group (4.9%) and 123 deaths in the metoprolol group 
(4.3%), a difference of 13% (p = 0.29). The 95% confi- 
dence limits of the relative effect of metoprolol ranged 
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er in the placebo group (Fig. 1). 
Univariate analyses: Mortality was examined i in 


relation to baseline variables (Tables I, II and III). — 
Concerning the average effect in all patients, there was _ 
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TABLE IV Mortality in Subgroups in Relation to Final 
Infarct Diagnosis and Site Defined During Days 


DE 


0 to 3 | 
No. of deaths (pts. in group) 
Group Placebo Metoprolol 
Myocardial infarction 
None 2 (639) 1 (635) 
Possible 2(161) 2 (214) 
Definite 137 (2,099) 120 (2,028) 
Missing 1 (2) 
- Non-Q-wave definite 17 (537) 28 (565) 
infarction 
Q-wave definite 120 (1,562) 92 (1,463) 
infarction 
Site of definite 
infarction 
Anterior 81 (981) 71 (978) 
Inferior 36 (819) 30 (783) 
Others 20 (299) 19 (267) 


generally a lower mortality for metoprolol-treated pa- 
tients in most subgroups. Further, there was a consis- 
tent tendency for a more pronounced difference be- 
tween the treatment groups in those subgroups with a 
placebo mortality higher than the average for all pla- 
cebo patients. 
_ From information collected during study days 0 to 3, 
patients were diagnosed as having definite, possible or 
no AMI. Patients with definite AMI were classified 
Into those with and without Q-wave infarction and 
according to site of definite AMI (Table IV). Most 
deaths occurred among patients who developed a defi- 
nite AMI (97%) and most of these had a Q-wave infarc- 
tion (83%). 

-= Table V shows that most deaths occurred in the 
hospital and were cardiac. About half of the patients 
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FIGURE 2. Cumulative percentage of mortality and number of deaths 
by time in the 2 treatment groups and according to risk group assign- 
ment (see Table VI). 


TABLE V Classification of Deaths 


No. of deaths (% in group of deaths) 


Classification Placebo Metoprolol 
All deaths n= 142 n= 123 
Place of death 
In hospital 129 (91) 115 (93) 
Out of hospital 13 (9) 8 (7) 
Cause of death 
Cardiac 138 (97) 118 (96) 
Noncardiac 4 (3) 5 (4) 
All in-hospital deaths n = 129 n — 115 
Heart failure (LVF/CHF) 
Without arrhythmias 40 (31) 36 (32) 
With arrhythmias * 29 (22) 27 (23) 
Arrhythmias* or block 
without LVF/CHF 32 (25) 28 (24) 
Sudden circulatory 
collapse! 21(16) 19 (17) 
Other 6 (5) 5 (4) 
Unknown 1 (1) 0 (0) 
Autopsy performed n = 753 n = 67? 
Rupture of ventricular 39 (52) 32 (48) 


wall 


* Lethal arrhythmias including ventricular fibrillation and asystole. 

t The majority of patients were clinically judged to have a rupture of 
ventricular wall and most verified by autopsy. 

ł Autopsy was performed in 53 and 54% of all deaths in the 
placebo and metoprolol groups, respectively, often to verify suspect- 
ed rupture. 

CHF = congestive heart failure; LVF = left ventricular failure. 


had heart failure and as many showed arrhythmias or 
block with or without concomitant heart failure. The 
proportion of such events in the treatment groups was 
very similar. Approximately 50% of the patients in 
both groups had signs of ventricular wall rupture on 
autopsy. 

Analyses with a simple risk predictor: Using the 
simple model, the placebo mortality was found to in- 
crease with increasing number of the 8 risk predictors 
present (‘Table VI), from 0% in patients with no risk 
predictors to 11.6% in patients with any 5 or more of 
these risk factors. Similarly there was an increase in 
the difference between the treatment groups in favor 
of metoprolol with increasing number of risk factors. 
Baseline characteristics for the placebo- and metopro- 
lol-treated groups were comparable within the low- 
(<2 risk predictors) and high- (73 risk predictors) risk 
groups, respectively. Metoprolol had no apparent ef- 
fect in the low-mortality risk group (95% confidence 
limits for the relative metoprolol effect —54 and 
+28%) but there was a difference in mortality of 29% 
(95% confidence limits +5 and +53%) in favor of meto- 
prolol in the high-risk group (2,038 patients), con- 
stituting one-third of the trial population (Table VI, 
Fig. 2). 

Multivariate analysis: In the logit model, the 4 
predictors age, ECG, geographical region and risk had 
significant and independent effects on the odds for 
death. Delay time did not have a significant associa- 
tion with the risk of death nor was there a significant 
interaction between delay and the effect of metopro- 
lol. Delay was therefore excluded from the model. Fur- 
ther analyses were based on the contingency table that 
included status (dead or alive), age, ECG, geographical 
region, risk and drug. In this model all predictors ex- 
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cept drug had a significant association with mortality 
risk (p «0.005 for all) and the influence on the placebo 
patients is illustrated in Figure 3. The overall fit of the 
model was good (p = 0.89). Models including an inter- 
action between drug and one of the other predictors 
were considered but only the interaction between drug 
and risk was non-negligible with a p value of 0.17. This 
interaction was not significant but the power of the 
interaction test is probably weak in the absence of a 
strong main drug effect. Because the interaction pat- 
tern with a more pronounced effect in the high-risk 
group (Fig. 4) seemed very reasonable, this interaction 
was investigated further. This logit model was tested 
against other similar models in which other interac- 
tions between drug and one of the other predictors 
were added and against models in which 1 predictor 
was deleted. These other interactions were weak and 
none of the alternative models gave a better fit to the 
observed data than the chosen model. There was a 
tendency for the drug effect to increase with increas- 
ing age, but this interaction was less pronounced than 
that with the risk group and so was not included i in the 
model. 

The logit analysis indicates that the uncertainty 
about the effect of metoprolol on the risk of death is 
large and that the effect is perhaps not uniform in the 
different risk classes (Fig. 4). The 95% confidence in- 
tervals for the difference in the death risk between 
placebo- and metoprolol-treated patients are —63 to 
+40% for the low-risk group, —56 to +29% for the 
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FIGURE 3. Logit analysis of mortality. Relative odds for death by 

categories of age, signs on electrocardiogram (ECG), risk class and 
geographic regions. 
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TABLE VI Total Mortality in All Patients in Various 
Mortality Risk Groups Defined from Baseline 


Risk Predictors* 
% mortality (no. of deaths/pts) I 
No. of Risk in Group: Difference! — . 
Predictors Present Placebo Metoprolol % : 
0 0.0 (0/259) 0.0 (0/207) 0 
1 1.4(11/790)  1.8(15/820) —32 
2 5.3 (44/825) 5.6 (47/839) T 
3 6.4 (31/482) 5.6 (27/486) 14 
4 9.1(26/286)  7.0(21/302) 24 
26 11.6 (30/259) 5.8 (13/223) 50 
<2 (low risk) 2.9 (55/1,874) 3.3 (62/1,866) —13 
23 (high risk) 8.5 (87/1, 027) 6.0 (61/1,011) 29 


* The 8 risk predictors were: age >60 years (median); abnormal - 
ECG at entry; history of myocardial infarction, angina pectoris, con- 
gestive heart failure, hypertension or diabetes; long- or short-term - 
treatment with diuretics or cardiac glycosides before randomization. - 

t 96 difference in mortality (see Table I). 


medium-risk group and +4 to +61% for the high- risk 

group. These are nominal 95% confidence limits with- _ 
out correction for multiple comparisons. The high- risk | | 
group consisted of 23% of all randomized patients and — 
40% of the placebo deaths. The possibility of a strong | 
beneficial effect of metoprolol in the high-risk group - 
was further investigated by examining the observed | 
death rates. Figures 5 and 6 show the observed death 
rates in the different age classes and in the different — 
geographic regions, respectively, among patients with © 
abnormal signs on ECG and belonging to the high-risk - 
class. In the high-risk class, metoprolol mortality was : 
lower than placebo mortality in all 3 age classes and © 
throughout the 3 geographic regions. There is consis- - 
tency within the data for the high-risk class. When the © 
data were broken down simultaneously according to - 
age and geographic region for patients in the high-risk — 
class, metoprolol-treated patients showed a lower 
mortality than placebo-treated patients in all 9 cells - 

except 1 in which they were equal (Fig. 7). | 
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á Discussion 
; 

_ The MIAMI trial was designed to study the effect of 
early intervention with metoprolol in a selected group 
of suspected AMI patients having a predicted placebo 
mortality rate of 7% after 15 days. The sample size was 
calculated to detect a difference of 35% in mortality 
between the 2 treatment groups with a power of 90% 
(2-sided, p <0.05). The project protocol allowed for an 
increase in the sample size if the total mortality was 
lower than assumed after 2,000 patients were entered. 
The final placebo mortality rate (4.9%), however, was 
still lower than anticipated. Clearly, a considerable 
proportion of the randomized patients were low-risk 
patients who had been legitimately included according 
to the selection criteria. This may explain why the 
observed difference in mortality between treatment 
groups (13%) was less than expected and not statisti- 
cally significant (95% confidence interval —8 to 4-339). 
A trial of 15,000 to 20,000 patients would be required 
to obtain statistical significance for a difference of 13% 
with a placebo mortality rate of 5%. 

- In a recent review,* the pooled results (from 4,555 
patients) given early treatment with intravenous and 
oral 8 blocker showed a 1-week mortality rate of 4.7% 
in control subjects compared with 4.3% for the 6- 
blocker group, a difference of about 10%. From that 
pooled data, the upper 95% confidence limit was re- 
ported to be compatible with a 33% reduction in the 
odds of death; thus, it is in close agreement with the 
confidence limit of the MIAMI trial. In a recently 
published early intervention study of metoprolol in 
800 patients from Belfast,!? no significant difference 
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'IGURE 5. Observed mortality rate by age and treatment group for 
atients with abnormal signs on electrocardiogram and belonging to 
he high-risk class (see text). 
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` in the in-hospital mortality rate was found between 


the placebo and metoprolol group, 5.2 vs 6.096, respec- 
tively, with 95% confidence limits of —81 and +51%. 

With a simple method, risk categories were defined 
using the unweighted combination of 8 risk predictors. 
With the presence of increasing numbers of risk pre- 
dictors, the placebo mortality increased as did the 
difference between the death rates of the treatment 
groups. It appears that the study patients are com- 
posed of patients with a broad spectrum of mortality 
risk; most are at low risk that seems unaltered by 
metoprolol treatment after 15 days. It should be noted 
that the very high-mortality-risk patients were not 
included in this trial because the severity of their car- 
diovascular complications contraindicated treatment 
with a 8 blocker. 

À multivariate analysis was necessary to quantitate 
the individual contribution of the risk predictors and 
to assess whether metoprolol's effect was influenced 
by these predictors. P. 

It is likely that marked variations in mortality be- 
tween centers and between countries will be found in a 
large multicenter trial. From the logit model it was 
found that geographic region had importance for pre- 
diction of mortality in addition to age, abnormalities 
on ECG and risk class based upon clinical history and 
status at entry. The lowest mortality was found out- 
side Europe (Australia, New Zealand, Canada and 
Southeast Asia), while in Europe, Finland, Norway and 
Sweden had slightly higher odds for death than the 
rest of continental Europe and the United Kingdom. 

The need to include geographic status to account for 
regional variations in mortality most likely indicates 
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FIGURE 6. Observed mortality rate by geographic region and treat- 
ment group for patients with abnormal signs on electrocardiogram 
and belonging to the high-risk class (see text). 
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FIGURE 7. Observed mortality rate 
by age, geographic region and treat- 
ment group for patients with abnormal 
signs on electrocardiogram and be- 
longing to the high-risk class (see 
text). O = placebo; Ø = metoprolol. 
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variations in patient selection between centers and 
regions that have not been adequately described by 
the baseline characteristics included in the model. 
This possibility will be explored further by examining 
the mortality among excluded patients in some repre- 
sentative centers. 

The main indication from the logit model was that 
the effect of metoprolol was perhaps not uniform 
among the different risk classes defined from the pa- 
tients’ clinical history and status at entry. The ob- 
served difference in mortality in favor of metoprolol in 
the high-risk group was independent of age, signs on 
ECG at entry and geographic location of the patient. 
These findings are also consistent with results from 
other studies. 

A beneficial effect among patients older than 60 to 
65 has been observed for metoprolol in an early-inter- 
vention study? and for timolol, propranolol and me- 
toprolol in late-intervention studies.!3-15 On the other 
hand, a tendency toward an increased mortality in 
patients older than 65 treated with 8 blockers has been 
suggested from an early-intervention study with al- 
prenolol'® and a late-entry study with oxprenolol.!" 
The evidence from the present study—that patients 
with a history of cardiovascular disease or diabetes 
were at higher risk and achieved greater benefit—is in 
keeping with similar observations in other 8-blocker 
postinfarction studies.26.15,.18,19 

The data from the MIAMI patient population obvi- 
ously indicate a considerable heterogeneity in the dis- 
tribution of baseline risk factors and associated mor- 
tality outcome. It is likely that this may be mainly 
explained by differences among centers in selection of 
trial patients. 

One method of assessing the reproducibility of the 
previous Góteborg Metoprolol Trial would be to com- 
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studies. The patients selected with MIAMI entry cri- - 
teria from the Göteborg Metoprolol Trial showed a - 
7.0% placebo and a 3.8% metoprolol mortality rate © 
after 15 days, a 45% difference (unpublished data). — 
Similar results were obtained for all MIAMI patients - 
recruited at these 3 hospitals: 9.9% placebo and 4.0% — 
metoprolol mortality rates, a difference of 60%. The — 
results obtained in these 3 hospitals were thus very — 
similar in the 2 trials; they are also similar to those in. 
the high-risk patients in the MIAMI trial. F 

It appears that early intervention with metoprolol — 
in suspected myocardial infarction can achieve an ear- — 
ly reduction in mortality, the magnitude of which is — 
dependent upon the average death risk of the patient — 


group. 
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Development of Myocardial Infarction 


The MIAMI Trial Research Group 





The effect of metoprolol on the development of an 
acute myocardial infarction (AMI) during days 0 to 3 
and on late first and recurrent infarctions during days 4 
to 15 has been investigated. Signs on electrocardio- 
gram (ECG) were well balanced between the treat- 
ment groups at entry; 70% of patients had signs of 
suspected AMI and 19% of patients had normal 
ECGs. The remaining patients had abnormal ECGs but 
actual infarction could not be localized. The localiza- 
tion of suspected AMI was equivalently distributed in 
the 2 groups before randomization. Metoprolol altered 
the distribution of patients diagnosed during days 0 to 
3 as having definite, possible or no AMI (p <0.02). In 
the placebo group, there were more patients with 
definite AMI (72.5% vs 70.5%) and less with possi- 
ble AMI (5.6% vs 7.4%) than in the metoprolol 
group. A larger proportion of patients developed a Q- 
wave infarction during days 0 to 3 in the placebo 
group (53.996) compared with the metoprolol group 
(50.9%, p = 0.024). No difference in the effect of 
metoprolol regarding localization of the early AMI was 


observed. Late first myocardial infarction develop- 
ment (days 4 to 15) was observed in 20 patients 
(0.7%) in each group. Recurrent myocardial infarc- 
tion tended to develop more frequently during days 4 
to 15 in the placebo group compared with the meto- 
prolol group (3.9% vs 3.0%, p = 0.08). In a multivar- 


iate analysis, delay time between onset of symptoms — 
and randomization, signs on ECG at entry and meto- © 
prolol treatment were found to have a significant effect- 


on the development of an AMI during days 0 to 3. 
Additionally, the delay time significantly influenced 
this effect of metoprolol. Metoprolol was found to 
decrease the risk of a definite AMI for patients treated 
early, while almost no effect was seen in patients 
treated more than 8 hours after onset of pain. In 
patients randomized early, the incidence of early AMI 
was particularly lowered in the metoprolol group 
among patients with heart rate, systolic blood 
pressure and rate pressure product higher than the 
median. 

(Am J Cardiol 1985;56:23G-26G) 


see ————o——mA 


Upon hospital admission many patients with symp- 
toms of acute myocardial infarction (AMI) have not 
yet developed clear-cut abnormalities on the electro- 
cardiogram (ECG). A proportion of these patients may 
have arrived relatively early in the course of their 
infarction. Therefore, an appropriate intervention ap- 
plied very soon after hospital arrival might prevent the 
infarct development. 

The objectives of the present trial were to assess the 
incidence of definite AMI within 3 days, the incidence 
of late first myocardial infarction and recurrent myo- 
cardial infarction during the remaining trial period 
and the incidence of definite myocardial infarction 
during 5 and 15 days in patients with and without 
signs of infarction on the admission ECG. Accord- 
ing to the protocol, subgroups were formed with re- 
spect to delay between onset of pain and blind injec- 
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tion, heart rate and suspected site of infarction before 
randomization. 


Patients and Methods 
The data from all randomized patients were analyzed. The 


diagnosis of infarction during days 0 to 3 was recorded as well as : 
the type of diagnostic evidence and the site of infarction. The — 
occurrence of a late first infarction or a recurrent infarction - 


during days 4 to 5 and days 6 to 15 was also documented! | 
Signs of AMI on ECG before randomization, including S'T 


elevation, T-wave inversion or Q waves, were used to docu- — 


ment the localization of myocardial infarction before trial 
injection in the same way as for the final diagnosis. The 
absence of all pathologic changes on ECG was noted as was 
the presence of pathologic changes, e.g., heart block and 
previous myocardial infarction, preventing further ECG 


classification. In addition to the subgroup analyses stated in — 


the protocol, a number of subgroups were formed based on 
systolic blood pressure, rate-pressure product, pulmonary 
rales before trial injection, age and clinical history (previous 
myocardial infarction, angina pectoris and hypertension). 
The general principles of statistical analysis were followed 
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and have been described in a previous article in this issue.! 





E TABLE | Electrocardiogram (ECG) Findings of Suspected 
| Acute Myocardial Infarction (AMI) Before 
r Randomization 


Placebo Metoprolol 
E 96 n % n 
ECG without pathologic changes 20.2 586 .18.6 535 


ECG pathologic but actual myocardial 10.2 297 10.5 301 
— infarction cannot be localized 
.. due to heart block, previous 

. myocardial infarction, etc. 





Bion of suspected AMI 69.6 2,017 70.9 2,041 
= Anterior wall involvement 33.0 958 33.9 974 
Inferior wall involvement 27.6 800 27.3 786 

Other involvements 8.9 259 9.8 281 
— Pure anterior wall 24:7 715 26:3. 727 
— Pure inferior wall 22.0 640 224 644 
_ Missing 1 


| 
TABLE il Acute Myocardial Infarction (AMI) During Days 
: 0 to 3 





| | Placebo Metoprolol 

| 96 n 96 n 

| 
No AMI 22.0 639 22.1 635 
Possible AMI 5.6 161 7.4 214 
Definite AMI 72.5 2,099 70.5 2,028 
Missing 2 

Results 


. Signs of suspected AMI on ECG before randomiza- 
tion were observed in 69.5% of the patients in the 
placebo group versus 70.9% in the metoprolol group. A 
similar proportion of patients in both groups (10.2% vs 
10.5%) had an ECG with pathologic signs but actual 
infarction could not be localized. The localization of 
ECG abnormalities was equivalently distributed in 
the 2 groups before randomization (Table I). 

_ Early acute myocardial infarction (days 0 to 3): 
The distribution of definite and possible AMI differed 
in the 2 groups (p <0.02). In the placebo group the 
patients had more definite and less possible AMI than 
patients in the metoprolol group (Table II). 

. A larger proportion of patients developed a Q-wave 
infarction in the placebo group compared with the 
metoprolol group (53.9% vs 50.9%, p = 0.024, Table 
III). No difference regarding localization of the early 
AMI was observed. 

_ Late first and recurrent myocardial infarction 
(days 4 to 15): Late first myocardial infarction devel- 
opment (days 4 to 15) was observed in 20 patients 
(0.7%) in each group. Recurrent myocardial infarction 
tended to develop more frequently during days 4 to 15 
in the placebo group compared with the metoprolol 
group (3.9 vs 3.0%, p = 0.08). 

Definite myocardial infarction (days 0 to 5 and 
days 0 to 15): During the first 5 days 72.6% of the 
patients in the placebo group versus 70.7% in the me- 
toprolol group developed a definite myocardial infarc- 
tion (p = 0.12). The number of patients developing 
myocardial infarction during days 0 to 15 was 73% 
versus 71.2% (p = 0.12, Table IV). 


TABLE Ill Type and Site of Definite Acute Myocardial 


infarction During Days 0 to 3 
Placebo Metoprolol 
% n % n 
Q wave 53.9 1,562 50.9 1,463 
Non-Q wave 18.5 537 19.6 565 


Anterior wall involvement 33.8 981 34.0 978 
Inferior wall involvement 28.3 819 27.2 783 
Other involvements 10.3 299 9.3 267 
Pure anterior wall 22.8 661 22.6 650 
Pure inferior wall 21.4 620 20.1 579 


TABLE IV Definite Myocardial Infarctions During Different 
Time Periods 


Placebo Metoprolol 
% n % n 
Days 0 to 5 72.6 2,106 70.7 2,035 
Days 6 to 15 2.8 78 1.9 52 


Days 0 to 15* 73.0 2,119 112 2,048 


* A few patients developed myocardial infarctions on days 0 to 5 as 
well as days 6 to 15 


In patients with signs of suspected AMI on ECG 
before randomization, 88.4% in the placebo group 
compared with 84.4% in the metoprolol group devel- 
oped myocardial infarction during days 0 to 5 (p = 
0.002). Corresponding values for days 0 to 15 were 
88.9% versus 85.6% (p = 0.002). 

In patients without signs of suspected AMI on ECG 
before randomization, 30.4% in the placebo group 
compared with 26.5% in the metoprolol group devel- 
oped myocardial infarction during the first 5 days (p = 
0.16). Corresponding values for days 0 to 15 were 31.7% 
and 27.7%, respectively (p = 0.14). 

Early acute myocardial infarction—univariate 
analysis: The incidence of definite AMI during days 0 
to 3 was reduced by metoprolol treatment in patients 
randomized early after onset of symptoms, with higher 
entry heart rate, systolic blood pressure and rate-pres- 
sure product and signs of suspected AMI on ECG 
before randomization (Table V). A higher incidence of 
AMI was observed in the placebo group compared 
with the metoprolol group in the elderly (Table V). 
There was no indication that previous myocardial in- 
farction, previous angina pectoris or previous hyper- 
tension were of importance. 

In patients randomized within the median delay 
time, the incidence of early AMI was particularly low- 
ered in the metoprolol group among patients with 
heart rate, systolic blood pressure and rate pressure 
product higher than the median (Table VI). 

Early acute myocardial infarction—multivar- 
iate analysis: The possible predictors of development 
of a definite AMI within 3 days after blind injection 
were: infarct localization at entry ECG (anterior, infe- 
rior, other, pathologic and normal); delay from onset 
of pain to blind injection (<4, 4 to 8 and >8 hours); 
heart rate (<80, 80 to 90 and >90 beats/min); and drug 
(placebo and metoprolol). All these predictors except 
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TABLE V Acute Myocardial Infarction (AMI) During Days 
0 to 3: Prerandomization Variables 


TABLE VI Acute Myocardial Infarction During Days 0 to 3 
in Patients Randomized Within the Median 





Placebo Metoprolol Delay rene (7 hours) 
— Placebo Metoprolol ‘3 
% n % n ———— 04 
| % n % n 3 
— Per protocol subgroups 5 
Delay time Heart rate before r 
< median 74.0 1,094 70.1 992 blind injection 
> median 70.6 1,005 70.9 1,036 < median 71.4 603 69.5 557 
Heart rate before > median 77.6 491 70.7 435 
blind injection Systolic blood pressure 
< median 69.5 1,099 686 1,100 before blind injection 
> median 75.8 1,000 72.9 928 < median 71.6 595 69.5 548 
Signs of AMI on ECG before > median 77.1 499 70.7. 444 
blind injection Rate-pressure product ye 
None 29.9 175 25.8 138 before blind injection ; 
Pathologic, but localization 46.1 137 49.5 149 < median 70.6 531 69.5 483 
not possible > median 77.6 563 70.6 500 am 
Suspected AMI 88.6 1,787 85.3 1,741 “ST ares ee Pe oT, ogee 
Anterior 89.9 861 85.2 830 
Inferior 91.6 733 90.8 714 ee 
Others 74.5 193 70.1 197 i 
Retrospectively formed subgroups has already started when they are regarded as suitable _ 
Systolic blood pressure before for intervention. In many patients Q waves appear - 
blind injection ean 23 
« median 69.8 1,203 70.4 1,173 within the first 2 hours after onset of symptoms.^? _ 
2 median 76.1 896 70.6 855 However, for other patients there is a longer interval - 
gi) eoe eed odio before until abnormalities appear on the ECG. E 
< median 69.1 1,028 69.3 984 Propranolol given to patients with threatening AMI 
n 2 median 75.8 1,071 71.6 1,044 without changes on ECG within 4 hours of onset of — 
e ea, 68.1 1,025 68.1 994 pain resulted in fewer completed infarctions.‘ Similar _ 
> median 76.9 1,074 73.0 1,034 results have been reported for atenolol.5 
In the Göteborg Metoprolol Trial there was no effect — 
on the development of confirmed early AMI in all - 
oe patients. In a retrospective subgroup analysis, the pa- 
heart rate were found to have significant effects on the tients given metoprolol within 12 hours after the onset — 
odds for a definite AMI. | of pain and with a heart rate >70 beats/min before _ 
Metoprolol decreased the risk of a definite AMI for start of treatment were partly protected against devel- 
patients treated early, while almost no effect was seen opment of AMI.6 
for patients treated >8 hours after onset of pain (p = Speculations regarding a protective role of long- 
0.02 for the test of interaction between drug and delay term B blockade against the development of myocardi- _ 
time; p = 0.01 for the test including both main drug al infarction were first reported in 1973.7? In several | 
effect and drug interaction with delay time). The risk trials evaluating the effect of long-term 8 blockade 
for an AMI varied with signs at entry ECG (Table after myocardial infarction it has been shown that - 
VII), but there was no significant interaction between chronic 8 blockade reduces the incidence of nonfatal 
the effect of metoprolol and ECG signs at entry. reinfarction.-? In the Göteborg Metoprolol Trial, 
-— fewer patients developed a late myocardial infarction — 
Discussi in the metoprolol group.!4 In other studies, no differ- - 
E — ence between treatment groups was detected.!5.16 | 
In most patients admitted to a coronary care unit The present results indicate that metoprolol treat- - 
with a strong suspicion of AMI, the infarction process ment may have transferred definite to possible AMI, | 
TABLE VII Observed Rates of Patients With Definite Acute Myocardial Infarction (AMI) Within 3 Days After Randomization 
and Expected Rates According to the Logit Model 
Signs on Electrocardiogram (ECG) Before Randomization 
Pathologic but ECG 
Localization ECG ECG Indicating 
Delay of AMI Not Indicating Indicating Other AMI 
Time Normal Possible Anterior AMI Inferior AMI Localization 
(hours) P P P M P M P M 
F observed 30.7 19.3 44.8 52.9 94.0 85.1 93.4 92.3 75.4 65.5 
<4 expected 32.9 24.7 54.2 44.2 90.1 85.9 93.1 90.0 77.2 69.4 
observed 32.4 27.0 50.0 41.7 90.6 86.1 93.1 90.7 69.7 67.3 
4-8 expected 32.3 25.0 52.4 44.6 89.4 86.1 92.6 90.1 76.0 69.7 
observed 26.5 28.3 43.4 55.1 87.1 84.7 89.2 90.0 77.0 74.6 
>8 expected 26.3 27.1 46.3 47.4 86.9 87.4 90.7 91.1 71.2 72.1 


M = metoprolol; P = placebo. 









um 


and similarly Q-wave to non-Q-wave myocardial in- 
farction. Consequently it seems that treatment with 
‘metoprolol protected some patients from developing a 
definite Q-wave AMI. 

The results from the univariate analyses are consis- 
tent with those of the previous study: patients with a 
high initial rate-pressure product were at greater risk 

of developing AMI, and metoprolol treatment had a 
more pronounced effect in these patients. Also, age 
seemed to be important to the results. However, when 
further evaluating the results in a multivariate model, 
delay from onset of symptoms to start of treatment 
was found to be the most important determinant of 
the protective effect of metoprolol against infarct de- 
velopment. The effect is mainly restricted to patients 
given the treatment <8 hours after onset of pain, and 
the most pronounced differences were observed in 
those patients with normal signs on ECG at entry—a 
group that constituted only 20% of the study sample. 

The reduction in the number of Q-wave infarctions 

is in agreement with the concept of infarct size limita- 
tion. Recent studies also suggest that Q-wave infarc- 
tions have more complications and a worse prognosis 
than non-Q-wave infarctions.!7:18 
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Enzymatic Estimation of Infarct Size 


The MIAMI Trial Research Group 





The maximum serum activity for aspartate aminotrans- 
ferase (s-ASAT) during the first 3 days was recorded 
in 5,507 patients with suspected or definite acute 
myocardial infarction. The s-ASAT activity was cor- 
rected for the normal range from each center. The 
median s-ASAT activity was 4.9 arbitrary units in the 
placebo group versus 4.6 arbitrary units in the meto- 
prolol group (p = 0.072). Univariate analyses indicat- 


The estimated infarct size is a major determinant for 
morbidity and mortality in acute myocardial infarc- 
tion (AMI).!-4 Different methods for assessing infarct 
size are available; they include analyses of serum en- 
zyme activity, precordial electrocardiographic map- 
ping,® vectorcardiography’ and radionuclide meth- 
ods.? All these methods have disadvantages and none 
of them exactly reflects the infarct size. The maximum 
serum activity of enzymes, however, has been shown to 
quite closely reflect the size and the severity of the 
infarction.!-49-1! 

This article will describe the effect of metoprolol on 
serum enzyme activity. According to the protocol, sub- 
groups were formed with respect to delay time, heart 
rate and site of suspected infarction at entry. 


Patients and Methods 


All patients in whom any of the enzymes used for infarct 
size estimation was analyzed were included in this study. 

Blood samples were requested to be drawn according to 
local practice or at least once a day for days 0 to 3 to deter- 
mine serum enzyme activity. It was requested that all cen- 
ters should measure serum aspartate aminotransferase (s- 
ASAT) activity. The case report form allowed for recording 
of maximum assay results of s-ASAT, s-LD (lactate dehy- 
drogenase), s-LD1 (isoenzyme 1), s-CK (creatine kinase), s- 
CK MB and s-CK B. Data were recorded as either interna- 
tional units/liter or ukat/liter. A factor of 60 was used to 
convert ukat/liter to international units. Because routine 
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ed that the delay time between onset of symptoms 


and randomization and sympathetic activity at entry 


significantly influenced the effect of metoprolol. A 


similar decrease in serum enzyme activity after meto- __ 


prolol treatment was observed independent of signs of 
infarct localization on the entry electrocardiogram. 


(Am J Cardiol 1985;56:27G-29G) 


local methods were used for enzyme analyses, great differ- 
ences in numerical values of the enzyme activities were ex- — 


pected, mainly owing to different reaction temperatures (25 
to 37°C). The upper and lower limits of the normal range for 


each enzyme were recorded in all centers. Enzyme activity 


was therefore transformed to a corrected value (arbitrary 
unit, [a.u.]). A linear correction was obtained by dividing the 
difference of the individual serum activity and the midpoint of 
the local normal range by the midpoint of the local normal 
range. 


Because s-ASAT was the enzyme analyzed in almost all A 
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centers, this article will mainly deal with this enzyme. Over- 


all results will also be reported for the other enzymes, with 


exceptions for LD and LD1, which were studied in a subgroup k 
of patients in an optional study and will be reported else- — | 


where. 


In addition to the subgroup analyses stated in the proto- 


col, a number of subgroups were formed based on systolic 


blood pressure, rate-pressure product, pulmonary rales, age — | 


and clinical history (myocardial infarction, angina pectoris * 


and hypertension). 


Statistical analyses: The general principles of statistical E 
analysis were followed. Because only maximum serum activ- of 
ity was documented, it was considered inappropriate to con- 


duct a detailed multivariate analysis to assess the influence — 


of various baseline variables on the effect of metoprolol. 
Instead, pertinent subgroups are presented for descriptive 
purposes. 


Results 


Maximum serum activity for s-ASAT was recorded 
in 95% of patients with suspected or definite AMI. — 
Corresponding figures for s-CK, s-CK MBands-CK B | 
were 75%, 20% and 14%, respectively. A lower median - 
serum enzyme activity was observed in the metoprolol | 








TABLE! Maximum Serum Enzyme Activities in All 


Patients 
Placebo Metoprolol 
n Q, Median Q; Q; Median Q} 
s-ASAT 5,507 0.9 4.9 11.0 0.8 4.6 10.3 
s-CK 4,329 0.9 T.2 18.3 0.8 7.0 17.2 
s-CKMB 1,144 1.0 8.6 23.5 0.9 7.4 19.6 
s-CKB 806 2.0 9.0 189 2.0 8.0 18.5 


Q, = lower quartile; Q4 = upper quartile. 


TABLE I Maximum s-ASAT Activity in Relation to Delay 
Between Onset of Symptoms and 
Randomization, Heart Rate (HR), Systolic 
Blood Pressure (SBP) and Rate-Pressure 
Product (RPP) Before Blind Injection 


Placebo Metoprolol 
Subgroup* n Median a.u. Median a.u. 
Delay time 2,786 5.3 4.7 
€7 hrs 
Delay time 2,721 4.4 4.4 
27 hrs 
HR <80 beats/min 3,048 4.1 4.2 
HR >80 beats/min 2,459 5.9 §.2 
SBP <140 mm Hg 3,209 4.4 4.8 
SBP > 140 mm Hg 2,298 5.3 4.2 
RPP <11,200 2,766 4.1 4.4 
RPP >11,200 2,741 5.9 4.7 


* Dichotomized by the median. 
a.u. = arbitrary unit. 


group compared with placebo for all enzymes (Table 
I). The median s-ASAT activity was 4.9 a.u. in the 
placebo group versus 4.6 a.u. in the metoprolol group 
(p = 0.072). 

In patients entered within the median delay time (7 
hours), the reduction in serum enzyme activity after 
metoprolol treatment was more substantial (p = 0.026, 
Table II). 

Among all randomized patients initial heart rate did 
not appear to have a pronounced influence on the 
effect of metoprolol treatment on s-ASAT activity (p 
— 0.12, Table II). In patients with a systolic blood 
pressure higher than the median (140 mm Hg), s- 
ASAT activity was lower in the metoprolol group com- 
pared with the placebo group (p «0.001, Table IT). In 
patients with a rate-pressure product higher than the 
median before randomization, s-ASAT activity was 
higher in the placebo group compared with the meto- 
prolol group (p «0.001, Table II). 

Among patients randomized within the median de- 
lay time (7 hours) and with heart rate, systolic blood 
pressure or rate-pressure product higher than the me- 
dian at entry, enzyme activity after metoprolol treat- 
ment was significantly decreased compared with pla- 
cebo (p = 0.026, p = 0.005 and p «0.001, respectively, 
Table III). 

In patients with signs of suspected AMI on electro- 
cardiogram before randomization, s-ASAT activity 
was higher in the placebo group compared with the 
metoprolol group (p «0.001, Table IV). A similar de- 


TABLE Il! Maximum s-ASAT Activity in Patients 
Randomized Within the Median Delay Time in 
Relation to Heart Rate (HR), Systolic Blood 
Pressure (SBP) and Rate-Pressure Product 
(RPP) Before Blind Injection 


Placebo | Metoprolol 

Subgroup * n Median a.u. Median a.u. 
HR <80 beats/min 1,586 4.7 4.6 
HR >80 beats/min 1,200 6.0 5.0 
SBP € 140 mm Hg 1,554 4.9 4.9 
SBP » 140 mm Hg 1,232 5.9 4.7 
RPP 11,200 1,391 4.3 4.8 
RPP >11,200 1,395 6.2 4.7 


* Dichotomized by the median. 
a.u. = arbitrary units. 


TABLE IV Maximum s-ASAT Activity in Relation to 
Findings on Electrocardiogram (ECG) Before 
Blind Injection 


Placebo Metoprolol 

ECG Before — — 

Blind Injection n Median a.u. Median a.u. 
No signs of AMI 1,090 0.6 0.6 
Signs of AMI 3,835 7.4 6.8 
Anterior AMI 1,824 7.8 7.5 
Inferior AMI 1,498 7.8 6.8 
Other AMI 513 5.0 4.0 
Pure anterior AMI 1,360 7.3 6.7 
Pure inferior AMI 1,212 7.8 6.6 


AMI = acute myocardial infarction; a.u. = arbitrary unit. 


crease in serum enzyme activity after metoprolol 
treatment was observed independent of infarct local- 
ization before randomization (Table IV). 

Among patients who developed definite AMI, s- 
ASAT activity tended to be higher in the placebo 
group compared with the metoprolol group (p = 0.10, 
Table V). 

In patients older than the median age, the serum 
enzyme activity was higher (5.4 a.u.) in the placebo 
group compared with the metoprolol group (4.7 a.u., p 
<0.010). 


Discussion 


The hypothesis that 6 blockade may limit indexes of 
infarct size in man has been tested. Intravenous 8 
blockers given early in the course of AMI have resulted 
in a reduction of ST-segment elevation and relief of 
chest pain.!?-14 In later, large, randomized trials 6 
blockade given within a few hours after the onset of 
pain has consistently lowered serum enzyme activi- 
ty;!5-21 in contrast, treatment started later has had no 
effect.15-1720 In some studies, independent electrocar- 
diographic registrations have supported these find- 
ings.1^18 In a recent propranolol study in AMI, no 
reduction in infarct size was detected perhaps because 
too few patients were included early.?? In that same 
study?? there was a tendency for a positive effect of 
propranolol in patients treated within 8 hours of onset 
of symptoms of AMI. 
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TABLE V Maximum s-ASAT Activity in Relation to Final 
Acute Myocardial Infarction (AMI) Diagnosis 





Days 0 to 3 
Placebo Metoprolol 
n Median a.u. Median a.u. 
No AMI 1,233 0.3 0.3 
Possible AMI 360 0.4 0.6 
Definite AMI 3,914 7.8 7.4 


a.u.— arbitrary unit. 


Different enzyme analyses were performed in the 
MIAMI trial according to the local practice in each 
center. In 95% of all participating patients, the maxi- 
mum activity of s-ASAT was recorded and, therefore, 
all results in the various subgroup analyses performed 
have been presented for this enzyme. One major disad- 
vantage of using s-ASAT activity as an indirect mea- 
surement of infarct size is its lack of specificity. This 
might have underestimated the true effect of metopro- 
lol. The reduction in serum enzyme activity, expressed 
in percentage, seemed to be higher when more heart- 
specific enzymes such as s-CK MB or s-CK B were 
analyzed. 

The findings of this study are compatible with other 
studies, even though the overall effect on serum en- 
zyme activity in all patients lacked pronounced statis- 
tical significance. They are also compatible with the 
findings of a study on infarct development,? in which 
delay time had an important influence on the effect of 
metoprolol. The reduction in serum enzyme activity 
appeared to be restricted to patients treated shortly 
after the onset of suspected infarction. 

In the previously reported Góteborg Metoprolol 
Trial?* the prerandomization heart rate and rate-pres- 
sure product were of importance. These findings were 
corroborated in this study. In addition the present 
study showed a reduction in serum enzyme activity in 
patients with a high systolic blood pressure. 

The better reduction of serum enzyme activity 
among patients with signs of infarction on the electro- 
cardiogram at the time of randomization might be 
explained by several factors. In the group of patients 
with no signs of AMI on ECG there were probably 
several patients with no ischemic heart disease. In the 
present study, infarct localization did not appear to 
influence the effect of metoprolol on enzyme levels. 

When the present results are considered and related 
to our previous report!” and reports from other 
groups,!°.!6.18 it must be concluded that early treat- 
ment with metoprolol limits enzymatically estimated 
infarct size and that the magnitude of this effect is 


strongly influenced by the time between onset of - 


symptoms and start of treatment. 


18. 


19. 
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Narcotic Analgesics and Other Antianginal Drugs 


The MIAMI Trial Research Group 





The effect of metoprolol on chest pain has been as- 
sessed in terms of the duration and the use of narcotic 
analgesics, nitrates and calcium-channel blockers. 
Fewer metoprolol-treated patients in the MIAMI trial 
were given narcotic analgesics (4996 of the placebo 
patients vs 44% of the metoprolol patients, p 
<0.001), nitrates (55% vs 5396, p = 0.10) and 
calcium-channel blockers (12% vs 996, p « 0.001). 
A total number of 6,697 dose equivalents of narcotic 
analgesics were given to the placebo group compared 
with 5,493 dose equivalents to the metoprolol group, a 
difference of 18% (p « 0.001). Mean dose equiva- 
lents were 2.3 and 1.9, respectively. The analysis of 
the total use of the 3 types of treatment for ischemic 
chest pain showed a significantly less frequent use of 
treatment for chest pain in the metoprolol group than 
in the placebo group (p « 0.004). The relative differ- 
ence in the incidence of drug treatment tended to be 
more striking for patients with maximal therapy, i.e., 


A variety of pharmacologic and other measures have 
been used to control chest pain in acute myocardial 
infarction (AMI) ranging from analgesics or tranquil- 
izers! to drugs that act mainly through direct or indi- 
rect effect on the ischemic myocardium.? Persistent or 
recurrent chest pain may induce adverse systemic and 
coronary circulatory effects via autonomic reflexes, 
mediated via sympathetic efferent nerves,? but also to 
some degree via the vagal nerve.* 

In order to relieve pain, very large doses of mor- 
phine-like drugs are sometimes required that may 
themselves induce unfavorable effects.5-’ Additional 
approaches to pain control in AMI are therefore desir- 
able. Earlier studies have suggested the beneficial ef- 
fect of metoprolol both in prevention of ischemic chest 
pain and treatment of pain.9-19 

The aim of the present analysis was to assess the 
effect of metoprolol compared with placebo on chest 
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receiving high doses of narcotic analgesics, nitrates 
and calcium-channel blockers. There were 22% few- 
er patients receiving 4 or more doses of narcotic 
analgesics in the metoprolol group than in the placebo 
group. A multivariate analysis disclosed that site of 
suspected infarction, delay time, entry systolic blood 
pressure and metoprolol treatment all had a significant 
effect on the use of narcotic analgesics. There was a 
nonsignificant tendency for heart rate to be of impor- 
tance. In the placebo group the use of narcotic analge- 
sics increased with decreasing delay time and in- 
creasing systolic blood pressure. The use was highest 
for patients with signs of anterior infarction on electro- 
cardiogram (ECG) and lowest for patients with normal 
ECG at entry. The effect of metoprolol was indepen- 
dent of delay time and systolic blood pressure but 
varied with ECG classification. The highest effect was 
seen among patients with signs of anterior infarction. 
(Am J Cardiol 1985;56:30G-34G) 


pain as reflected by the duration of treatment with 
narcotic analgesics, use of analgesics, nitrates and cal- 
cium-channel blockers. According to the protocol, 
subgroups were formed with respect to delay time, 
heart rate and site of infarction. 


Patients and Methods 


All patients (n = 5,778) were included in the analysis. Pain 
as such was not measured directly. Instead, the usage and 
number of doses of narcotic analgesics were used as markers 
of chest pain, as well as the use of nitrates and calcium- 
channel blockers. One dose equivalent of any narcotic anal- 
gesic was defined as the dose equipotent to the analgesic 
effect of 5 mg of morphine. The duration of pain was defined 
as the time in hours from randomization to the time of 
injection of the last dose of narcotic analgesic. This could 
only be measured during days 0 to 5. 

In addition to the subgroup analyses stated in the proto- 
col, a number of subgroups were formed based on systolic 


blood pressure, rate-pressure product, age, sex, diuretic us- 


age and heart failure. 
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Statistical methods: The general principles of statistical 
analysis were followed.!! 

A univariate analysis was performed to see whether there 
was any influence of the variables defining the subgroups on 
the use of narcotic analgesics. 

An analysis was undertaken of the effect of metoprolol on 
the combined use of nitrates, calcium-channel blockers and 
single and multiple doses of narcotic analgesics. Narcotic 
analgesics were considered the strongest and 3 levels were 
used (no analgesics, 1 to 3 dose equivalents of analgesics and 
4 or more dose equivalents of analgesics). Because nitrates 
could be and were used freely during the entire trial period, 
calcium-channel blockers were considered “stronger” than 
nitrates (drug given or not given). Nitrates were ranked 
lowest and 2 levels were again used (given or not given). 
Consequently, 12 classes were constructed to describe differ- 
ent strengths of antianginal and analgesic treatment and 
perhaps reflect different degrees of ischemic chest pain. In 
this analysis, the distribution of patients over the 12 classes 
is described graphically in the 2 treatment groups, and the 
difference between the treatment groups in these distribu- 
tions was tested.!? A difference in the distribution between 
treatment groups would reflect a difference in the combined 
use of antianginal drugs and hence may suggest an effect on 
chest pain by metoprolol. 

In addition a multivariate model was applied to analyze 
the importance of different factors for the development of 
chest pain requiring treatment with narcotic analgesics. 

In a logit model, the influence of the following factors on 
the odds that a patient will be treated with a narcotic analge- 
sic during days 0 to 15 was analyzed: electrocardiogram 
(ECG) on admission (anterior infarction, inferior infarction, 
other locations, pathologic but localization not possible and 
no abnormalities), delay time from onset of chest pain to 

randomization (<4, 4 to 8 and >8 hours), heart rate (<80, 80 
to 90 and >90 beats/min), systolic blood pressure on admis- 
sion (<140, 140 to 160 and >160 mm Hg) and drug (placebo 
or metoprolol). 


Results 


Narcotic analgesics were given to 49.4% of the pa- 
tients in the placebo group compared with 44.196 in the 
metoprolol group, a difference of 11% (p «0.001). Ni- 
trates were given to 55.396 in the placebo group com- 
pared with 53.1% in the metoprolol group (p = 0.10). 
Calcium-channel blockers were used more often in the 
placebo group (11.896) than in the metoprolol group 
(8.8%), a difference of 25% (p «0.001, Fig. 1). 

'The total number of dose equivalents of narcotic 
analgesics during days 0 to 15 differed by 18% (p 
<0.001) between the placebo group (n = 6,697) and the 
metoprolol group (n = 5,493). A mean of 2.31 dose 
equivalents/patient was given to the placebo group 
compared with 1.91 in the metoprolol group during 
days 0 to 15 (p «0.001). 

Among patients to whom narcotic analgesics had 
actually been given during days 0 to 15, the mean dose 
equivalents were 4.69 in the placebo compared with 
4.32 in the metoprolol group, a difference of 8% 
(p = 0.05). 

The total pain duration differed by 17% (p <0.001) 
between the placebo group (42,935 hours) and the 
metoprolol group (35,675 hours). Mean duration of 
pain for the placebo group was 14.8 hours compared 
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with 12.4 hours for the metoprolol group (p «0.001). E 


When only the patients who had received narcotic 1 


analgesics were analyzed, no difference in mean pain 


duration was found; it was 30.8 hours for the placebo- 


group compared with 29.2 hours for the metoprolol 
group (p «0.2). 

Among patients with entry heart rates higher than 
the median (80 beats/min), narcotic analgesics were 
given to 52.2% in the placebo group compared with 


43.9% in the metoprolol group, a difference of 16%- 


(p «0.001, Fig. 2) and the mean dose equivalents in 
the placebo group were 2.51 compared with 2.0 in 
the metoprolol group, a difference of 20% (p «0.001, 
Fig. 3). 


For patients with entry systolic blood pressure high- — 


er than the median (140 mm Hg) the percentage use of _ 


narcotic analgesics was 5446 in the placebo group com- 


pared with 44.8% in the metoprolol group, a difference . 
of 17% (p «0.01, Fig. 2) and the mean dose equivalents | 


were 2.64 and 2.0, respectively, a difference of 24% (p 
«0.001, Fig. 3). 


The influence of rate-pressure product on the use of — 


» 


narcotic analgesics revealed a similar pattern in the 2 _ 


treatment groups. 


In all the remaining subgroups of patients in whom . 


entry heart rate, systolic blood pressure or rate-pres- 
sure product was lower than the median, there was a 


consistently less pronounced and nonsignificant dif- 3 
ference in favor of metoprolol between the treatment 


groups for all variables (Fig. 2 and 3). 


Neither age, sex nor acute heart failure on admis- — 


sion, defined as administration of diuretics before ran- 


domization, had any association with the use of nar- 1 


cotic analgesics. 
The analysis of the total use of the 3 types of treat- 
ment for ischemic chest pain showed a significantly 


different distribution in the 2 treatment groups (p | 
« 0.004). The difference in the percentage use of drug 3 


Percentage of patients receiving drug 





nitrates 


narcotic analgesics 


calcium blockers 


FIGURE 1. Number and percentage of patients given narcotic analge- p 
sics, nitrates and calcium-channel blockers during days Oto 15.0 = 


placebo patients; Ø = metoprolol patients. 
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treatment tended to be more pronounced for patients 
with maximal therapy, i.e., those receiving high doses 
of narcotic analgesics, nitrates and calcium-channel 
blockers. Although this was only a small group, 42% 
fewer patients received the maximal treatment in the 
metoprolol group compared with placebo (Fig. 4). The 
difference for all patients receiving 4 or more doses of 
narcotic analgesics, constituting one-fourth of all pla- 
cebo patients, was 22%. Thus, patients who seem to 
benefit most from metoprolol are those who suffered 
the most pain, as reflected by the high use of narcotic 
analgesics with or without combined treatment with 
nitrates and calcium-channel blockers. 

- The multivariate analysis disclosed that site of in- 
farction, delay time and systolic blood pressure had a 
significant effect on the use of narcotic analgesics. 
There was a nonsignificant tendency for heart rate to 
be of importance. | 
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In the placebo group the use of narcotic analgesics 
increased with decreasing delay time and increasing 
systolic blood pressure. Furthermore, the use was 
most frequent for patients with signs of anterior in- 
farction on ECG and lowest for patients with normal 
ECG. 

The drug effect did not vary significantly with delay 
time and systolic blood pressure, but varied signifi- 
cantly with ECG classification at entry. The highest 
effect was seen among patients with signs of anterior 
infarction. For patients with signs on ECG classified 
as "inferior", “pathological” or “normal”, only a minor 
drug effect was observed (Table I). 


Discussion 


The present MIAMI trial confirmed previous find- 
ings of a reduced use of narcotic analgesics in the early 


Rate pressure product 


FIGURE 2. Number and percentage of 
patients receiving narcotic analgesics 
during days 0 to 15 among those hav- 
ing entry heart rate (HR), systolic 
blood pressure (SBP) and rate-pres- 
sure product (RPP) below and above 
median values; respectively. O = pla- 
cebo patients; = metoprolol pa- 
tients. 
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Rate pressure Product 


FIGURE 3. Mean dose of narcotic an- 
algesics during days 0 to 15 among 
those having entry heart rate (HR), 
systolic blood pressure (SBP), and 
rate-pressure product (RPP) below 
and above median values, respective- 
ly. O = placebo patients; Ø = meto- 
prolol patients. | 
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TABLE! Estimated Expected Proportions of Patients (96) Given Narcotic Analgesics, According to the Logit Model 
Signs on Electrocardiogram (ECG) of Site of Suspected Infarction at Entry 1 
SBP Delay Anterior Inferior Others Abnormal ECG Normal ECG a 
(mm Hg) (hours) P M P M P M P M P M 
<4 68.6 56.6 57.3 56.3 55.2 48.7 45.1 42.0 36.1 34.7 
<140 4-8 64.0 51.5 52.2 51.2 50.0 43.6 40.1 37.1 31.5 30.2 
28 53.3 42.5 43.2 42.2 41.1 35.0 31.7 29.0 24.2 23.1 
<4 70.2 58.5 59.1 58.2 57.0 50.6 47.0 43.8 37.8 36.4 
140-160 4-8 65.7 53.4 54.1 53.1 51.9 45.5 41.9 38.8 33.2 31.8 
>8 57.1 44.4 45.0 44.0 42.9 36.7 33.4 30.6 25.6 24.5 
<4 72.7 61.5 62.2 61.2 60.1 53.8 50.1 46.9 40.9 39.4 
> 160 4-8 68.5 56.5 57.2 56.2 55.1 48.7 45.0 41.9 36.0 34.6 
28 60.2 47.5 48.2 47.2 46.0 39.7 36.3 33.4 28.1 26.9 





M = metoprolol; P = placebo; SBP = systolic blood pressure. 


phase of myocardial infarction after treatment with 
metoprolol.?.10 

Although incidence and intensity of pain were not 
directly measured in the present trial, the amount of 
analgesics and the time span over which they were 
given undoubtedly reflect the intensity and duration 
of ischemic chest pain. The fact that a positive effect 
on chest pain could be detected even though more 
than half of the placebo patients were given nitrates is 
important because nitrates have been shown to be 
effective for pain control in AMI.?? In fact there was a 
trend to less use of nitrates, as well as a significant 
reduction in the use of calcium-channel blockers, in 
the metoprolol group. This reflects a reduction in the 
incidence of a low degree of pain for which these drugs 
are used. The decreased usage of narcotic analgesics in 
the metoprolol group indicates that recurrent chest 
pain was prevented. The lower mean dose of narcotic 
analgesics among those patients receiving analgesics 
also indicates that pain intensity may have been re- 
duced by metoprolol. 

In patients with acute heart failure a worsening of 
chest pain may have been anticipated after metopro- 
lol, as further dilatation of the ventricle may increase 
myocardial oxygen consumption. The effect of in- 
crease in wall tension on myocardial oxygen consump- 
tion may, however, have been counteracted by the 
pronounced reduction in rate-pressure product. 
Therefore, there is no support from the present trial 
for the proposal that AMI patients with chest pain and 
mild heart failure should be treated with nitrates in 
preference to metoprolol. Patients with high heart rate 
and blood pressure at entry seemed to respond more 
favorably than those with low heart rate and blood 
pressure. However, a selection of patients with heart 
rate >65 beats/min for the trial may have obscured the 
true importance of heart rate. An interesting finding is 
that heart rate does not seem to be a strong determi- 
nant of the drug effect according to the multivariate 
analysis. The more pronounced benefit in patients 
with anterior infarction may be due to the fact that 
they seem to have more pain (higher usage of narcotic 
analgesics) (Table I) and to have higher heart rates 
compared with those with inferior infarction. The 
analysis does not exclude the possibility that metopro- 


lol might be effective in patients with inferior infarc- | 
tion and high heart rates. I. 
Metoprolol was effective in patients admitted with 
short as well as long delay after onset of chest pain, 
even though the intensity of chest pain was more pro- — 
nounced in patients arriving early (Table I). Metopro- | 
lol seems to be of special value for pain control in | 
patients with severe and prolonged pain. It also seems 
that metoprolol has a pain-relieving effect additional | 
to nitrates and calcium-channel blockers. 
The additional effect of metoprolol in patients given _ 
nitrates may be because nitrates mainly affect blood  - 
pressure. An increase in heart rate may occur after - 
treatment with nitrates in patients with left-sided _ 
heart failure.!?!4 Similar effects are seen after calci- - 
um-channel blockers.!?!6 Reduction of blood pressure — 
is therefore common for all 3 drugs; a fall in heart rate — 
is only seen after metoprolol. : 
Prevention and reduction of chest pain in patients 
with AMI or impending infarction seem to be parallel — 
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FIGURE 4. Cumulative distribution curve of combined treatment with | 5 
narcotic analgesics, nitrates and calcium-channel blockers in al - 
patients during days 0 to 15. 





to prevention of infarct development!" and reduction 
of indexes of size of infarction.!? Pain abolition may be 
mediated through common pathways. 


. Davidsen O, 
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Arrhythmias 


The MIAMI Trial Research Group 





Forty-five patients in the placebo (1.5%) and 29 in 
the metoprolol (1%) groups, respectively, were re- 
ceiving antiarrhythmic drugs on a long-term basis 
before entry into the trial. Before randomization, 
2.2% (n = 64) of the placebo and 1.7% (n = 50) of 
the metoprolol patients developed ventricular fibrilla- 
tion (VF) in the hospital. The corresponding figures for 
atrial fibrillation or flutter were 3% (n = 87) and 
3.3% (n = 94). After randomization, there was no 
significant difference in the number of patients who 
developed VF in the placebo (n = 52) and the meto- 
prolol (n = 48) groups. The total number of episodes 
of VF tended to be fewer in the metoprolol group (n = 
67) compared with the placebo group (n = 96). The 
tendency was, however, not apparent until after 5 
days. When the occurence of VF was related to high- 
and low-mortality risk groups, any beneficial effect of 





metoprolol was confined mainly to the high-risk group. 
A similar proportion of patients underwent electric — 
conversion for ventricular tachyarrhythmia in the 2 © 
groups. Although antiarrhythmic drugs were intended 
to be given only for major ventricular tachyarrhyth- 
mias a large proportion of patients received such - 
treatment. Significantly more patients were treated 
with antiarrhythmics in the placebo (21.596) than in — 

the metoprolol group (19.296, p — 0.03) during the 
study period, but predominantly during the first 5 days. 
Atrial fibrillation or flutter and other supraventricular 
tachyarrhythmias were significantly less frequent in — 
the metoprolol than in the placebo group, as was the — 


use of cardiac glycosides. The sum of patients who 


had a nonfatal VF or who died during days 0 to 5 was 
not different between the treatment groups. : 
(Am J Cardiol 1985;56:35G-38G) 





The introduction of coronary care units has decreased 
mortality in acute myocardial infarction (AMI) largely 
because of effective treatment of ventricular fibrilla- 
tion (VF) and prophylaxis against VF and prolonged 
attacks of ventricular tachycardia (V'T) as well as oth- 
er arrhythmias. 

One of the secondary objectives of the MIAMI trial 
was to assess the effect of metoprolol on VF. Besides 
VF other types of tachyarrhythmias and bradyarr- 
hythmias were also studied. The influence of metopro- 
lol on the occurrence of these arrhythmias is reported 
in this article. 

According to the protocol the aim was to study the 
incidence of VF together with the sum of deaths and 
nonfatal VF during the first 5 days in the placebo and 
metoprolol groups. Further, the occurence of VT, 
atrioventricular block, atrial fibrillation and other su- 
praventricular tachycardia and the use of digitalis and 
antiarrhythmic agents are reported. 


Patients and Methods 


All randomized patients were included. In patients with 
VF, the date and time of each episode were recorded. Before 
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breaking the trial code, episodes of VF obviously induced by 
such iatrogenic procedures as cardiac catheterization and 
open-heart surgery were omitted from the analysis. Similar- 
ly, agonal VF, defined as VF in association with refractory 
cardiogenic shock or pulmonary edema, was not included in 
the analysis. Consequently, the analysis includes both pa- 
tients with primary and secondary VF, but it was not possi- 
ble to separate these 2 types. 
Ventricular tachycardia: The MIAMI manual of proce- | 


dures recommended that VT should be treated immediately _ 


if it markedly influenced hemodynamics or caused symp- 
toms but otherwise only if it was sustained for more than 30 
seconds. DC conversion was always to be performed initially 
for rapid treatment of VT and VF. Thereafter treatment 
with lidocaine was suggested. The drug was to be adminis- 
tered according to a dosage schedule outlined in the manual 
of procedures (75 mg intravenously as a bolus dose followed 
by intravenous infusion of 4 mg/min during 3 hours. There- 
after the infusion rate should be reduced to 2 to 3 mg/min). 
It was suggested that ventricular ectopic beats were not to be 


treated unless they caused signs of impaired cardiac func- . 


tion, e.g., hypotension or heart failure, or if they caused 
subjective discomfort. It was recommended that all other 
antiarrhythmic agents should be avoided. 

Supraventricular arrhythmias: Two categories were re- 
corded, atrial fibrillation or flutter and other supraventricu- 
lar tachycardia (rate exceeding 120 beats/min). The last 
category could be either an ectopic supraventricular tachy- 
cardia or a sinus tachycardia. 











Atrioventricular blocks and asystole: First-degree 
atrioventricular block was recorded when the conduction 
time exceeded 0.26 seconds and asystole was defined as asys- 
tole necessitating treatment. 

. Antiarrhythmic agents: The use of cardiac glycosides 
and antiarrhythmic drugs was recorded for days 0 to 5 and 6 
to 15 of the trial period. 

. The MIAMI manual of procedures contained advice con- 


cerning treatment. Digitalis was recommended for supra-. 


ventricular tachyarrhythmias if the ventricular rate exceed- 
ed 120 beats/min or if there were frequent atrial ectopics or 
recurrent atrial fibrillation or flutter. DC conversion was to 
be used when indicated. According to local practice, verapa- 
mil could be cautiously given intravenously and orally in 
patients without heart failure. The use of digitalis was not 
separated according to whether this drug had been used for 
heart failure or tachyarrhythmia. It was recommended that 
digitalis be avoided for the treatment of heart failure in 
patients with sinus rhythm. It was suggested that other 
antiarrhythmic agents be restricted only to symptomatically 
or hemodynamically important supraventricular or ventric- 
ular arrhythmias or after VF. 


Results 


_ Forty-five patients in the placebo (1.5%) and 29 in 
the metoprolol (1%) groups were on long-term therapy 
with antiarrhythmic drugs before entry into the trial. 
Before randomization 2.2% (n = 64) of the placebo and 
1.7% (n = 50) of the metoprolol patients developed in- 
hospital VF. The corresponding figures for atrial fi- 
brillation or flutter were 3% (n = 87) and 3.3% (n = 94). 
The median delay time between onset of symptoms 
and randomization in both groups was between 6 and 7 
hours and the mean delay time was 8.6 hours. 
Ventricular fibrillation and tachycardia: VF 
was reported in 132 patients. In 2 of these patients it 
was iatrogenically induced and in 30 patients, only 


TOTAL VF 


132 PATIENTS 
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FIGURE 1. Distribution of patients with ventricular fibrillation (VF). 


agonal episodes were noted. These 32 patients were 
excluded from the analysis. Thus, the remaining num- 
ber of patients with VF was 100; of these, 52 (1.8%) 
belonged to the placebo and 48 (1.7%) to the metopro- 
lol group (Fig. 1). The total number of episodes of VF 
was somewhat lower in the metoprolol group (n = 67) 
compared with the placebo group (n = 96), but this 
difference was not significant statistically and the ten- 
dency was only apparent during days 6 to 15. During 
this time period 54 episodes of VF occurred in the 
placebo group and 24 in the metoprolol group (Fig. 2). 

Both the number of patients with VF and total num- 
ber of episodes of VF have been analyzed for low- and 
high-risk patients defined in Table VI in a previous 
article in this issue. Among the low-risk patients 
there was no difference between the treatment groups; 
a tendency towards a lower number of episodes of VF 
was apparent among high-risk patients in the meto- 
prolol compared with the placebo group (Fig. 3). The 
patients on a full dose of metoprolol tended to 
have a lower incidence of VF compared with placebo 
(Fig. 4). 

Electrically converted VT occurred among 1.4% (n 
= 40) of the placebo and 1.3% (n = 37) of the metopro- 
lol patients (Table I). 

Deaths and nonfatal ventricular fibrillation, 
days 0 to 5: The number of patients who died or had a 
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FIGURE 2. Cumulative number of patients with ventricular fibrillation 
(VF) and episodes of VF after randomization during the study period. 
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nonfatal VF was 110 in the placebo and 100 in the 
metoprolol group, a difference that was not significant 
statistically. 

Supraventricular tachyarrhythmias: There was 
a lower number of patients with atrial fibrillation or 
flutter in the metoprolol group during days 0 to 15 (p = 
0.010) and days 0 to 5 (p = 0.017) (Table I, Fig. 5). The 
reduction of other supraventricular tachycardias was 
also pronounced during both time periods (p «0.001) 
(Table I, Fig. 6). 

Bradyarrhythmias: Slightly more patients devel- 
oped first-degree atrioventricular block in the meto- 
prolol group during the early phase (p = 0.028) and 
there was a tendency still evident when the whole 
study period (days 0 to 15) was considered (p = 0.075). 
No difference was observed between the 2 groups for 
atrioventricular block II to III or asystole necessitat- 
ing treatment (Table I). 

Use of antiarrhythmic drugs: Antiarrhythmic 
agents were widely used, in particular during days 0 to 
5, despite the recommendations in the manual of pro- 
cedures. Antiarrhythmic drugs tended to be used more 
often in the placebo patients (19.7%) than in the meto- 
prolol patients (17.9%) during days 0 to 5 (p = 0.09). 
The corresponding figures for days 0 to 15 were similar 
(Table I), and the difference for this period was signifi- 
cant (p = 0.03). There was a lower use (p <0.001) of 
digitalis in the metoprolol patients (13.6%) compared 
with placebo patients (16.6%) during the whole study 
period and during days 0 to 5 (10.6 vs 14.2%, respec- 
tively) (Table I). 


Discussion 


The 2 groups were seemingly well balanced in terms 
of factors of particular importance for the arrhythmia 
analyses, i.e., proportion of patients with arrhythmias 
and treatment with antiarrhythmic agents before ran- 
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FIGURE 3. Cumulative number of episodes of ventricular fibrillation 
among high- and low-risk patients. 


TABLE! Arrhythmic Events and Use of Antiarrhythmic 
Therapy During the Trial Period 





96 Pts (no. of pts) with 


Time Event/Use of Drugs: 
Period — 
(days) Events/Use of Drugs Placebo Metoprolol 
Oto 15 VT, electrically converted 1.4 (40) 1.3 (37) 
Asystole, treated 2.2 (64) 2.6 (74) 
AV block | 2.5 (72) 3.3 (95) 
AV block II to III 5.8(153) 5.6 (160) 
Atrial fibrillation/flutter 10.3 (298) 8.3 (238) 
Other SVT (>120 beats/min) 9.1(265) 4.4 (125) 
Antiarrhythmics 21.5 (624) 19.2 (552) 
Cardiac glycosides 16.6 (482) 13.6 (391) 
0to5 VT, electrically converted 1.0 (28) 1.0 (30) 
Asystole, treated 1.8 (51) 2.1 (61) 
AV block ! 2.1 (62) 3.1 (89) 
AV block II to Ill 4.7 (137) 5.3(153) . 
Atrial fibrillation/flutter 9.2 (268) 7.5 (215) 
Other SVT (2120 beats/min) 8.2 (238) 3.9 (106) 
Antiarrhythmics 19.7 (572) 17.9 (516) TS 
Cardiac glycosides 14.2 (411) 10.6 (304) 


AV = atrioventricular; SVT = supraventricular tachycardia; VT =  - 
ventricular tachycardia. ^ 


domization. However, it should be noted that there — 
were 14 patients more in the placebo group who had ~ 
prerandomization VF. It was most likely that these — 
patients entered the trial receiving lidocaine prophy- _ 
laxis, and thus may have introduced some imbalance — 
in the 2 major treatment groups at randomization. L 

The lack of a significant effect of metoprolol on the _ 
occurrence of VF and VT is in contrast with previous — 
findings of a prophylactic effect of metoprolol against 
VF in early myocardial infarction.’ It also contrasts a — 
recent report on the prevention of VF during AMI by | 
intravenous followed by oral propranolol.’ In the Gö- 
teborg Metoprolol Trial, both the number of patients | 
and the number of episodes of VF and the number of | 
patients with VT were less common among metopro- | 
lol-treated patients.* Serious ventricular arrhythmias - 
in AMI have also been decreased by atenolol? and | 
alprenolol.® 1 

There are important differences between the Göte- — 
borg Metoprolol Trial and the present investigation. S 
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FIGURE 4. Distribution of ventricular fibrillation related to administra- 
tion of trial drug. dd 
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FIGURE 6. The proportion of patients with other supraventricular 
tachycardias (rate > 120 beats/min). 


The Göteborg Metoprolol Trial?* included patients 
already on long-term 6 blockade. In that trial it was 
shown that the effect on VF was primarily on events 
occurring late, and the same tendency is apparent in 
the present trial. An effect against VF may depend 
more on protection against myocardial ischemia rath- 
er than on a direct electrophysiologic antifibrillatory 
effect. Patients already on long-term 8 blockade sup- 
plemented by an extra intravenous dose may become 
more rapidly protected than patients in whom treat- 
ment has just been started. Another reason for dis- 
crepancies between these 2 studies would be the in- 
duction of VF through discontinuation of previous 8- 
blocking agents rather than protection through the 
institution of test drug. The results of the Góteborg 
Metoprolol Trial do not support such a conclusion, 
because the main reduction of VF occurred among 
patients not previously receiving 8 blockers. However, 
this concept is supported by another study, which 
indicated that the protective effect of propranolol 
against VF within 48 hours was more pronounced in 
patients who had received previous 6 blockade. There 
was a remarkably high frequency (8%) of VF in those 
patients on previous 8 blockade who were randomized 
to the control group. 

Another perhaps more important observation is the 
frequent use of antiarrhythmic drugs in the present 
trial. In the Góteborg Metoprolol Trial, lidocaine was 
given to only 5.5% of the placebo and 2.3% of the 
metoprolol patients during the complete initial hospi- 
talization, which averaged 11 days. In the present 
study almost 2096 of patients had received antiar- 
rhythmic drugs during the first 5 days. It is difficult to 
explain the extensive use of such drugs at some hospi- 
tals without suspecting either treatment of a high 
number of benign ventricular arrhythmias or a pro- 
phylactic usage. The widespread usage of such drugs 
interferes with the possibility of testing the antifibril- 
latory potency of metoprolol. 

A reduced incidence of supraventricular tachyarr- 
hythmias and the use of digitalis among the metopro- 
lol-treated patients support earlier reports.* The find- 
ing of no increase in asystole or important conduction 
disturbances supports the use of metoprolol as a safe 
agent. 
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Other Clinical Findings and Tolerability 


The MIAMI Trial Research Group 





Fifteen minutes after injection there was a fall in mean 
heart rate (18%, p « 0.001), systolic blood pressure 
(1096, p <0.001) and rate-pressure product (27 96, 
p <0.0001) in the metoprolol group of patients in the 
MIAMI trial. Hypotension and bradycardia not neces- 
sarily associated with withdrawal of drug were more 
common in the metoprolol group (p <0.001). Atrio- 
ventricular block | was more common in the metopro- 
lol group (p <0.03), whereas no such difference was 
observed for atrioventricular block Il and Ill, asystole 
or pacemaker implantations. Left ventricular failure 
was observed no more often in the metoprolol group. 
The occurrence of cardiogenic shock also did not 
differ between the groups. Cardiac glycosides were 
used more in the placebo group, but diuretic and 
furosemide usage did not differ. For all patients mean 
furosemide doses and number of diuretic injections 
were similar in both treatment groups. Atropine (4.1 
vs 6.4%) and sympathomimetic (3.2 vs 4.6%) 


agents were used more often in the metoprolol group 


during days 0 to 5 (p <0.05). The trial medication 


was withdrawn temporarily more often in the meto- — 


prolol than in the placebo group (p « 0.001). Howev- 
er, permanent withdrawal of trial medication occurred 
with a similar frequency overall in both groups. More 
patients were withdrawn from the study because of 


cardiovascular reasons in the metoprolol group (996) 
than in the placebo group (5%, p <0.001). Need for 
open treatment with a 8 blocker was more frequent in 


the placebo-treated patients (5 vs 296, p «0.001). A 


multivariate analysis indicated that tolerance to meto- i; 
prolol treatment was not further impaired among pa- 


tients with a high-mortality risk. Early intervention with 
metoprolol appeared to be well tolerated generally in 
these patients and no subgroups could be identified in 
which tolerability was markedly reduced. 


(Am J Cardiol 1985;56:39G-46G) 





More than 10 major studies focusing on long-term 6 
blockade after myocardial infarction have presented, 
in addition to mortality and morbidity data, other 
more general clinical findings together with data on 
tolerability.|? Much less is known regarding the 
acute hospital period. The possible adverse effects of 
early intravenous 6 blockade must be considered in 
relation to the preexisting increased risk of severe and 
life-threatening complications such as heart failure, 
cardiogenic shock and severe arrhythmias during this 
early unstable stage of the disease. 

In order to elucidate tolerance, safety and compli- 
ance several variables were recorded. This article will 
deal with patient withdrawal, adverse events, dose al- 
terations and patient compliance. The association be- 
tween permanent trial medication withdrawal and 
deaths on the one hand and baseline variables, mortal- 
ity predictors and definite infarction diagnosis on the 
other will also be assessed. | 
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Patients and Methods 


All randomized patients (n = 5,778) were included in the 
analysis. The clinical findings are presented for days 0 to 15 


and days 0 to 5. For clarity some of the definitions of the . 


protocol are presented below. 
Hypotension: If the systolic blood pressure was X89 mm 
Hg at any time, it was recorded as hypotension. 


Cardiogenic shock: For reasons of international differ- 


ences of opinion regarding definition, this entity was not 
formally defined in the protocol. The principal investigators 
were asked to apply local definitions to their patients. Gen- 
erally this meant that in addition to hypotension as just 
defined, the patients had to have oliguria or other signs of 
impaired peripheral circulation, e.g., pallor, clamminess or 
cold sweating if cardiogenic shock were to be recorded. 


Drug treatment: Treatment with the following drugs was © y 


noted: cardiac glycosides,!! diuretics, antiarrhythmics,! ni- 
trates,!? anticoagulants, atropine, sympathomimetic agents, 
calcium-channel blockers!? and other vasodilators. The total 


dose of furosemide and the number of injections with diu- ‘ 


retics were also recorded. Further, the number of narcotic 
analgesic injections was noted.!? 

Trial medication withdrawal: Predetermined guide- 
lines for withdrawal of trial medication were presented in 
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TABLE | Heart Rate (HR), Systolic Blood Pressure (SBP) 
| and Rate-Pressure Product (RPP) Before and 
After Injection of Placebo or Metoprolol 


Placebo Metoprolol 
(n = 2,901) (n = 2,877) 
Mean SD Mean SD 
Before injection 
HR 83 14 83 14 
SBP 141 23 142 23 
RPP X 107? 118 3 117 3 
After injection 
HR 81 14 68 12 
SBP 137 23 128 24 
RPP X 107? 111 3 87 2 


SD = standard deviation. 


Table II in a previous article in this issue.!? The trial medica- 
tion could be withdrawn in 3 different ways: temporarily 
only, temporarily followed by permanent withdrawal and 
permanently only. If the treatment was temporarily with- 
drawn, it could be reinstituted gradually 2 days later. If the 
medication had to be withdrawn a second time it was then 
permanently withdrawn. More than 1 reason for withdrawal 
could be reported and thus the data were analyzed in 2 ways. 
'The reasons for withdrawal of medication were analyzed 
separately. If more than 1 reason was recorded for a patient 
they were grouped in this consecutive order (1) cardiovascu- 
lar reasons for withdrawal of trial medication, (2) need for 8 
blockade or other reasons for treatment failure, (3) mistake, 
(4) unwillingness, (5) noncardiovascular adverse events and 
(6) others. If treatment was both temporarily and later per- 
manently withdrawn, then only the reasons for permanent 
withdrawal were recorded. The time of permanent with- 
drawal was also recorded. 
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FIGURE 1. Reduction of heart rate (HR) and systolic blood pressure 
(SBP) in the placebo and metoprolol groups before injection and after 
15 minutes. 


Other adverse events: Apart from hypotension, brady- 
cardia, heart failure and atrioventricular block, which were 
recorded elsewhere, other adverse events possibly related to 
the trial medication were recorded based on observation by 
the clinical staff or spontaneous reporting by the patient. 
The events were classified according to Adverse Reaction 
Terminology of the World Health Organization.!4 

Compliance: Compliance to trial treatment was judged 
by tablet counts. The number of returned tablets was re- 
corded as was the number of days on which patients were 
given full dose, half dose, quarter dose and no dose. Compli- 
ance was estimated by expressing as a percentage the num- 
ber of tablets not returned by the number that should have 
been taken based on the daily dosage recorded. 

Hospital stay: The duration of the hospital period in each 
patient was calculated as the difference between the record- 
ed dates of discharge and admission. 

Emergency code breaking: The treatment code in 
sealed envelopes for individual patients was provided to all 
trial centers in the interest of patient safety. These were 
required to be returned at the end of the study with explana- 
tion for opened envelopes. 

Statistical methods: The principles of statistical analysis 
previously described were generally applied.!? 


Results 


Mean heart rate, systolic blood pressure and their 
product did not differ between the placebo and meto- 
prolol groups before injection (Table I). In the placebo 
group these variables did not differ 15 minutes after 
injection, but in the metoprolol group they decreased 
(p <0.001) by 18%, 10% and 27%, respectively (Fig. 1). 

Mortality in the metoprolol group was not associat- 
ed with reduction in heart rate, blood pressure or rate- 
pressure product. 

Clinical observations not necessarily associated 
with withdrawal of trial medication are presented in 
Table II. Hypotension and bradycardia were more 
common in the metoprolol group (p <0.001 and p 
<0.001, respectively). Atrioventricular block I was 
more common in the metoprolol group during days 0 
to 5 (p <0.03); no such difference was observed for 
atrioventricular block II and III, asystole or pacemak- 
er implantations. Atrial fibrillation or flutter was ob- 
served less often in the metoprolol group. Similarly, 
other supraventricular tachyarrhythmias were seen 
only half as frequently in the metoprolol patients as 
among placebo patients.!! The occurrence of left ven- 


tricular failure or cardiogenic shock did not differ be- 


tween the groups. 

The use of concomitant medication during the 
whole study period (days 0 to 15) and the early phase 
(days 0 to 5) is presented in Table III. The data on 
cardiac glycosides and other antiarrhythmics have 
been considered in more detail elsewhere in this is- 
sue,!! as have those for treatment of chest pain.!? In 
general these agents were used less often in the meto- 
prolol group. Other vasodilators also tended to be less 
used in the metoprolol group during days 0 to 5 (p 7 
0.11) and days 0 to 15 (p = 0.09). 

The frequency of diuretic and furosemide usage did 
not differ between the treatment groups (p >0.20), nor 
did the average number of diuretic injections or dose 
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TABLE I| Other Clinical Findings 
Days 0 to 5 Days 0 to 15 
Placebo Metoprolol Placebo Metoprolol 
96 96 96 926 

Hypotension 8.1 16.5 9.8 18.4 

Bradycardia 4.1 11.5 4.8 12.9 

AV block | 2.1 3.1 2.5 3.3 

AV block II 2.8 3.1 3.1 3.2 

AV block Ill 1.9 2.3 2.1 2.4 

Pacemaker implantation 1.1 1.4 1.2 1.4 

Atrial fibrillation/flutter 9.2 7.5 10.3 8.3 

Other SV tachyarrhythmia 8.0 3.7 9.1 4.3 

Left ventricular failure 20.3 21.0 22.8 24.3 

Cardiogenic shock 2.4 2.4 3.2 3.0 

AV = atrioventricular; SV = supraventricular. 
TABLE Ill Concomitant Treatment and Mortality 
Days 0 to 5 Days 0 to 15 Days 0 to 15 
Placebo Metoprolol Placebo Metoprolol No. of Deaths 
(n = 2,901) (n = 2,877) (n = 2,901) (n = 2,877) (no. of treated pts.) 
6 % % % Placebo Metoprolol 

Cardiac glycosides 14.2 10.6 16.6 13.6 47 (482) 36 (391) 
Diuretics 38.5 38.8 41.6 42.9 91 (1,206) 91 (1,233) 
Furosemide 32.0 33.0 34.5 36.2 res 25 
Antiarrhythmics 19.7 17.9 21.5 19.2 55 (624) 50 (552): 
Nitrates i 48.7 46.3 55.3 53.1 60 (1,602) 55 (1,527) 
Anticoagulants 60.1 60.0 61.7 61.3 94 (1,788) 74 (1,762) 
Atropine 4.1 6.4 4.7 7.1 44 (135) 50 (205) 
Sympathomimetics 3.3 4.6 4.2 §.7 77 (121) 69 (163) 
Calcium-channel blockers 7.8 5.9 11.8 8.8 14 (343) 13 (252) 
Other vasodilators 4.9 4.0 6.0 4.9 14 (174) 10 (142) 


TABLE IV Diuretic and Narcotic Analgesic Treatment Among All Patients and Patients Receiving Such Treatment 


All Patients 
Placebo Metoprolol 
Mean SD n Mean SD 
Days 0 to 15 
Furosemide 173 432 2,899 185 460 
dose (mg) 
Diuretic 0.9 3.0 2,899 1.0 3.0 
injections 
Analgesic 2.31 4.2 2,899 1.9 3.8 
injections 
Days 0 to 5 
Furosemide 70 173 2,899 70 174 
dose (mg) 
Diuretic 0.7 2.1 2,899 0.7 2.0 
injections 
Analgesic 2.1 3.7 2,899 1.7 3.3 
injections 


SD = standard deviation. 


of furosemide among all patients or among those re- 
ceiving such treatment (Table IV). Atropine and sym- 
pathomimetics were used more often in the metoprolol 
group (p «0.05) but the absolute frequency was low. 
The relation between placebo and metoprolol regard- 
ing mortality was unassociated with the concomitant 
use of other drugs (Table III). 

There was no difference between the treatment 
groups in the mean time between randomization and 


Patients Receiving Such Treatment 


3 Placebo Metoprolol 
Mean SD n Mean SD n 
2,876 501 613 1,001 511 648 1,041 
2,876 3.6 5.2 727 3.6 5.0 751 
2,876 4.7 4.9 1,432 4.3 4.7 1,269 
2,876 218 248 927 211 250 950 
2,876 3.0 3.5 682 3.0 3.2 715 
2,875 4.4 4.3 1,389 4.1 4.0 1,225 


discharge from hospital—10.4 days (standard devi- 


ation 6.8) compared with 10.3 days (standard devi- 
ation 5.7) in the placebo and metoprolol groups, — 


respectively. 


Trial medication withdrawal: The trial medica- 


tion was withdrawn temporarily more often in the 


metoprolol than the placebo group (p <0.001). Similar _ 


findings were seen in the frequency with which medi- — 
cation was withdrawn first temporarily and then per- - 
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Metoprolol in Acute Myocardial Infarction 


TABLE V Proportion and Number of Patients in Whom 
Treatment Was Temporarily and Permanently 





Withdrawn 
Placebo Metoprolol 
Temporarily only 2.9 83 6.4 185 
Temporarily and permanently 0.6 16 1.8 51 
Permanently only 13.3 385 13.6 390 
All permanently 13.8 401 15.3 441 


manently. However, the overall rate of permanent 
withdrawal of trial medication did not differ between 
the treatment groups (Table V). 

The reasons for withdrawing medication temporar- 
ily only or permanently (Tables VI and VII) differed 
“between the placebo- and metoprolol-treated groups. 
In both cases more patients in the metoprolol group 
were withdrawn from the study because of cardiovas- 
cular reasons, i.e., hypotension, heart failure and bra- 
dycardia, than in the placebo group (p <0.001, Tables 
VI and VII). Need for open treatment with 8 blockade 
.wás more frequent in the placebo-treated group (p 

<0.001). There was a tendency (p = 0.062) for atrio- 
ventricular block to be given more often as a reason for 
permanent withdrawal in the metoprolol group. 

The number of patients permanently withdrawn 
immediately after the intravenous injection and their 
subsequent mortality are shown in Table VIII. There 
was little difference between the treatment groups in 
the number of deaths, despite more patients discon- 
tinuing metoprolol treatment. The number of deaths 

among all permanently withdrawn patients was 47 in 
the placebo group and 43 in the metoprolol group 
(Table VII). The number of deaths for separate and 
grouped reasons for withdrawal is presented in Table 
VII and indicates that metoprolol treatment was not 
associated with harm in any subgroup. 
The cumulative number of patients permanently 
withdrawn by time in the placebo and metoprolol 
groups is presented in Figure 2. The risk of withdrawal 
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FIGURE 2. Cumulative permanent treatment withdrawals. Cumulative 
number of patients by trial day. 
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of any kind was highest on days 0 to 2. After day 6 
there were only small differences between the placebo 
and metoprolol groups regarding risk of withdrawal 
because of any reason. 

Permanent withdrawal was more frequent among 
patients with pulmonary rales on entry, history of con- 
gestive heart failure or diuretic treatment before en- 
try. These risk factors did not influence the relative 
withdrawal rate between the 2 treatment groups. 
When permanent withdrawals for cardiovascular rea- 
sons were analyzed according to mortality risk group- 
ings (Table IX), the frequency of withdrawal tended 
to rise with the placebo group mortality but trial treat- 
ment did not appear to influence this association. The 
independent variables from the logit model applied to 
mortality!’ were used in an analysis with this method 
and the dependent variable was a combination of 
deaths and permanent withdrawals for cardiovascular 
reasons. This analysis showed that metoprolol was sig- 
nificantly associated with withdrawal for cardiovascu- 
lar reasons. No other significant interactions were 
found. Thus there were no indications of impaired 
tolerance among high-risk patients. 

Other adverse events: There were more patients in 
the metoprolol group with adverse events other than 
hypotension, bradycardia, congestive heart failure or 
atrioventricular block (p = 0.002) (Table X). The na- 
ture of these events is specified in Table XI. 

Events commonly associated with 8 blockade were 
reported more often in the metoprolol than in the 
placebo group. In the metoprolol group they tended to 
be somewhat more pronounced and were more often 
associated with dose reductions compared with place- 
bo. No serious or life-threatening events were consid- 
ered to be due to the trial medication. 

Dose level, compliance and emergency code 
breaking: A higher number of patients in the meto- 
prolol group completed the trial after having taken 
reduced doses (Table XII, p <0.001). The proportion 
of patients on each trial day who were on full dose, 
reduced dose, withdrawn or dead is summarized in 
Figure 3. 


placebo metoprolol 


100 */ 
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Trial day (no) 
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FIGURE 3. Percentage of patients by trial day divided into deaths, 


temporary and permanent withdrawals and reduced and full doses. 
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TABLE VI Number of Patients in Whom Treatment Was Temporarily or Permanently 
Withdrawn in Hierarchic Groups 


Pts. Temporarily 





Withdrawn Pts. Permanently Withdrawn 
Hierarchic iu. No. of withdrawals No. of deaths 
x Group * Placebo Metoprolol Placebo Metoprolol Placebo Metoprolol 
Cardiovascular 64 157 142 254 40 37 
Need for 6 blockade 1 2 144 58 4 3 
(other treatment failure) 
Mistake 8 8 32 33 0 0 
Unwillingness 0 1 24 30 0 0 
Adverse event 2 7 33 46 1 3 
Other 8 10 26 20 2 0 
Total 83 185 401 441 47 43 


* Patients with more than 1 reason are placed in the highest, most appropriate group. 


TABLE VII Reasons for Withdrawing Patients Temporarily or Permanently from Study Medication and Mortality 

















Pts. Temporarily Withdrawn , Pts. Permanently Withdrawn 
Placebo Metoprolol No. of withdrawals No. of deaths 
Reason* % n % n Placebo Metoprolol Placebo Metoprolol 
Hypotension 1.1 31 3.3 96 76 136 33 26 
AV block 0.7 20 0.9 26 40 59 7 10 
Heart failure 0.3 9 0.8 22 64 93 25 21 
| Bradycardia 0.5 15 2.0 56 34 85 10 7 
x Need for 0.0 1 0.0 0 144 47 6 1 
| B blockade 
Other 0.8 23 1.2 34 - 163 190 13 14 
* More than 1 reason per patient is possible. 
AV = atrioventricular. 
TABLE VIII Permanent Withdrawal of All Oral Treatment After the Initial Intravenous 
Dose and Mortality 
Initial 
Intravenous No. of Permanent Withdrawals No. of Deaths 
Dose ae Se SEE — ——— APELA a a oe VRA G 
(ml) Placebo Metoprolol Placebo Metoprolol 
0 13 9 2 0 
5 3 5 1 4 
10 2 13 1 1 
15* 4 10 2 2 
A 
TABLE IX Proportion and Number of Patients in Whom Treatment Was Permanently 
Withdrawn for Cardiovascular Reasons by Risk Group* and Number of 
Deaths in These Patients 
Permanent Withdrawals Deaths 
Placebo Metoprolol Placebo Metoprolol 
% n 96 n n n 
All patients 4.9 142 8.8 254 40 37 
High risk 6.8 70 10.5 106 30 18 
Low risk 3.8 72 7.9 148 10 19 
* Risk groups are described in Table VI in the article on mortality, pages 15G-22G, this issue. 
be Information on returned tablets was available for At the completion of the study, the individually 


82% of patients and indicated on average that the sealed envelopes were returned to the Data Manage- 
placebo group had used 98% of their tablets and ment Center for all randomized patients except 228. 
the metoprolol group 96%, which was not significantly The code was broken by the clinical investigators for 
different. 128 patients in 36 of the 104 participating centers. 








J TABLE X Number of Patients Reporting Adverse Events 


(excluding hypotension, AV block, heart failure 





and bradycardia) 
No. of Adverse 
Events Placebo Metoprolol 
1 108 149 
2 12 19 
3 3 8 
Total patients 123 176 


AV = atrioventricular. 


TABLE XI Number of Adverse Events 
AEE IA PF e tal tat ht eg a RD lh Et 


Code No* Class of Disorder Placebo Metoprolol 
100 Skin and appendages 16 12 
410 Central and peripheral 

nervous system 
Dizziness 12 15 
Headache 5 13 
Confusion 0 4 
Paresthesia 0 E 
Vertigo 0 3 
Others 0 3 
431 Vision 1 2 
432 Vestibular 0 1 
433 Other special senses (taste) 4 0 
500 Psychiatric 
Nightmare 0 5 
Sleep disorder/somnolence 9 12 
Hallucinations 0 3 
Depression 1 4 
Others 2 5 
600 Gastrointestinal 
Nausea 8 16 
Vomiting 1 2 
Dyspepsia 4 6 
ers 12 14 
700 Liver and biliary 0 2 
800 Metabolic and nutrition 2 1 
1010 Cardiovascular, general 2 3 
1020 Myocardial 9 4 
1030 Heart rate and rhythm 9 2 
1040 Vascular (extra-cardiac) 9 19 
1100 Respiratory system 19 18 
1220 White cell and reticulo- 0 1 
endothelial system 
1230 Platelet bleeding and clotting 0 1 
1300 Urinary 0 1 
1810 General disorders 
Fatigue 11 20 
Asthenia 1 4 
Others ^ 9 
1830 Resistance mechanism 0 2 
Total 141 211 





* WHO organ class code. 


Envelopes were known to be mistakenly opened in 75 
cases. Thus the code was broken in the interest of 
patient safety in 31 placebo-treated and 22 metopro- 
lol- treated patients. 


Discussion 
It is well established that 8 blockade introduced 


both early and late markedly reduces long-term mor- 
tality after myocardial infarction. Concern about ad- - 
verse hemodynamic reactions to 8 blockade in patients 


in a very early phase of myocardial infarction has con- 
tributed to limiting early administration of 8 blockers 
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Percentage of Patients on Full and Reduced 


TABLE XII 
Dose of Trial Medication for Different Time 
Periods 
deo rur a eee SS agas Mec ae N- i e ERAI MARC RAMIS QE E 
Placebo Metoprolol 
(n — 2,901) (n = 2,877) 
reo tes ttt ca We AC UR SUNT cL NNNM 
Full oral dose 81.2 72.5 
Reduced dose 
1-3 days 3.6 4.9 
4—6 days 3.7 5.4 
7-9 days 2.9 4.0 
10-12 days 2.3 9:2 
13-15 days 5.5 6.4 
16 days 1.4 3.6 
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to patients with suspected acute myocardial infarction 
(AMI) in comparison with chronic treatment starting 
late in survivors of AMI. This apprehension has re- 
stricted early intervention mostly to patients with un- 
complicated myocardial infarction. Such patients 
were included in the present study but so were others 
with mild cardiac decompensation as reflected by pul- 
monary rales at entry. It should be noted that the 
protocol of the MIAMI trial excluded patients with a 
heart rate <65 beats/min or systolic blood pressure 
<105 mm Hg. 

The incidence of cardiovascular adverse events, the 
ensuing numbers of patients in whom treatment was 
permanently discontinued and the number of deaths 
among these treatment withdrawals provide accumu- 


lating evidence that metoprolol treatment was not 


harmful. The desired pharmacologic effects of this 
intervention are also manifested clinically by a higher 
incidence of bradycardia and hypotension in the meto- 
prolol-treated patients. There was no difference from 
the placebo-treated patients in the overall occurrence 
of such undesirable situations as left ventricular fail- 
ure, cardiogenic shock, asystole and high-degree atrio- 
ventricular block. The severity of the observed 
hypotension, bradycardia, left ventricular failure and 
atrioventricular block was such that treatment 
was permanently discontinued more often and atro- 
pine and sympathomimetics were administered more 
frequently in the metoprolol group. Nevertheless, the 
absolute number of patients who subsequently died 
among these withdrawals tended to be lower in the 
metoprolol group. 

Although a higher proportion of patients in the me- 
toprolol group deteriorated in association with the in- 
travenous loading dose such that no further treatment 
was administered, the number and temporal pattern 
of deaths among these early withdrawals were similar 
for both treatment groups. 

No indication was detected suggesting that with- 
drawal was associated with an increased mortality that 
was different in the 2 treatment groups. Mortality was 
not associated with delay time or hemodynamic re- 
sponse during the injection phase. The multivariate 
analyses disclosed an association between trial treat- 
ment with metoprolol and permanent withdrawal but 
no other significant interactions. This observation 
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supports the relevance of the exclusion criteria ap- 
plied on admission to the trial. 

A high proportion of the patients in the 2 treatment 
groups continued the entire trial period without end- 
points or withdrawals on full oral dose. This supports 
that patient tolerance was good. As previously noted, 
patient compliance was high as indicated by the tablet 
counting results. 

The pattern of reasons for withdrawal in the 2 treat- 
ment groups in this study corresponds with previous 
experience? and was unassociated with delay time. No 
interaction was detected between the delay time and 
the effect of metoprolol on incidence of left ventricular 
failure or of the use of diuretics during the trial period. 
Therefore, it has not been possible to find evidence 
that the timing of the institution of metoprolol treat- 
ment within the first 24 hours after the onset of symp- 
toms has any influence on the tolerability of this 
regimen. 

Noncardiovascular adverse events were reported 
more frequently for metoprolol-treated patients but 
did not result in an increased need to discontinue 
patients permanently. The spontaneous nature of the 
adverse event-reporting system and the seriousness of 
the patients' clinical conditions would tend to dampen 
the frequency of reporting of these noncardiovascular 
events. Nevertheless, some known 6-blocker adverse 
reactions have emerged in the metoprolol-treated pa- 
tients but they did not precipitate a significantly high- 
er rate of withdrawal and were unrelated to mortality. 
These findings are in agreement with experiences 
from other large-scale postinfarction studies. In 
most large, late-entry studies the overall proportion of 
adverse effects has been quite similar in the placebo 
and treatment groups.^65 

The combination of metoprolol and other drug 
treatment did not appear to worsen patient prognosis 
for any of the documented concomitant therapies. 

Patients with evidence of congestive heart failure at 
entry as reflected by the presence of pulmonary rales 
or the use of diuretics before randomization were not 
adversely affected by metoprolol treatment compared 
with those patients without signs of heart failure at 
entry. Thus, mild cardiac decompensation should not 
be a contraindication to early intervention with 
metoprolol. 

The central hemodynamic effects of metoprolol 
during the 24 hours after entry have been studied in a 
subset of patients in the MIAMI trial.” Heart rate, 
systolic blood pressure and cardiac index were all im- 
mediately reduced by 10 to 20% in the metoprolol 
group and the difference compared with placebo was 
maintained throughout the 24 hours. Pulmonary cap- 
illary wedge pressure (PCWP) in the metoprolol group 
increased only marginally 30 minutes after injection 
and the increase was seen only in the patient group 
with initial PCWP below the median of 13 mm Hg. 
In patients with initial PCWP above the median a 
continuous decrease was observed. Thus high ini- 
tial PCWP was not associated with intolerance to 
metoprolol. 


ace S 


The experience from this and the previous Góteborg 
Metoprolol Trial concerning the development of con- 
gestive heart failure is somewhat different.'® The pre- 
vious study indicated that during the first 4 days after 
start of treatment there was a significant reduction in 
the requirement for furosemide in the metoprolol- 
treated patients despite no difference in the frequency 
of congestive heart failure between the treatment 
groups. In the present study there was no difference in 
the incidence of heart failure during the early phase 
but, in contrast to the previous study, there was no 
difference in the use of furosemide between the 2 
treatment groups. It would seem, however, that the 
use of furosemide is poorly related to the recorded 
variable of left ventricular failure in the present study,  . 
because 33% of patients received furosemide during — — 
days 0 to 5 while only 21% were reported to have 
congestive heart failure. 

The Belfast Metoprolol Trial!? found no evidence 
that metoprolol treatment in patients with AMI sig- 
nificantly increased the risk of heart failure. Similarly, 


studies of early intravenous treatment with atenolol,” - F 


propranolol?! and timolol?? in patients with suspected 
AMI have detected no association between 6-blocker 
treatment and the development of heart failure or 
atrioventricular block. 

It appears that early intervention with metoprolol 
has been generally well tolerated in these patients and 
no subgroups could be identified in which tolerability 
to metoprolol was markedly reduced. 
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The central hemodynamic effects of metoprolol in 
acute myocardial infarction have been studied in a 
multicenter, double-blind, randomized trial. One hun- 
dred and ninety patients with acute myocardial infarc- 
tion not previously on 8 blockers with heart rate >65 
beats/min and blood pressure ^» 105 mm Hg and 
without clinical signs of serious heart failure were 
included. After insertion of a pulmonary artery cathe- 
ter, patients were randomized to metoprolol, 15 mg 
intravenously, and 50 mg 4 times a day orally (n — 
95) or placebo (n — 95) with a mean delay of 7.2 
hours. Hemodynamic measurements were made at 
baseline and repeatedly during 24 hours. Heart rate, 
systolic blood pressure and cardiac index were all 
immediately reduced by 10 to 20% in the metoprolol 


Previous reports concerning the hemodynamic effects 
of acute 8 blockade in patients with acute myocardial 
infarction (AMI) have been based on small numbers of 
patients given the drugs openly and without control 
groups.!-9 In the early phase of AMI it is difficult to 
predict from a clinical examination the corresponding 
central hemodynamics.!?9!! Further, there might be a 
time lag between hemodynamic changes and clini- 
cal findings.!? The central hemodynamic response to 
B blockade in this setting is, therefore, incompletely 
understood. 


Address for reprints: Peter H. Held, MD, Department of Medicine, 
Óstra Hospital, S-416 85, Góteborg, Sweden. 

* This manuscript was reviewed and accepted for publication in 
the regular issues of the AJC, but the authors elected to have it 
published with the other MIAMI supplement articles. 
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group and the difference compared with placebo was 
maintained throughout the 24 hours (p «0.001). Pul- 
monary capillary wedge pressure (PCWP) in the me- 
toprolol group increased from 13.7 + 6.7 to a peak of 
15.5 + 5.5 mm Hg 30 minutes after injection. The 
difference compared with placebo was maintained for 
8 hours (p «0.01). This increase was seen only in the 
patient group with initial PCWP below the median of 
13 mm Hg. In patients with initial PCWP above the 
median a continuous decrease was observed in both 
the placebo and metoprolol groups. Thus high initial 
PCWP was not associated with intolerance to meto- 
prolol. Based on hemodynamic measurements toler- 
ance to metoprolol was good. 

(Am J Cardiol 1985;56:47G-54G) 


The metoprolol in acute myocardial infarction (MI- 
AMI) trial? was a large, randomized, double-blind, 
placebo-controlled, multicenter study. The primary 
objective of the trial was to study the effect of meto- 
prolol on 15-day mortality. It also provided a unique 
opportunity to investigate the early hemodynamic re- 
sponse to metoprolol. 

The purpose of the present study was to analyze the 
central hemodynamic changes during the first 24 
hours after intravenous and oral administration of 
metoprolol in patients with a definite myocardial 
infarction. 


Methods and Patients 


Patients with suspected myocardial infarction admitted 
to participating coronary care units were eligible for the 
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TABLE! Participating Centers, Number of Patients and Physicians Responsible for the 





Hemodynamic Optional Study 
Center No. of Patients Responsible Physician 
Canada 
Royal Alexandra Hospital, 6 W. P. Klinke 
Edmonton 
The Netherlands 
Academisch Ziekenhuis 17 P. Dunselman 
Groningen, Groningen 
Algemeen Ziekenhuis 2 K. L. Liem 
Zonnestraal, Hilversum 
St. Ignatius Ziekenhuis, 34 H. M. A. Corbeij 
Breda L. G. P. M. van Zeijl 
St. Oosterschelde 7 H. W. O. Roeters Van Lennep 
Ziekenhuizen, Goes A. Liem 
Thoraxcentrum, Rotterdam 1 M. Simoons 
Sweden 
Central Hospital, Skövde 6 L.. Rydén, P. Smedgård 
Sahlgrenska Hospital, 13 A. Hjalmarson, S. Holmberg 
Göteborg F. Waagstein 
Söder Hospital, Stockholm 1 J. Hulting 
Varberg Hospital, Varberg 6 J-E. Olaison, L. Waagstein 
Ostra Hospital, Göteborg 38 P. Held, K. Swedberg, 
A. Vedin 
United Kingdom 
East Birmingham Hospital, 54 W. Littler, D. Murray 
Birmingham 
Selly Oak Hospital, 1 R. E. Nagle 
Birmingham 
West Germany 
Städt. Kliniken, Dortmund 4 D. Klaus 
Total 190 





study. Fourteen of the 104 MIAMI centers participated in 
this optional study (Table I). 

The inclusion criteria were: (1) age <75 years, (2) onset of 
chest pain within 12 hours of catheterization; patients ad- 
mitted between 12 and 24 hours from onset of symptoms 
were eligible if heart rate was >90 beats/min, if pulmonary 
rales were present <10 cm above the lower border or if there 
. was persistent or recurrent chest pain and (3) electrocardio- 
graphic signs of AMI with ST elevation or new Q waves. 

The exclusion criteria were as follows: (1) current treat- 
ment with -adrenergic blockers or calcium-channel 
blockers, (2) heart rate <65 beats/min, (3) systolic blood 
pressure <105 mm Hg, (4) clinical signs of left ventricular 
failure, as defined by basal pulmonary rales on auscultation 
>10 cm, (5) P-Q interval >0.24 seconds or higher degree of 
atrioventricular block, (6) severe chronic obstructive pulmo- 
nary disease or other serious disease with impact on short- 
term prognosis, (7) implanted pacemaker or (8) resuscita- 
tion outside hospital. 

Of the 5,778 patients enrolled in the MIAMI trial, hemo- 
dynamic data from 201 were received at the Data Manage- 
ment Center. However, data from 11 of these patients were 
excluded from further analysis because of violations of the 
entry criteria. Of these, 9 patients did not have electrocar- 
diographic signs of AMI at randomization and did not devel- 
op AMI. One patient was withdrawn before blind drug injec- 
tion and another patient did not receive the blind drug until 
after 4 hours. 

The remaining 190 patients fulfilled the protocol criteria 
and were randomized according to the MIAMI protocol. 
There was no separate stratified randomization of these 
patients; however, the goal was at least 150 patients and this 
number was considered likely to give a balanced randomiza- 
tion. Informed consent was obtained. Protocol was approved 
by the Ethical Committee at each participating center. 


Clinical management and study variables: All patients. 


underwent right-sided heart catheterization at bedside with 
a triple lumen balloon-tipped thermistor catheter.!^ Pres- 
sures were recorded by means of strain gauge transducers. 


The reference level was 5 cm below the sternum in the supine 
position. Cardiac output was determined with the thermodi- 
lution method; each recorded value was based on a mean of 
at least 2 accepted measurements within 10%. All measure- 
ments and pressure curves were recorded on paper and saved 
for later analyses. 

An arterial catheter was positioned in the radial, brachial 
or femoral artery (East Birmingham Hospital used cuff 
readings only). After insertion of the catheters the patients 
rested 10 minutes; then a control reading including cardiac 
output, arterial pressures, heart rate, mean right atrial pres- 
sure, pulmonary artery pressure and mean pulmonary capil- 
lary wedge pressure (PCWP) was performed. The study 
drug (metoprolol, 15 mg, or placebo) was then administered 
intravenously in 3 divided doses with 2-minute intervals, 
according to the MIAMI protocol. Oral drug (metoprolol, 50 
mg, or placebo) was given immediately after the 10-minute 
and 6-, 12- and 18-hour readings. If necessary, dose adjust- 
ments were made according to the MIAMI protocol. Hemo- 
dynamic measurements were repeated at 10 and 30 minutes, 
as well as after 1, 2, 4, 6, 8, 12, 18 and 24 hours. 

The following indexes were derived from the measure- 
ments obtained. Left ventricular stroke work index equalled 
(mean systolic arterial pressure - PCWP) X stroke volume 
index X 0.0136. Systemic vascular resistance equalled 80 
(mean arterial pressure — right atrial pressure)/cardiac out- 
put. Rate-pressure product equalled systolic arterial pres- 
sure X heart rate. 

Medication other than the trial drug was avoided shortly 
before and within 30 minutes after the control readings. 
Administration of such drugs was intended to be based pure- 
ly on bedside clinical evaluation of the patient, in a fashion 
identical to that of all other MIAMI patients. 

Statistical analysis: At baseline a comparison of back- 
ground variables was made both between the placebo and 
the metoprolol group, and between the hemodynamically 
studied patients and all MIAMI patients admitted within 12 
hours with electrocardiographic signs of AMI. Chi-square 
tests were used for these comparisons. 
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TABLE II Patient Characteristics (All Randomized Patients in the MIAMI Trial, with 
Electrocardiographic [ECG] Signs of Infarction at Entry and Entered Within 12 
Hours Are Also Compared with the Hemodynamically Studied Patients) 


Hemodynamic Study 
Placebo Metoprolol All MIAMI Patients with ECG Changes 
(n = 95) (n = 95) (n = 2,860) 
Characteristics % % % 
Age (years) 5919 5919 59+ 10 
Men 82 82 79 
Women 18 18 21 
Total delay (hours) 7.344.1 7.24+3.6 5,6::2.8* ** 
In-hospital delay 3.11.7 3.42.5 TEELLA 
(hours) 
Clinical history 
Previous infarction 5 5 13** 
Angina pectoris 22 18 26 
Congestive heart 2 0 3 
failure 
Bypass surgery 0 0 1 
Hypertension 13 7 14 
Diabetes 4 4 7 
Smoker 57 55 55 
Chronic medication 
Digitalis 3 4 
Diuretics 5 6 13** 
Antihypertensives 5 1 5 
Clinical findings 
Pulmonary rales 33 33 177 *^ 
Atrial fibrillation 1 4 3 
Ventricular 8 4 ein 
fibrillation 
Medication after 
admission before 
randomization 
Diuretics 13 15 11 
Digitalis 1 3 2 
Atropine E 5 2 
Final infarct site 
Anterior 42 53 44 
Inferior 44 37 37 
Other 14 10 8 








* = p <0.05; ** =p 


<0.01; *** = p <0.001 (hemodynamic group vs MIAMI patients). Differences 


between the placebo and the metoprolol groups were not significant. 


Hemodynamic variables were compared at baseline and 
during 24 hours. At baseline this was done by means of a 


Student t test. Thereafter the variables were compared by 


application of the *area-under-the-curve" method. For each 
patient the area was calculated using the trapezoidal rule. 
The period 0 to 24 hours was divided into 3 intervals: 0 to 1, 1 
to 8 and 8 to 24 hours. For each interval the individual area 
under the curve was calculated. The differences between the 
distributions of the areas under the curve for the whole trial 
period and for each interval were then tested between the 
placebo and metoprolol groups using a t test. 

A p value of <0.05 was considered significant. In the text 
and tables, mean values + standard deviation are presented. 
In figures the mean + standard error of the mean is 
shown. 

Data management: The same procedures as for the main 
MIAMI trial were used in this optional study. A 1-page 
report form was used and data were edited, checked 
and entered into the computer at the Data Management 
Center.!? : 


Results 


One hundred and ninety patients were included in 
the analysis. All fulfilled the criteria for a definite 
infarction. There were 95 patients allocated to placebo 
and metoprolol, respectively. At randomization, back- 
ground variables were not significantly different be- 
tween the 2 treatment groups (Table II). The patients 
in the hemodynamic protocol were also compared with 


all MIAMI patients who had electrocardiographic 
signs of AMI at entry and were randomized within 12 
hours after onset of symptoms (n = 2,860). The cathe- 
terized patients compared with the other MIAMI pa- 
tients had a longer delay time from onset of symptoms 
(7.2 + 3.8 vs 5.6 + 2.8 hours, p <0.001). Twenty pa- 


tients (11%) were randomized between 12 and 24 hours © 


from onset of symptoms. There were fewer patients 
with previous myocardial infarction (5 vs 1396, p 
<0.01) and basal pulmonary rales were twice as com- 
mon (32 vs 16%, p «0.001) among the catheterized 
patients. 

Trial drug administration: Full intravenous load- 
ing dose of trial drug (15 ml) was given to all placebo 
patients and to 86 (91%) patients in the metoprolol 
group. Six of the 9 patients with reduced intravenous 
dose later received oral blind drug according to the 
MIAMI protocol. All 9 were included in the metoprolol 
group in the analysis. 

There were 7 placebo and 8 metoprolol patients who 
did not receive 1 or more oral dose. This was due to 
hypotension in 12 patients (6 placebo, 6 metoprolol), 
heart failure in 2 patients (1 placebo, 1 metoprolol) 
and bradycardia in 1 metoprolol-treated patient. 

Concomitant therapy: After randomization a total 
of 41 placebo- and 40 metoprolol-treated patients re- 
ceived some medication (including analgesics) in addi- 
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TABLE III Hemodynamic Observations During 24 Hours 





; Control 10 Minutes 30 Minutes 1 Hour 2 Hours 
Variable p M P M P M P M P M 
HR (beats 83413 84114 81415 6812 81414 7011 82+16 71412 81414 71412 
.. min) 
RAP 5.13.6 5.64.4 5.23.9 7.54.2 5.33.9 7.84.4 5.03.7 7.2+4.3 4.643.5 6.5+3.6 
.. (mm Hg) 
PAP 
(mm Hg) 
Systolic 31410 33411 32+10 3349 32412 3349 324-10 3409 309 3349 
Diastolic 14+5 15+6 14+5 15+5 15+6 15+5 14+6 15+6 136 146 
Mean 21+7 22+8 22+7 22+6 218 22+6 216 2316 20+6 22+7 
PCWP 13.6 13.7 13.4 14.8 13.2 15.4 12.5 14.7 11.8 14.1 
(mm Hg) +5.8 +6.7 +6.1 +5.7 +6.5 +5.4 +5.6 +5.7 +5.5 +5.8 
(mm Hg) 
Systolic 145427 145+28 144428 128428 142127 12827 143425 129+27 137424 12827 
Diastolic 81414 8114 8014 76416 80+13 76+ 16 79414 76414 76413 74:16 
Mean 104417 103417 102+19 94419 101417 94+17 10116 941-18 971-16 93419 
CO (liter 5.9+1.7 5.61.5 5.81.7 4.31.2 5.61.6 4.31.1 5.71.7 4.341.2 5.61.6 4.5+1.3 
/min) 
Cl (liter 
.— 4min/m?) 3.10.8 2.9+0.7 3.10.8 2.2+0.6 3.0+0.7 2.2+0.6 3.0+0.8 2.2+0.6 2.9+0.7 2.340.6 
SV 72+21 68+20 73422 631-18 71420 62117 71421 6117 71421 64418 
... (ml/beat) 
SVI 
i (ml/beat 394-10 3641-10 39411 3349 389 3218 3819 3219 372-10 3349 
.— /m*) 
SWI 
à (g-m/m?) 59122 5441-18 59121 441-16 57120 431-16 57120 43416 54120 442-16 
SVR 
(dynes 1,430 1.490 1,440 1,740. 1,450 1,710 1,440 1,710 1,410 1,630 — 
M^"s com> +460 +480 +470 +520 +420 +500 +420 +530 +440 +550 
RPP - 1072? 120428 . 122435 117431 88+29 1152-28 901-26 116428 92+27 111427 90+28 
. Hg) 





. Cl cardiac index; CO = cardiac output; HR = heart rate; M = metoprolol; P = placebo; PAP = pulmonary artery pressure; PCWP = pulmonary 
capillary wedge pressure; RAP = right atrial pressure; RPP = rate-pressure product; SAP = systemic arterial pressure; SV = stroke volume; SVI = 


‘Stroke volume index; SVR = systemic vascular resistance; SWI = stroke work index. 
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FIGURE 1. Hemodynamic profiles dur- 
ing the 24-hour study period. The hori- 
zontal time axis is divided into 3 peri- 
ods: 0 to 1 hour, 1 to 8 hours and 8 to 
24 hours. Within each period the pla- 
cebo and the metoprolol groups have 
been statistically compared. Cl = car- 
diac index; DAP = diastolic arterial 
pressure; HR = heart rate; MAP = 
mean arterial pressure; ns = differ- 
ence not significant; SAP = systolic 
arterial pressure; SVI = stroke vol- 
ume index. * = p <0.05; ** = p 
«0.01; *** = p «0.001. 


FIGURE 2. Hemodynamic profiles dur- 
ing the 24-hour study period. Time 
axis and p values as in Figure 1. PCW 
— pulmonary capillary wedge pres- 
sure; RA = right atrial pressure; PA 
syst — pulmonary artery systolic pres- 
sure; PA diast — pulmonary artery dia- 
stolic pressure. 
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tion to the trial drug. Diuretics (18 placebo, 22 meto- 
prolol), sympathomimetics (3 placebo, 1 metoprolol) 
and vasodilators (7 placebo, 7 metoprolol) were equal- 
ly distributed between the 2 groups. 

During the first hour after randomization 6 placebo 

and 4 metoprolol patients received diuretics or nitro- 
prusside or sympathomimetics. 
J Hemodynamic response: In Table III the overall 
hemodynamic findings are presented. The baseline 
recordings did not show any significant difference be- 
tween the treatment groups in any of the variables. 

Heart rate (Fig. 1) in the metoprolol group de- 
creased from 84 + 14 to 68 + 13 beats/min after 
10 minutes. In all the following readings heart rate 
continued to be significantly lower by 10 to 15% in 
the metoprolol compared with the placebo group 
(p <0.001). 

Systolic arterial blood pressure (Fig. 1) decreased in 
the metoprolol group from 145 + 28 to 128 + 29 mm 
Hg after 10 minutes. The systolic pressure continued 
to be lower by 5 to 10% during the observation period 
(p <0.01). However, the diastolic pressure (Fig. 1) was 
not significantly lower than in the placebo group. The 
mean arterial pressure (Fig. 1) was reduced after 10 
minutes and thereafter (p <0.01). 

Cardiac index (Fig. 1) was immediately reduced 
from 2.9 + 0.7 to 2.2 + 0.6 liters/min - m? in the 
-metoprolol group. Thereafter a gradual increase to 2.5 
+ 0.6 liters/min - m? after 4 hours was seen, but the 
difference between the treatment groups remained 





during the entire study period (p <0.001). Reduction E 


of cardiac index in the metoprolol patients was the 
same percentage in patients with an initial reading 


above or below the median (2.9 liters/min/m?) —2896 E 


and 21%, respectively. 
In the metoprolol group stroke volume index was 


reduced within the first 8 hours (Fig. 1). It fell from 36 - 


10 to 32 + 9 ml/beat/m? (p «0.001) after 1 hour. 


Thereafter a gradual increase was observed and after 8 | i 


hours no difference was observed. 
The pulmonary capillary wedge pressure (POWP) 


(Fig. 2) in the metoprolol group increased slightly 5 


from 13.7 + 6.7 to a maximum of 15.3 + 5.4 mm Hg 


after 30 minutes. The difference compared with the f 


placebo group was maintained for 8 hours (p <0.01). 


TABLE Ill (cont'd.) 
4 Hours 6 Hours 8 Hours 12 Hours 18 Hours 24 Hours 
P M P M P M P M P M P M 
82+15 73413 81415 74414 80+15 72114 8124-16 71411 82+16 71412 861-17 72412 
4843.8 7,043.9 4.7440 6.7438 49439 67445 4943.7 65444 50443 64446 4844.2 6.34.5 
31+10 3441-10 312-10 33410 30+10 344 11 309 3341-10 2909 3219 2819 3149 
1345 1545 1445 1445 1445 1445 135 145 1346 1345 125 1344 
20+6 22+6 20+7 22+6 20+7 21+7 19+6 21+6 19+7 20+5 18+6 20+5 
11.8 14.1 12.1 13.6 11.9 13.0 11.8 13.0 11:1 12.3 10.4 11.8 
+5.5 +5.6 +5.8 +5.7 +5.5 +5.3 +5.1 +5.0 +5.3 +4.8 +5.2 +4.0 
137425 126426 139424 127422 134426 124420 129425 122422 128423 118419 127423 119419 
77414 74414 76414 74414 75415 73412 74414 7013 72+14 6813 72413 69+12 
97+17 92+16 97+16 93+ 16 95+18 90+14 931-16 8841-15 9121-15 85414 9114 84114 
5621.4 4:741.3 5.614 4.8413 5.4413 4641.3 5.51.3 4741.1 5.61.3 4.8241.3 5.8215 4841.2 
3.00.6 2.540.666 3.0406 25406 29406 2.4406 29406 2.4406 3.0406 25406 3.1406 2.50.5 
71419 67+20 71421 6721-19 7023-21 661-20 71421 67+17 70+21 69+19 69+20 68+17 
3849 35+10 38+10 34+9 37+10 354-9 381-10 3528 372-10 3619 3749 3518 
554-19 461-17 553-21 46116 53420 454-16 5121-18 4541-15 52-- 19 4514 5017 45115 
m yr oe es i, ag 1,550 1,330 1440 1,310 1,380 1,250 1,350 
+510 +360 +380 +330 +380 +330 +350 
1122-29 921-27 113431 941-25 107130 900724 105432 87:123 10530 841-21 11031 852-18 


Thereafter there was no significant difference between 


the groups. 

In the metoprolol-treated patients with an initial 
PCWP below the median (13 mm Hg) the pressure 
increased from 8.7 + 3.5 to 12.4 + 3.9 mm Hg after 1 
hour (Fig. 3). Asa result PCWP was significantly high- 
er among metoprolol-than placebo-treated patients, 
with an initial reading below the median for the first 8 


hours (p <0.05). Above the median, the PCWP fell in - 
the metoprolol groups from 19.4 + 4.6 to 17.6 + 5.7 mm — 


Hg and in the placebo group from 18.5 + 4.2 to 15.3 + 
5.5 mm Hg after 1 hour. For the whole observation 
period therefore, there was no significant difference 


compared with the placebo group. This dependency on - 
initial PCWP is shown in Figure 4. It also shows the 
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. situation for individual patients at the time for maxi- 
mal change. 


The patients in the upper PCWP quartile (>18 mm 


_ Hg, n = 42) were compared in the same way. The 


metoprolol group (n = 25) decreased from 22.1 + 4.2 to 


. 13.5 + 3.6 mm Hg at 24 hours, which was not signifi- 
- cantly different from the placebo group. Similarly, the 


14 metoprolol and 11 placebo patients in the upper 
quartile who did not receive any medication except for 


the trial drug showed a pronounced decrease in 


PCWP. In metoprolol patients it decreased from 22.6 


x: 5.1to 13.9 + 3.6 mm Hg and in placebo patients from 


. 28.1 + 3.9 to 13.6 + 5.5 mm Hg at 24 hours. 


In the metoprolol group the pulmonary artery pres- 


 sures were slightly higher than in the placebo group 
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. FIGURE 3. Pulmonary capillary wedge (PCW) pressure during 24 


hours divided by median pressure at baseline (13 mm Hg). * = p 


. «0.05. 
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FIGURE 4. Change in pulmonary capillary wedge (PCW) pressure 30 
minutes after randomization compared with PCW pressure at control. 
Dotted line — regression line for the placebo patients; r — —0.17; p — 
not significant. Solid line — regression line for the metoprolol pa- 
tients; r = —0.57; p «0.001. 
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during the observation period, but no clear differences 
were seen (Fig. 2). Right atrial pressure (Fig. 2) in the 
metoprolol group increased from 5.6 + 4.4 to a maxi- 
mum of 7.8 + 4.4mm Hg at 30 minutes. The difference 
to the placebo group was significant during 24 hours 
(p <0.01). 

Rate-pressure product (Fig. 5) fell immediately in 
the metoprolol group after injection and was consider- 
ably reduced throughout the study period (p <0.01). 

The systemic vascular resistance (Fig. 5) increased 
in the metoprolol group from 1,490 + 490 to 1,730 + 
520 dynes s cm~ after 10 minutes. This initial increase 
compared with the placebo group was maintained dur- 
ing the first 8 hours (p <0.01); then a gradual attenua- 
tion of the difference was seen and after 8 hours no 
significant difference remained. 

Left ventricular stroke work index (Fig. 5) was re- 
duced from 54 + 18 to 44 + 16 g - m/m? after 10 
minutes. This reduction compared with the placebo 
group was then maintained during the trial period 
(p <0.01). 

The metoprolol response was not associated with 
age, sex or delay time between onset of symptoms and 
randomization. 

In a subgroup (n = 27, 10 placebo and 17 metoprolol 
patients) with initial heart rate above the median (80 
beats/min), PCWP above the median (13 mm Hg) and 
cardiac index below the median (2.9 liters/min - m2), 
the hemodynamic response to metoprolol was similar 
to that described for each variable. Of these patients 3 
of 10 in the placebo and 2 of 17 in the metoprolol group 
died during the 15-day MIAMI trial period. 

Of the 190 patients studied there were 9 deaths 
(4.7%) during the 15-day follow-up, 5 in the placebo 
and 4 in the metoprolol group. 


Discussion 


This study is the first large placebo-controlled eval-. 


uation of central hemodynamic effects of 8 blockade in 
AMI. The studied patients were representative of the 
MIAMI population with electrocardiographic signs of 
infarction at admission with the exception of pulmo- 
nary rales, which were more common in the first 
group. It is unclear if this is due to a selection of 
patients with higher left ventricular filling pressures 
or a more detailed evaluation of those patients consid- 
ered for catheterization. A minor part of the difference 
is explained by the fact that rales were an inclusion 
criterion after 12 hours delay. The other differences 
compared with the main MIAMI population with elec- 
trocardiographic changes are the lower incidence of 
previous infarction and the longer delay time due to 
the catheterization procedure. 

A number of uncontrolled studies of central hemo- 
dynamic effects of 8 blockade have been published.) 
Propranolol was studied in 7,!-’ metoprolol® and prac- 
tolol? in 1 study each. A comparison of those and the 
present results is difficult due to differences in patient 
selection and delay times. Most of these earlier data 
were obtained at 1 single measurement shortly after 
administration of the drug. In the present trial the 
initial reaction to metoprolol was studied as well as the 


hemodynamic changes during 24 hours. 
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Time axis and p values as in Figure 1. SVR = systemic vascular 
resistance; SWI = stroke work index; RPP = rate-pressure product. 


Systolic blood pressure, heart rate and thus rate- 
pressure product were reduced. Together with the re- 
duction in stroke work index, this suggests a decreased 
myocardial oxygen consumption.!*:!6 However, the di- 


-astolic arterial pressure did not fall, suggesting an un- 


changed myocardial diastolic perfusion pressure. 

The increase in PCWP observed in the metoprolol 
group was small but significant compared with place- 
bo for 8 hours. This observation of a slight increase in 
PCWP is in agreement with Cairns et al.” However, 
Mueller et al* did not find any change in PCWP in 
their pooled population of 55 patients treated with 
propranolol. The increase in PCWP in our patients 
was only observed in the group of patients with an 
initial PCWP below median. 

The patients with elevated baseline PCWP are of 
particular interest. This patient population consti- 
tutes a high-risk group!®!!:!" with increased mortality. 
It is in this group that the negative inotropic effect of 
metoprolol is most worrisome. 

However, we found a continuous decrease of PCWP 
in these patients. The largest decrease in PCWP was 
observed in the upper quartile (PCWP >18 mm Hg). 
There was no difference between the placebo and me- 
toprolol groups. This decrease was found both in pa- 
tients given diuretics or other drugs and in those who 
had no medication during the observation period. A 
similar observation regarding high filling pressures 
has been reported by Mueller et al? for 6 patients with 
initial PCWP »15 mm Hg treated with propranolol. 
Málek et al? reported a normalization of increased 
filling pressures in a small patient population with the 


. same dose of metoprolol as in this study. 


The decrease in PCWP among these potentially 
high-risk patients was similar in the placebo and me- 
toprolol groups. It may be that in this group the nega- 
tive inotropic effects of metoprolol are balanced by a 
more pronounced antiischemic effect on the severely 
hypoxic myocardium. 
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An alternative explanation could be “regression to 
the mean." However, this could not explain the differ- 
ent response between the placebo and metoprolol 
groups below and above the median PCWP. 

The decrease in patients with high baseline PCWP 
might indicate improvement of the diastolic myocar- 
dial function owing to increased myocardial distensi- 
bility. There are several studies suggesting that the 


elevated PCWP in the ischemic myocardium is in fact — 


due to increased myocardial stiffness.!9/? However, 
the exact mechanism is debated.”° 

The reduction in cardiac index in the metoprolol 
group was mainly due to a reduction of heart rate even 
though a reduction of stroke volume was also ob- 
served. After 8 hours it was due entirely to the reduced 
heart rate. The decrease in stroke volume in metopro- 
lol-treated patients was accompanied by an increase in 
PCWP. 'This suggests a depressed Starling curve in 
these patients. The importance of this observation is 
difficult to evaluate as an increase in filling pressure 
was observed only in the patient group with initial 
pressures below median. 

The increase in systemic vascular resistance during 
the first 8 hours might be due to a baroreceptor-medi- 
ated direct effect on the a; receptors, in response to 
the fall in arterial blood pressure.?! However, the cir- 
culating catecholamines could have some contributory 
effect on this change in vascular resistance. The hemo- 
dynamic response was not significantly influenced by 
age, delay time or sex. This has previously not been 
reported after administration of 8 blockers. 


In summary, we have been able to describe the cen-- 


tral hemodynamic reaction to metoprolol in patients 
with AMI. An acute reduction of systolic blood pres- 
sure, cardiac index and heart rate was the most im- 
pressive and consistent effect. These effects might all 
indicate decreased myocardial energy production and 
thus a reduction of myocardial oxygen consumption. 
An increase in PCWP was only seen in the group of 
patients in whom initial filling pressures were low; in 
contrast, the PCWP in the group with high initial 
values decreased in both metoprolol- and placebo- 
treated patients. Thus metoprolol appeared to de- 
crease myocardial oxygen consumption without ad- 
versely affecting PCWP. With this patient selection 
we could not identify any subgroup of patients in 
which the effects of metoprolol were unfavorable. 

Thus, a fall in cardiac index or blood pressure within 
the limits reported here should not contraindicate 
continued treatment, nor should high PCWP per se be 
an argument against metoprolol treatment. Instead, 
bedside clinical findings, such as systolic blood pres- 
sure and lung rales, should be evaluated when the 
decision to use metoprolol is made. 
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General Discussion 


The MIAMI Trial Research Group 


"The purpose of this article is to relate the results of the 
MIAMI trial to the findings from other postinfarction 
studies with 8 blockers and to draw general conclu- 
sions from this collective experience. 

The benefit of long-term 8 blockade as prophylactic 
treatment to reduce mortality and morbidity after an 
acute myocardial infarction (AMI) has been unequivo- 
cally established and this therapeutic approach has 
gained increasing acceptance. The mortality reduction 
amounts to about 25% after 3 years of follow-up in 
well-conducted trials.^? These results have been ob- 
tained mainly in studies in which the oral treatment 
has been started at least 5 days after confirmation of 
the infarction. 

The Góteborg Metoprolol Trial? represented a step 
forward in assessing intervention begun within a few 
hours of onset of symptoms of AMI. Early intravenous 
treatment followed immediately by an oral regimen 
was found to be safe, and there was a 36% lower mor- 
tality rate in the metoprolol group compared with the 
placebo group after 90 days, a statistically significant 
difference. This relative mortality reduction was iden- 
tical to that observed in the Norwegian Timolol Trial? 
but in that late-entry study it was not achieved until 2 
years after the start of treatment. This implies that 
more lives can be saved in a shorter period of time if 
the treatment is started immediately after arrival in a 
hospital. 

There is still some uncertainty regarding whether 
the benefit:risk ratio during the in-hospital phase war- 
rants the early start of treatment with 6 blockade in 
patients with suspected AMI. The MIAMI trial was 
designed to investigate this question further; the pri- 
mary objective was to evaluate the effect of early inter- 
vention with metoprolol on hospital mortality.* Other 
important indexes of morbidity and tolerability were 
also evaluated. Based on a subgroup analysis of the 
Góteborg Metoprolol Trial,* the sample size was esti- 
mated to be adequate to detect a significant difference 
between treatments in mortality after 15 days.® 

The MIAMI trial aimed to select a group of pa- 
tients with higher sympathetic activity but not al- 
ready on treatment with 8 blockers or calcium-channel 
blockers, and this group was expected to have a place- 
bo mortality of 7% after 15 days. The observed placebo 
mortality (4.9%) was considerably lower than predict- 
ed, and the difference between the treatment groups 
was 13% in favor of metoprolol—not statistically sig- 


nificant with a 95% confidence limit for the relative 
effect of metoprolol ranging from an 8% excess to a 
33% reduction in mortality.’ 

These findings from the MIAMI trial have been 
combined with results from other early-entry studies 
with 8 blockers.? These data on nearly 14,000 patients 
indicate a difference of 10% in the in-hospital death 
risk with 95% confidence limits, ranging from an ex- 
cess mortality of 5% to a 22% reduction in death risk. A 
recently completed study? of early intervention with 
atenolol in AMI patients found a 1396 difference in 
total mortality after 7 days. When these data were 
pooled with those above,’ there was a significant (p = 
0.03) difference of 11% in the in-hospital death risk. 
The combined evidence in some 30,000 patients from 
these early-intervention studies suggests that even in 
relatively low-risk coronary care unit patients with an 
in-hospital mortality rate around 5%, early treatment 
with metoprolol can reduce early mortality. 

A retrospectively designed multivariate analysis of 
the MIAMI mortality data indicated that there was a 
considerable proportion of patients at a low in-hospi- 
tal death risk in whom a difference in mortality be- 
tween treatment groups could not be detected." There 
was an indication among the remaining patients that 
metoprolol had an increasing beneficial effect on mor- 
tality with increasing death risk. 

It seems plausible that the heterogeneity in death 
risk among the MIAMI patients, with a preponder- 
ance of patients having a spontaneously benign course, 
may be a major reason that the overall difference be- 
tween the treatments was not more pronounced. 

The results of the MIAMI trial show that very early 
institution of metoprolol treatment can prevent in- 
farct development and limit indexes of infarct size.!9.11 
These effects are strongly dependent on delay time; 
the earlier treatment starts, the better the effect is. 
Patients with a higher sympathetic tone also seem to 
benefit more. These findings are in agreement with the 
observations from metoprolol!2- and other 8 blocker 
studies!6-? concerning effects on indexes of infarct 
size. 

From the Göteborg Metoprolol Trial, the lower 
requirement for furosemide in the metoprolol-treated 
patients is supportive evidence that metoprolol limit- 
ed the evolution of myocardial necrosis and reduced 
the severity of congestive heart failure. Again, that 
effect was inversely related to delay time. No differ- 


™ Ty: 2 














. ence in the mean dosages of furosemide was detected 
— between the treatment groups in the MIAMI trial, in 
which many more patients were given furosemide.?! 

The incidence of a recurrent infarction during the 
study period was lower in the Goteborg Metoprolol 
Trial? (days 4 to 90) and tended to be lower in the 
MIAMI trial? (days 4 to 15). Prophylactic treatment 
. has also been shown to prevent recurrent infarction in 
late-intervention studies..?:222? It seems reasonable to 
believe that similar pathophysiologic mechanisms are 
involved in the development of the very first infarc- 
tion and the reinfarction and that both events are 
favorably influenced by metoprolol. 

Beta blockers are well established in the treatment 
of patients with angina pectoris to prevent pain and 
improve work capacity. The Góteborg Metoprolol Tri- 
. al!214?4 showed that early institution of metoprolol in 
suspected AMI patients reduced ongoing chest pain 
and elevated ST segment, prevented recurrent chest 
pain and reduced the need of analgesics during the 
initial hospital phase. The MIAMI trial? supports 
these findings, showing a lower requirement for nar 
cotic analgesics and other antianginal drugs, and a 
shorter duration of pain among metoprolol-treated 
patients. 

Several studies have indicated that 8 blockers can 
reduce supraventricular as well as ventricular arrhyth- 

mias in patients with AMI.16-26.27 The Göteborg Meto- 
prolol Trial? showed a marked reduction of both 
types of arrhythmias and of the need of antiarrhyth- 
mic agents and digitalis during the hospital phase. 
Metoprolol treatment clearly prevented ventricular 
fibrillation and ventricular tachycardia.?? In the 
MIAMI trial,” metoprolol treatment reduced the inci- 
dence of supraventricular tachyarrhythmias and the 
need for digitalis and other antiarrhythmic agents, but 
did not significantly affect the number of patients who 
developed ventricular fibrillation or ventricular tachy- 
cardia. Again, there were important differences be- 
tween the 2 studies. In MIAMI there was a higher use 
of concomitant prophylactic antiarrhythmic medica- 
tions; these were possibly given to patients at a high 
risk of developing ventricular fibrillation, because the 
incidence of ventricular fibrillation in the placebo 
. group was only about half the incidence in the Göte- 
— borg Metoprolol Trial. 
Favorable effects on early ventricular fibrillation 
. have also been obtained with propranolol.?? The fact 
. that metoprolol, propranolol? and timolol! in late- 
entry studies have shown a marked prophylactic effect 
against sudden cardiac deaths supports the idea that 
these 8 blockers are effective in preventing ventricular 
fibrillation. 

Drug tolerance has been good in the long-term stud- 
ies. In the Göteborg Metoprolol Trial? tolerance was 
also good when metoprolol was injected intravenously 
early in the course of an AMI when patients were likely 
to be hemodynamically labile. Anxiety has persisted, 
however, regarding the safety and tolerability of intra- 
venous ĝ blockade in such patients. The MIAMI trial, 


based on close to 3,000 patients actively treated, firmly 


establishes that intravenous administration of meto- 


prolol is safe when standard contraindications are ob- 
served.?!?! Tt should also be stressed that patients with 
basal pulmonary rales were involved. The findings 
from the hemodynamic subgroup?? of the MIAMI trial 
show that high left ventricular filling pressure is not 
further elevated by metoprolol during the 24 hours 
after the start of treatment. Similarly atrioventricular 
conduction was not seriously impaired by treatment. 

The MIAMI trial patients were selected from the 
segment of all coronary care unit admissions having 
heart rate and blood pressure levels in the upper parts 
of the total distribution and were therefore not repre- 
sentative of all patients. They were not previously 
treated with 8 blockers. The actually observed global 
mortality difference was 1396 from a 4.9% placebo mor- 
tality level. Thus, the MIAMI trial failed to refute the 
null hypothesis most probably because of a loss of 
statistical power. This might be due to the inclusion of 
a large proportion of patients with a spontaneously 
benign course and low mortality. This notion is sup- 
ported by the multivariate analyses showing that as 
the placebo mortality increases to around 7% in seg- 
ments of the study sample, the mortality reduction 
increases to about 30%. The question regarding the 
possibility of lowering the very early mortality in myo- 
cardial infarction by metoprolol treatment is not yet 
completely resolved. However, the confidence interval 
around the MIAMI mortality result includes that of 
the Göteborg Metoprolol Trial. 

The final decision regarding choice of treatment in 
patients with AMI must be based on a global assess- 
ment of as many drug effects as possible. Early treat- 
ment with metoprolol, starting with an intravenous 
loading dose, seems to be indicated for a substantial 
proportion of patients admitted to coronary care 
units. 
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Angina 
Protection _ 


with Benefits for 
a Lifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER CAN MATCH 


Unlike calcium blockers, INDERAL LA—either alone or with a 
nitrate—is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 
proven performance and safety profile of INDERAL tablets— 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to 160 mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next page for 
further details and brief summary of prescribing information. 


ONCE-DAILY 
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-BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR ) 
INDE L” LA brand of propranolol hydrochloride (Long Acting Capsule 


gi ydrochloride. Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 


hee petes with beta-adrenergic receptor d dti for available receptor sites. When 
1 N 


.. conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
. exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
» can de effective beta blockade for a 24-hour period. 

v mechanism of the antihypertensive effect of INDERAL has not been established. 






Among the factors that may be involved in contributing to the antihypertensive action are (1) 
y tic eines cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
T. ic sympathetic nerve outflow from vasomotor centers in the brain. Although total peripheral 
D certa may increase initially, it readjusts to or below the pretreatment level with chronic 
. use. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 


. been shown to cause a small increase in serum p ium concentration when used in the 











| ‘systolic blood pressure, and the velocity and ext 
_ May increase oxygen requirements by increasing 
| pressure and systolic ejection period. The net phys 
__ 1$ usually advantageous and is manifested dun 
- increased work capacity 
TE. In dosages greater than required for beta blog 
. or anesthetic-like membrane action which affe 
| cance of the membrane action in the treatment of 
- .. The mechanism of the antimigraine effect of g 
- adrenergic receptors have been demonstrated i 
- — . Beta receptor blockade can be useful in co 
Cg. functional c es, sympathetic activity is detri 
- Situations in which sympathetic stimulation is vital 9. In patie 
.. dama hearts, adequate ventricular function is maintained by virtue of sympathetic drive 
ru h should be preserved. In the presence of AV block, greater than first degree, beta 
_ blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
-.. Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
"activity which should be preserved in patients subject to bronchospasm. 
.. ____ Propranolol is not aC dialyzable. 
J INDICATIONS AND USAGE. ension: INDERAL LA is indicated in the manage- 
- ment of hypertension; it may be used alone or used in combination with other antihypertensive 
| agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies. 
T . Angina Pectoris Due to Atherosclerosis: INDERAL LA is indicated 
7 for the long-term management of patients with angina pectoris. > 
Eo : INDERAL LA is indicated for the prophylaxis of common migraine headache. 
_ The orat of propranolol in the treatment of a migraine attack that has started has not been 
|. establi and propranolol is not indicated for such use. 
Ie rs, ic Stenosis: INDERAL LA is useful in the management of 
. hypertrophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
. angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
' effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
a the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation 
. Clinical improvement may be temporary. 
Ls ZONTRAIND TIONS. INDERAL is contraindicated in 1) cardiogenic shock: 2) sinus 
- — bradycardia and greater than first degree block; 3) bronchial asthma; 4) congestive heart 
m J WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 
War NINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 
‘porting circulatory function in patients with congestive heart failure, and its inhibition by beta 
_ blockade may precipitate more severe failure. Although beta blockers should be avoided in 
oo vert congestive heart failure, if necessary, they can be used with close foliow-up in patients 
_ with a history of failure who are well compensated and are receiving digitalis and diuretics. 
Eee adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 
INPATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
. failure, the patient should be digitalized and/or treated with diuretics, and the response 
- Observed closely, or INDERAL should be discontinued (gradually, if possible). 


-| IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
$$ tarona and, in some cases, myocardial infarction, eee PN discontinuance of 
* | INDERAL therapy. Therefore, when discontinuance of INDE is planned the dosage 
_ | should be gradually reduced over at least a few weeks, and the patient should be 
|. cautioned against interruption or cessation of therapy without the physician's advice. If 
_ INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
.| able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
-| agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
p vie de. occult atherosclerotic heart disease who are given propranolol for other 
“indications. 


| — Nonallergic Bronc asm (e. chronic bronchitis, emphysema)— 
| PATIENTS WITHBRONCHOSPASTIC DIM SABES SHOULD GENERAL NOT RE EIVE BET, 
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OCKERS. INDERAL should be administered with caution since it may block bronchodila- 
. tion produced by endogenous and exogenous catecholamine stimulation of beta receptors. 
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MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta- 
receptor agonists and its effects can be reversed by administration of such agents, e.g., 
dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg 
propranolol 
PRECAUTIONS. General: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment ot hypertensive 
emergencies. 

Beta adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a retum of increased intraocular pressure 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 
hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
doth rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of significant 

cin deed tewcity Thereawe©re no aelated tumorigenic effects at any of the dosage 
not show any impairment of fertility that was 





. INDERAL has been shown to be embryotoxic in 
eate than the maximum recommended human dose 

WE d studies in pregnant women. INDERAL should 

only if the potential benefit justifies the potential risk to the fetus. 

S: INDERAL is excreted in human milk. Caution should be exercised when 

stered fo a nursing woman 

Sa A j 5 in children have not been established. 

: eS effects have been mild and transient and have 













i fae. intensification of AV block; hypo- 
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Central Nervous System: ligh idedness; mental depression manifested by insomnia, | 
lassitude, weakness, fatigue; reWlfSibie mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation for 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm. 

Hematologic; agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 

tence, and Peyronies disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) 
have not been associated with propranolol. 
DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hyarochloride in à 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg for mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary especially to maintain effectiveness at the end of the 24-hour dosing interval 

HYPERTENSION— Dosage must be indiwdualized. The usual initial dosage is 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS —Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimum dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximum dose, INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug gradually over a period of 
several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS — 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE-—At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Laboratories. 
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. Quinton Q3000B Stress 
Test System 


are testing patients with physical 
limitations that preclude using 


Discover just bow much your dollar cam 
buy. We invite you to learn more pu 





; treadmill testing. our stress test systems. Then compare and | : 
An affordable stress test system no * Some people, such as geriatric phy- Quinton stress testing — 
. longer means settling for second best. patients with low cardiopulmo- y n pesti, 
. Not if your choice is Quinton's new | | RM 
nary or muscular reserve, may l : 
-.. Q3000B System—featuring our b | MI 
e unable to walk or run on a e 
- Q3000B Monitor and Corival 400 dmill DM 
. Ergometer. ee E 
initi = st 
Now the sophistication you require The initial workload can be set 2g 
_can be yours without the high price low on the bicycle ergometer a 
tag. Only Quinton Instrument and can be increased in small, instrument co. Eti d : 
EE seit RDA EE pe ET 2121 Terry Avenue; Seattle, WA 98121-2791 
: : Telex 3794094 QUINTON D 
features such as ASVV, signal It is zog - identify ied In USA, call toll free: EN 
averaging, and programmability at a prescribe a precise, very low Domestic Sales 800/426-0347 EC 
“little system" price. That's not exercise program for physically Int'l. Sales 800/426-0337 Ne 
. surprising—we were pioneers in the impaired patients. y pare Aie ge uideri en 
— stress testing field, and we have An AH ROBINS Company 


. Worked very hard to provide only top 
. quality equipment you know you can 
E y on. That's iig we remain the 
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The bicycle ergometer is often 
preferred for pediatric 
cardiology. 


* The Q3000B System is less 
expensive and requires less floor 
space than an Vidi rig, d 
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e ipana amounts of labetalol (approximately 0.004% of the maternal 
dos) are excreted in human milk. Caution should be exercised when 
NORMODYNE Tablets are administered to a nursing woman. 
Pediatric Use 


Safety and effectiveness in chikdren have not been established. 


continuation of NORMODYNE (labetalol HCI) Tablets due to one or 
effects was required in 796 of all patients. [n these same 


patients, and a centrally acting alpha-agonist in 3096 of patients. 


is com- were derived from multicenter controlled clinical trials, comparing labe 
talol HCI, placebo, , over treatment peri 
of 3 and 4 months. Where the frequency of effects for labetalol 
émphy HCI and placebo is similar, causal relationship is . The rates 
Ze adn wisi PÀ perit atl y drug-related by the 
SR Low tor. If all reports are considered, the rates are somewhat higher 
dur es. ; onte 2096, nausea 1496, fatigue 1196), but the overall conclu- 
, are unchanged. 
TH Labetalol HCl Placebo Propranolol Metoprolol 
(N=227) (N=98) (N=84) (N=49) 
% % % % 
mnes piri ee 5 0 12 12 
em l l l 0 
headache 2 l l 2 
Gastrointestinal 
nausea 6 i 1 2 
cups tid vomiting «1 0 0 0 
Ae B EM age 
ta i ABS T 0 2 0 
taste distortion 1 0 0 0 
Central and Peripheral bor Systems ‘ A P 
0 0 0 
drowsiness «I 2 2 2 
Autonomic Nervous System 
nasal 3 0 0 0 
ejaculation failure 2 0 0 0 
impotence l 0 l 3 
increased sweating <1 0 0 0 
Cardio 
“one REND Sake $f ude 0 
eae? eae, | 0 5 12 
Respirato 
'dà d 2 0 l 2 
This information rash 1 0 0 0 
Special Senses 
vision abnormality 1 0 0 0 
vertigo 1 0 0 


The adverse effects were reported spontaneously and are represen- 
tative ofthe cene of adverse ets that may be observed i ina lia 
properly selected hypertensive patient population, i.e., a group exc 
ing patients with i ttbi a 
or other contraindications to beta-blocker 
Clinical trials also included studies utilizing ily doses up to 
2400 mg in more severely hypertensive min mon of f the side 


effects increased with increasing dose as shown in nie d. cam which 
pen the entire U.S. therapeutic trials data base ‘a c reactions 
, appropriate tests that are clearly or possibly dose related. 
HCl in combination Daily "d (mg) 200 300 400 600 
eios nan hr f x Patients 522 181 606 608 
eniin MAE TD Bl 
t 
pm «1 0 l 2 
Vomiting 0 0 «I «1 
l e 2 I 
2 e 2 2 
asal 1 1 2 2 
paculi Failure 1 : i : 
Edema l 0 1 l 
Labetalol 
Dose (mg) 800 900 1200 1600 2400 
50 242 175 
j 13. 16 
6 10 
il 19; 
ak Ya 


should only if the tial benefit justifies the 
opt my on ape ; 


ADVERSE REACTION: 
Most adverse effects are mild, transient and occur early in the course 
of treatment. In controlled clinical trials of 3 to 4 months duration, dis- 


more adverse 
trials, beta-blocker control agents led to discontinuation in 8 to 10% of 
The incidence rates of adverse reactions listed in the following table 


isease, overt congestive heart failure, 


| Vj dp 









In addition, a number of other less common adverse events have be PET 

been reported in clinical T or the literature: e, ef 
Cardiovascular Pos hypotension, including rarely, syncope. - 
Central and Peripheral Nervous Systems Paresthesias, most frequently Ur 

described as scalp tingling. In most cases, it was mild, transient and 9 | 


usually occurred at the of qua rem 
Disorders Systemic ematosus; tive antinu- 
clear factor (ANF). x5 iu 


Eyes Dry eyes. 

in Mie Antimitochondrial antibodies. 
sedo Cholestasis with or without jaundice. 

Mera Sheed Muscle cramps; toxic myopathy. 


Respir System Bron 
Skin and : weenie ae. Mach w pee eralized 


retention. “i 
Fo approval for et akon in the United K ‘ | 
monitored survey pee ny approximately 6,8 orate eee 
conducted for further safety Paes eriiic of this produc 
Results of this survey Snare that the type, severity, and Lares of 
adverse effects were comparable to those cited above. i 
Potential Adverse Effects i 
bbe «at a Meier dara ct not moe above have been 
reported wi r nts. 
Central Nervous System Reversible aon val depression progress ing to 
catatonia; an acute reversible syndrome characterized Prien titio 
for time and place, short-term loss, emotional lability, yy slightly 
clouded sensorium, decreased pe e on neuropsychometrics. i 
Intensification of X AV block. See 
CONTRAINDICATIONS. 
Allergic Fever combined with aching and sore throat; laryngospasm; 
respiratory distress. 
Hematologic Agranulocytosis; thrombocytopenic or nonthrom- 


bocytopenic purpura 
Saul Mesintélie artery thrombosis; ischemic colitis. 
The ene heal associated with the beta-blocker 
practolol has not been with labetalol HCI. 
Clinical laboratory tests: There have been reversible increases of i 
serum transaminases in 4% of patients treated with labetalol HCI and d 
tested, and more rarely, reversible increases in blood urea. ak . 


OVERDOSAGE TT d 
Overdosage with NORMOD E (labetalol gem Tablets causes i 
wen hypotension e sensitive ind aceeetinnts: E vd 4 


eto improve the b iod np IM brain. The following addi- 
administer atropine (3.0 mg). If there is no 


administer isoproterenol cautiously. Cardiac ch pò repine w dba eri I ay A 
Me Teele coat Ph ry cr bape P sd 
e.g., norepinephri o in 
tine may be the drag of choice Veterem s aeg 
stimulating agent and/or a theophylline preparation 
Gastric lavage or pharmaco cally induced emesis (using yp of 
iotas) is useful for removal of the drug otc after i betalol 
HCl can be removed from the general CU Gf by e nodinhydi 
The oral LDap value of labetalol HCI in the pies aone mately 
600 mg/kg and in the rat is greater than 2 gm/kg. The intravenous LDso 
in these species is 50 to 60 mg/kg. tw : 
DOSAGE AND ADMINISTRATION À Sat 
DOSAGE MUST BE INDIVIDUALIZED. The recomme ned ie 20 
tial dose is 100 mg daly whether used alone or added to a di 
regimen. After 2 or ts Salon epic Dena m nie. =e NE 
dosage may be titrated in increments of O mg bd every 2 or 3 days. i e 
dol Naar of labetalol H Lis between 200 00 and Ka 


ur fll anti fasi effect of labetalol HCI is usually seen 
within the first one to of the initial dose or dose increment, 
the assurance of a lack of an exaggerated h ensive response can be * 
clinically established in the office setting. The antihypertensive effects 
of continued dosing can be measured at dibiequant Vini approximately 
12 hours after a dose, to determine whether further titration is necessary. 
Patients with severe hypertension may require from 1200 mg to 
2400 mep day, with or without thiazide diuretics. Should side effects 
( y nausea or dizziness) occur with these doses administered bid, 
e cme sae daily dose administered three times daily may improve 
tolerability and facilitate further titration. Titration increments should 
not exceed 200 mg twice daily. 
When a diuretic is added, an additive qp reris effect can be 
expected. In some cases this may necessitate a labetalol HCI dosage 
justment. As with most antihypertensive drugs, optimal dosages of 
NORMODYNE Tablets are y lower in patients also receiving a X 


diuretic. ! 
When transferring patients from other antih ive drugs, 20€ 

NORMODYNE Dedi be inerodhaced as oetomiminded er dic. Dane 

dosage of the existing therapy progressively decreased. dos So. 


HOW SUPPLIED 
NORMODYNE (labetalol HCI) Tablets, 100 mg, light-brown, 
round, scored, film-coated tablets engraved on one side with Schering e i 
and t identification numbers 244, and on the other side the num- | 
ber 100 for the strength and "NORMODYNE"; bottles of 100 (NDC- vie 
peat , 500 aca. -0244-05), and box of 100 for unit-dose 
NORMODYNE (labetalol HCI) Tablets, 4 , white, round, 
scored, film-coated tablets engra th Schering and. 
t identification numbers 752, and on x agers her the number 
he SO and "NORMODYNE"; bottles of 100 (NDC- 
(NDC-0085-0752-05), box of 100 for unit-dose È 
Ta torles of 5-0752-08), and Patient Calendar Package of . 
b E bottles of 14 tablets) EOM 52-03). 
YNE (labetalol HCI) Tab , blue, round, film- Cd 
coated eare a PATI on one side with Schering and product identi- 
fication numbers 438, and on the other side the Rue 300 for the 
ER MAN ‘NORMODYNE”; bottles of 100 (NDC-0085-0438-03), 
500 (NDC-0085-0438-05), box ‘of 100 for unit-dose dispensing (NDC- 
0085-0438-06), and Patient Calendar Package of 56 (4 eng of 14 
bs Uster pA ifa ). 
ODYNE (labetalol HCl) Tablets should be stored between 
2° and CI (36° 
NORMOD 


86°F). 
DYNE (labetalol HCI) Tablets in the unit-dose boxes 
should be protected from excessive moisture. 
For complete prescribing information, please consult package insert. 
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In 1980, ACS innovation provided the first over-the-wire 
coronary balloon dilatation catheter system. 


As PTCA has become a widely practiced interventional 
technique the need has grown for innovative systems to ; i 
Where innovation continues. 
perform more complex procedures. ACS has those ACS i a holy ouod su OA 
^] innovative systems for today and tomorrow. Contact of Eli Lilly and Company. 
your ACS representative and clinical specialist or call 
(800) 227-9902 for more information. > 


© 1985 Advanced Cardiovascular Systems, Inc. 
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BERL Laboratories, Inc., Wayne, New Jersey 07470 
y y 





|] U h C) E. D rol RELEASE TABLETS 


uinagiuie 


quiniaine gluconate 


— Continuous arrhythmia control 

— Well tolerated in long- term therapy' 

— Less GI upset than with quinidine sulfate’ 
— B.1.D.* dosage for uninterrupted protection 


Start the oral agent he can live with 


*Some patients may require more frequent (t.i.d.) dosing 
Please turn page for brief summary of prescribing information. 


References: 1. Selzer A: Heart Lung 1982 11: 20-23. 
2. Podrid P: Patient Care 1981;15:100-132. 
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^ Du M e ^ 
- ventricular tachycardia (when 


~ 2. Junctional (nodal) arrhythmias: A-V junctional premature com- 


„plexes, paroxysmal junctional tachycardia 3. Supraventricular (atrial) 
| las: Premalure atrial contractions, paroxysmal atrial tachycardia 
rial fibrillation (chronic anc paroxysmal). 
NDICATIONS: 1. Idiosyncrasy or hypersensitivity to quinidine. 
fy v ele A-V block. 3. Complete bundle branch block or other severe 
-intraventricular conduction defects, especially those exhibiting a marked 


e 


4 


.2. Complete A 


s a 
atrial lutter, at 
 CONTRAI 


-. grade of QRS widening. 4. Digitalis intoxication manifested by A-V 
-. COnduction disorders. 5. Myasthenia gravis. 6. Aberrant impulses and 
- abnormal rhythms due to escape mechanisms 


WARNINGS: 1 in the treatment of atrial flutter, reversion to sinus rhythm 
-— May be preceded by a progressive reduction in the degree of A-V block to a 


- 1:1 ralio resulting in an extremely rapid ventricular rate. This possible 


. hazard may be reduced by digitalization prior to administration of quinidine 
-. 2 Recent reports indicate that plasma concentrations of digoxin increase 
and may even double when quinidine is administered concurrently. Patients 


- 9n concomitant therapy should be carefully monitored. Reduction of 


- digoxin dosage may have to be considered 
3. Manifestations of quinidine opt rg such as excessive prolonga- 


tion of the Q-T interval. widening of the QR 


complex and ventricular 


-. lachyarrhythmias mandate immediate discontinuation of the drug and/or 
close clinical and electrocardiographic monitoring 


4. In susceptible individuals. such as those with marginally compensated 
cardiovascular disease, quinidine may produce clinically important depres- 


Sion of cardiac function such as hypotension, bradycardia, or heartblock 
Quinidine therapy should be carefully monitored in such individuals 
- 5. Quinidine should be used with extreme caution in patients with incom- 
- plete A-V block since complete block and asystole may be produced 


< Quinidine may cause abnormalities of cardiac rhythm in digitalized patients 


and therefore should be used with caution in the presence of digitalis 
intoxication. 6. Quinidine should be used with caution in patients 
exhibiting renal, cardiac or hepatic insufficiency because of potential 
accumulation of quinidine in plasma leading to toxicity 

T. Patients taking quinidine occasionally have syncppal gan which 


- — usually result from ventricular tachycardia or fibrillation 


his syndrome 


- has not been shown to be related to dose or plasma levels. Syncopal 
- episodes frequently terminate spontaneously or in response to treatment, 


-— but sometimes are fatal 


-BA few cases of hepatotoxicity, including granulomatous hepatitis, due to 


-  Quinidine hypersensitivity have been reported in patients taking quinidine 


- Unexplained fever and/or elevation of hepatic enzymes, particularly in the 


early stages of therapy, warrant consideration of possible hepatotoxicity 


- — Monitoring liver function during the first 4-8 weeks should be considered 
_ Cessation of quinidine in these cases usually results in the disappearance 


— of loxicit 


' PRECAUTIONS: General: The precautions to be observed include all 

- those applicable to quinidine A preliminary test dose of a single tablet of 
-- quinidine sulfate may be administered to determine if the patient has an 
-—— idiosyncrasy to quinidine. Hypersensitivity to quinidine, although rare 


should constantly be considered. especially during the first weeks of therapy 
Hospitalization tor close clinical observation. electrocardiographic monitor- 


ing, and possible determination of plasma quinidine levels is indicated 
- when large doses are used, or with patients who present an increased risk 
Information for Patients: As with all solid oral medications. Quinaglule 
uinidine gluconate) Dura-Tabs (sustained-release tablets) should be 
* taken with an adequate amount of fluid, preferably in an upright position, 


— to facilitate swallowin 
— Drug Interactions: Drug 


Effect 


- Quinidine with anticholinergic drugs Additive vagolytic effect 


_ Quinidine with cholinergic drugs 


Antagonism of cholinergic effects 


-Quinidine with carbonic anhydrase —Alkalinization of urine 


~ inhibitors, sodium bicarbonate. 
-thiazide diuretics 


Quinidine with coumarin 
anticoagulants 


| “Quinidine with tubocurare, 


resulting in decreased 
excretion of quinidine 


Reduction of clotting factor 
concentrations 


Potentiation of neuro- 


- guccinyicholine and decamethonium muscular blockade 


- Quinidine with phenothiazines Additive cardiac depressive 
. and reserpine effects 
- Quinidine with hepatic enzyme- Decreased plasma hall-life 
inducing drugs (phenobarbital, of quinidine 


phenytoin, rifampin) 
- Quinidine with digoxin 


: Carcinogenesis, Mutagenesis a 


Increased plasma concentra- 
lions of digoxin (see WARNINGS) 


nd Impairment of Fertility: Long- 


` term studies in animals have not been performed to evaluate the 
carcinogenic potential of quinidine. There is currently no evidence of 
Adan mutagenesis or impairment of fertility 

 FTeg 


Pregnancy: Jeratogenic Effects: Pregnancy Category C. Animal reproduc- 
lion studies have not been conducted with quinidine. There are no adequate 


- and well-controlled studies in pregnant women. Quinaglule (quinidine 

- gluconate) Dura-Tabs should be given to a pregnant woman only if clearly 
- needed. Nonteratogenic Effects: Like quinine, quinidine has been reported 

- lo have oxytocic properties. The significance of this property in the clinical 


. Selling has not been established 


- Nursing Mothers: Caution should be exercised when Quinaglule 
- (quinidine gluconate) Dura- Tabs are administered to a nursing woman due 
^s POE of the drug into breast milk 
- Pediatric Use: There are no adequate and well-controlled studies 
establishing the safety and effectiveness of Quinaglute (quinidine gluco- 


pha Dura-labs in children. 
AD 


ERSE REACTIONS: Symptoms of cinchonism, ringing in ears, 


headache, nausea, and/or disturbed vision may appear in sensitive patients 


after a single dose of the drug. The most frequently encountered side 
effects to quinidine are gastrointestinal in nature. These gastrointestinal 
_ effects include nausea, vomiting, abdominal pain and diarrhea 
- Less frequently encountered adverse reactions: 


_ Cardiovascular: Widening of QRS complex. cardiac asyslole, ventricular 
ectopic beats, idioventricular rhythms including ventricular tachycardia and 


fibrillation. paradoxical tachycardia, arterial embolism and hypotension 

. Hematologic: Acute hemolytic anemia, hypoprothrombinemia, throm- 

- bocytopenia (purpura). agranulocytosis 

- Central Nervous System: Headache, fever. vertigo, apprehension 

- excitement, confusion, delirium and syncope, disturbed hearing (tinnitus, 
decreased auditory acuity), disturbed vision (mydriasis, blurred vision, 
disturbed color perception, reduced vision field, photophobia, diplopia. 

- might blindness, scotomata), optic neuritis 
Dermatologic: Rash, cutaneous flushing with intense pruritus, urticaria 
Photosensitivity has also been reported 
Hypersensitivity Reactions: Angioedema, acute asthmatic episode. 


vascular collapse, respiratory arrest, h 


tic toxicity, including gran- 


ulomatous hepatitis (see WARNINGS). Although extremely rare, there have 
also been reports of lupus erythematosus in patients taking quinidine A 
positive association with quinidine therapy has not been established 

See package insert for full intormation. 
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This valuable new clinical reference provides a detailed update on many aspects of 
mechanical heart valve prostheses, including hemodynamics, clinical results, results in 
children, non-invasive assessments, special indications, and implant techniques. Each 
topic is presented in an easily understood style and format which facilitate the com- 
prehension of recent developments in heart valve replacement for the busy clinician. 

Each chapter is written by internationally respected physicians and medical scientists 
each of whom is pre-eminent in his field. All of the information has been co-ordinated 


by Dr. DeBakey to produce a very readable and informative volume on the state-of-the- 


art of heart valve replacement with mechanical prostheses. No cardiologist, cardio- 
vascular surgeon, internist, or bioengineer can afford not to be knowledgeable about 
the information in this book. 
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INTRODUCING THE SMALLEST, 
LIGHTEST HOLTER RECORDER AVAILABLE. 


The new Spacelabs 90201 Holter recorder weighs 
just 10 oz., - about the same as some of the everyday items 
your patients might have in their pockets. And at a tiny 
3.2" x 5.5" x 0.8" size, it fits right in a shirt pocket, too. 

The latest, most advanced technology has enabled us 
to put all the reliability, accuracy and capability of our 
previous generations of Holter recorders - and then some- 
into this new compact model, for the greatest patient com- 
fort and convenience ever. 

It provides 2 channels of ambulatory ECG data, plus 
a discrete timing track for 24 or 48 hours' continuous record- 
ing time. Automatic calibration and a backup internal battery 
forthe LCD clock guarantee accurate event-time correlation. 
And the patient event marker is easily accessible. 


NEW 


"FEATHERWEIGHT" 90201 HOLTER RECORDER 


Ask your representative for the name of a scanning service in your area. 


YES... THE NEW 
“FEATHERWEIGHT” 
FROM SPACELABS. 





AND SPACELABS’ MOST ADVANCED, ACCURATE, 
EASY-TO-USE HOLTER ANALYSIS SYSTEM. 


Our new 90101 scanner minimizes the inaccura- 
cies inherent in other arrhythmia discriminators via its 
powerful simultaneous 2-channel discriminator, for more 
meaningful information. And you can get this informa- 
tion faster and easier than ever before - a full report, in- 
cluding numeric summary, graphic summary and sample 
beat classification, in just 10-15 minutes - without any 
operator interaction! Or you can have a fully edited re- 
port, using its morphology merge/ delete feature, in just 
5 minutes. What's more, you can easily program the system 
to individualize reports to meet your specific needs. It 
includes an industry standard communications bus- a 
pathway to the future 
with the product you 
purchase today. And its 
cost is justified in only 
3 scans/ month! 





NEW 


90101 HOLTER ANALYSIS SYSTEM 


Spacelabs 


A Squibb Company 


4200 150th Avenue, NE, P.O. Box 97013 
Redmond, WA 98073-9713 (206) 882-3700 
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CORGARD* TABLETS 
Nadolol Tablets 


DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first 
degree conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS ). 
WARNINGS: Cardiac Failure —Sympathetic stimulation may be a vital component 
supporting circulatory function in congestive heart failure, and its inhibition by beta- 
blockade may precipitate more severe failure. Although beta-blockers should be avoided 


-A in overt congestive heart failure, if necessary, they can be used with caution in patients 


$ 


with a history of failure who are well-compensated, usually with digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 


. muscle. IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of 


_ beta-blockers can, in some cases, lead to cardiac failure; therefore, at first sign or 
symptom of heart failure, digitalize and/or give diuretics, and closely observe response, 


-or discontinue nadolol (gradually if possible). 


p 
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Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing 
chronic use of nadolol, particularly in patients with ischemic heart disease, gradually 
reduce dosage over a l- to 2-week period and carefully monitor the patient. Reinstitute 
nadolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary 
insufficiency develops. Warn patients not to interrupt or discontinue therapy without 
physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients treated only for hypertension. 


Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — PATIENTS 
WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. 
Administer nadolol with caution since it may block bronchodilation produced by endoge- 
nous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta-blockade impairs the ability of the heart to respond to 


E reflex stimuli and may increase risks of general anesthesia and surgical procedures, 


resulting in protracted hypotension or low cardiac output, it has generally been suggested 
that such therapy should be withdrawn several days prior to surgery. Recognition of the 
increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. If possible, withdraw 


25. beta-blockers well before surgery takes place. In «emergency surgery, inform the anesthesi- 
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.. beta-adrenergic receptor blocking agents. 
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e _ ologist that the patient is on beta-blocker therapy. Use of beta-receptor agonists such as 


 isoproterenol, dopamine, dobutamine, or levarterenol can reverse the effects of nadolol. 
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culty in restarting and maintaining the heart beat has also been reported with 
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necessary to adjust dose of antidiabetic drugs. KEA 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (eg, — 
tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic block- — 
ade which might precipitate a thyroid storm, carefully manage patients suspected of — — 







, z T 


developing thyrotoxicosis. av. 
PRECAUTIONS: Impaired Renal Function — Use nadolol with caution (see DOSAGE — 
AND ADMINISTRATION section of package insert ). iu 


sh 
Information for Patients — Warn patients, especially those with evidence of coronary —— 
artery insufficiency, against interruption or discontinuation of nadolol without physicians — 
advice. Although cardiac failure rarely occurs in properly selected patients, advise — 
patients being treated with beta-adrenergic blocking agents to consult physician at first — - 
sign of impending failure. Advise patients in event of missed doses. ree 
Drug Interactions — Concurrent administration may result in interactions with: 
Anesthetics, general—exaggeration of the hypotension induced by general anesthetics — 
(see WARNINGS, Major Surgery). Antidiabetic drugs (oral agents and insulin) 
—hypoglycemia or hyperglycemia; adjust antidiabetic drug dosage accordingly (see — 
WARNINGS, Diabetes and Hypoglycemia). Catecholamine—depleting drugs (e.g. — 
reserpine ) —additive effect; monitor closely for hypotension and/or excessive bradycardia. SA 
Carcinogenesis, Mutagenesis, Impairment of Fertility — In | to2 years oral toxico- _ xi 
logic studies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In — 
2-year oral carcinogenic studies in rats and mice, nadolol did not produce neoplastic, ^. 
preneoplastic, or nonneoplastic pathologic lesions. 5m 
Pregnancy — In animal reproduction studies with nadolol, evidence of embryo-and 2 


fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times 
greater (on a mg/kg basis) than maximum indicated human dose; no teratogenic poten- — 
tial was seen in any of these species. There are no well-controlled studies in pregnant — - 
women; therefore, use nadolol in pregnant women only if potential benefit justifies b S. 
potential risk to the fetus. Neonates of mothers who received nadolol at parturitionhave — 
exhibited bradycardia, hypoglycemia and associated symptoms. a. 

Nursing Mothers — Nadolol is excreted in human milk. Exercise caution when nadolol 
is administered to a nursing woman. 1 

Pediatric Use — Safety and effectiveness in children have not been established. E 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have 
rarely required nadolol withdrawal. > AME 
Cardiovascular —Bradycardia with heart rates of less than 60 beats per minute — 
occurs commonly, and heart rates below 40 beats per minute and/or symptomatic M 
bradycardia were seen in about 2 of 100 patients. Symptoms of peripheral vascular — 
insufficiency, usually of the Raynaud type, have occurred in approximately 2 of 100 T4 
patients. Cardiac failure, hypotension, and rhythm/conduction disturbances have each — 
occurred in about | of 100 patients. Single instances of first degree and third degree heart — — 
block have been reported; intensification of AV block is a known effect of beta-blockers — 
(see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous _ 
System — Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory — Bronchospasm reported in approximately 1 of 1000 patients ( see CONTRA- 
INDICATIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal dis- 
comfort, constipation, vomiting, indigestion, anorexia, bloating and flatulence each - 
reported in 1 to5 of 1000 patients. Miscellaneous — Each of the following reported in 1 to 
5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 
decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; 
sweating; tinnitus; blurred vision; infrequent reversible alopecia. The following adverse 
reactions have been reported in patients taking nadolol and/or other beta-adrenergic 
blocking agents, but no causal relationship to nadolol has been established. Central y 
Nervous System — reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 4 
for time and place; short-term memory loss, emotional lability with slightly clouded 4 
sensorium; decreased performance on neuropsychometrics. Gastrointestinal — 1 


^) 





mesenteric arterial thrombosis; ischemic colitis; elevated liver enzymes. Hematologic — 
agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. Allergic — fever 
combined with aching and sore throat; laryngospasm; respiratory distress. — 
Miscellaneous — pemphigoid rash; hypertensive reaction in patients with pheochromo- ] 
cytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome x 
associated with practolol has not been reported with nadolol. J 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In determin- — 
ing duration of corrective therapy, take note of long duration of effect of nadolol. 
Excessive Bradycardia — Administer atropine (0.25 to 1.0 mg). If there is no response 
to vagal blockade, administer isoproterenol cautiously. / 
Cardiac Failure — Administer a digitalis glycoside and diuretic. It has been reported —— 
that glucagon may also be useful in this situation. 
Hypotension — Administer vasopressors, e.g., epinephrine or levarterenol. ( There is 
evidence that epinephrine may be the drug of choice. ) 
Bronchospasm — Administer a beta,-stimulating agent and/or a theophylline derivative. — 
DOSAGE: For all patients, DOSAGE MUST BE INDIVIDUALIZED. d 
For angina pectoris, usual initial dose is 40 mg q.d.; may be gradually increased in 40 — 
to 80 mg increments at 3 to 7 day intervals until optimum clinical response or pro- p 
nounced slowing of the heart rate; usual maintenance dose is 40 or 80 mg q.d.(dosesup — — 
to 160 or 240 mg daily may be needed). If treatment is to be discontinued, reduce dosage — 
gradually over a period of 1 to 2 weeks ( see WARNINGS ). v5 r3 
For hypertension, usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg — 
increments until optimum blood pressure reduction is achieved; usual maintenance dose — 
is 40 or 80 mg q.d. ( doses up to 240 or 320 mg daily may be needed ). 2) 
Patients with renal failure require adjustment in dosing interval; see package insert for 
dosage in these patients. 
For full prescribing information, consult package insert. A 
HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per tablet in " 
bottles of 100 and 1000 tablets and in Unimatic* unit-dose packs of 100 tablets. E 









References: 1. Alexander JC, et al: Long-term experience with nadolol in the treatment of | 
hypertension and angina pectoris. Am Heart J October Supplement 108 (4):1136-1140, — — 
1984. 2. Data on file, Squibb Institute for Medical Research. MA 
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SYSTEMIC HYPERTENSION 


913  Systolic Hypertension in the Elderly Program (SHEP): Antihypertensive Efficacy of Chlorthalidone 


STEPHEN B. HULLEY, CURT D. FURBERG, BARRY GURLAND, ROBERT McDONALD, 
MITCHELL PERRY, HAROLD W. SCHNAPER, JAMES A. SCHOENBERGER, W. McFATE SMITH, and 
THOMAS M. VOGT, for the SHEP RESEARCH GROUP 


ee Men and women who had isolated systolic hypertension and were at least 60 years old were treated for 1 year 

| with chlorthalidone (25 to 50 mg/day) or matching placebo as the step | drug. Most patients reached goal blood 
pressure (BP) without requiring a step Il drug. The BP response was similar in all age, sex and race subgroups, 
with an overall difference between the randomized groups of 17 mm Hg for systolic BP (p < 0.001) and 6 mm Hg 
for diastolic BP (p < 0.001). The only common adverse effects were asymptomatic changes in the serum levels 
of potassium (0.5 mEg/liter lower in the chlorthalidone group, p < 0.001), uric acid (0.9 mg/dl higher, p < 0.001) 
and creatinine (0.08 mg/dl higher, p = 0.02). Compliance was good; more than 80 % of the participants were still 
taking study medications at the end of the year. 
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921 Doppler Evaluation of Left Ventricular Diastolic Filling in Children with Systemic Hypertension 


A. REBECCA SNIDER, SAMUEL S. GIDDING, ALBERT P. ROCCHINI, AMNON ROSENTHAL, 
MACDONALD DICK Il, DENNIS C. CROWLEY, and JANE PETERS 


To assess left ventricular (LV) diastolic function in systemic hypertension, 11 children with systemic hypertension 
E and 7 normal children underwent M-mode echocardiography and Doppler ultrasound examination of LV inflow. 
Echocardiographic diastolic relaxation times and filling rates and Doppler diastolic time intervals did not 
distinguish normal subjects from patients with hypertension. Analysis of the mitral valve Doppler recordings of 
the patients with hypertension showed an increased peak velocity during atrial contraction (A wave), an 
increased area under the A wave, a decreased percent of the total area of the mitral valve Doppler waveform in C 
the first one-third of diastole, and an increased percent of the total area of mitral valve Doppler waveform under 1 
the A wave compared with that in normal subjects. These findings suggest a relative shift in LV filling toward a 
the latter part of diastole in children with mild systemic hypertension probably caused by altered diastolic ke 
compliance. 4 


927 Systemic Hypertension After Cardiac Transplantation: Effect of Cyclosporine on the Renin-Angiotensin- 
Aldosterone System 


MARC BELLET, CHRISTIAN CABROL, PAOLO SASSANO, PHILIPPE LEGER, PIERRE CORVOL, and 
JOEL MENARD 


Fifteen hypertensive cardiac transplantation patients (13 of whom were normotensive before transplantation) 


were treated with cyclosporine. No resulting abnormalities were observed in plasma renin, angiotensinogen or 3 
converting enzyme activity, and the level of plasma aldosterone was normal. However, 2 abnormalities 


Continued on page A20 ud E 
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Clinical Clues to MIXED ANGINA 


Most days she can climb the 
Stairs with no difficulty. But 
today she was less than half-way 
up when an angina attack 
stopped her. 


And because vasocon- 
striction is an unpredictable 
event, ischemia and pain occur 
unpredictably: 

at varying levels of exercise 
at rest, or even during sleep 
upon exposure to cold 
under emotional stress 
diurnally, typically in 

the morning 


PROCARDIA 


No. 5 


PROCARDIA® (nifedipine) 
is a primary therapy for 
the patient with MIXED 
ANGINA. It prevents vaso- 
constriction in both large 
coronary arteries and coro- 
nary arterioles to maintain 
myocardial blood flow and 
oxygen supply. At the same 
time, PROCARDIA dilates 
peripheral arteries to 
reduce afterload and 
myocardial oxygen 
demand. 

As a result, PROCARDIA 
can significantly reduce 
your patient's angina 
attack rate and need for 
nitroglycerin! 





( N | FEDI DI N E) Capsules 10 mg 


Primary Protection in 


Please see PROCARDIA® (nifedipine) brief summary on next page 
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Reference: 
1. Stone PH, Muller JE, Turi ZG, et al: Efficacy of 
nifedipine therapy in patients with refractory 


angina pectoris: Significance of the presence of 
SN ail vasospasm. Am Heart J 106:644-652, 


Brief Summary 
PROCARDIA® (nifedipine) Capsules For Oral Use 
INDICATIONS AND USAGE: I. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- 
sospaslic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest accompanied by ST 
segment elevation, 2) angina or coronary artery en provoked by ergonovine, or 3) angiographically demonstrated 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
not been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- 
raphic findings are compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate 
oses of beta blockers. 

li. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management 
of chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomatic 
despile adequate doses of bela blockers and/or organic nitrates or who cannot tolerate those agents 

In chronic stable angina (effort-associated angina) PROCARDIA has been eflective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained effective- 
ness and evaluation of long-term safety in these patients are incomplete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents 

may be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with con- 
fidence the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac 
conduction abnormalities. When introducing such concomitant therapy, care must be taken to monitor blood pressure 
closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS.) 
CONTRAINDICATION : Known oer o reaction to PROCARDIA. 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is modest anc 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pa- 
tients on concomitant beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a beta blocking agent who underwent coronary artery bypass surgery AA dose fentany! anesthesia. 
The interaction with high dose fentanyl appears to be due to the combination of PROCARDIA and a beta blocker, but the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with 
other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentany! 
anesthesia is contemplated, the physician should be aware of these potential hme and, if the patient's condition 
permits, sufficient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to 
surgery. 

- Increased Angina: Occasional patients have developed well-documented increased frequency, duration or severity of 
ips on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established 
but could result from decreased coronary perfusion associated with decreased diastolic pressure with increased heart 
fate, or from increased demand resulting from increased heart rate alone. 

Beta Blocker wal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with 
increased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will 
not prevent this occurrence and might be expected to exacerbate it by provoking reflex catecholamine release. There have 
been occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. It is im- 
ortant to taper beta blockers if possible, rather than stopping them abruptly before «s Ha PROCARDIA 

stive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure after begin- 

ning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event 
NS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 
itoring of blood pressure during the initial administration and titration of PROCARDIA is suggested. Close observation 
Me nes) recommended for patients already taking medications that are known to lower blood pressure. (See 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due 
to left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily 
in the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by conges- 
oo failure, care should be taken to differentiate this peripheral edema from the effects of increasing left ventricular 

ysfunction. 
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' PROCARDIA 
(NIFEDIPINE) ^*^ * 7: 


PRIMARY PROTECTION IN MIXED ANGINA 
Usual Effective Dosage: 30 to 60 mg/day 


For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
response, attack frequency, sublingual nitroglycerin intake and activity level as 
a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
patient is observed closely. 


Because PROCARDIA decreases peripheral vascular resistance (occasional 
patients have had excessive hypotension), careful monitoring of blood 
pressure during initial administration and upward dosage titration is 
suggested, especially for patients taking drugs known to lower blood 

pressure. Occasional patients have developed increased frequency, duration or 
severity of angina on starting PROCARDIA or at the time of dosage increases. 


A Favorable Safety Profile 


Most frequently reported side effects, usually mild, are dizziness or 
lightheadedness, peripheral edema, nausea, weakness, headache and 
flushing, each occurring in about 10% of patients, transient hypotension in 
about 5%, palpitation in about 2% and syncope in about 0.5%. 


Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
phatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA (nifedipine) therapy is uncertain 
in most cases, but probable in some. These laboratory abnormalities have rarely been associated with clinical symp- 
toms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been 
reported 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregation 
anc increase in bleeding time in some PROCARDIA patients. No clinical significance for these findings has been 
demonstrated 

Although PROCARDIA has been used safely in patients with renal dysfunction and has been reported to exer! a ben- 
eficial effect in certain cases, rare, reversible elevations in BUN and serum creatinine have been reported in patients with 
pre-existing chronic renal insufficiency. The relationship to PROCARDIA therapy is uncertain in most cases but probable 
in some 

Drug interactions: Beta-adrenergic blocking agents: (See Indications and Warnings.) Experience in over 1400 pa- 
tients in a non-comparative clinical trial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated, but there have been occasional literature reports suggesting that the combination may 
increase the likelihood of congestive heart failure, severe hypotension or exacerbation of angina 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, bul there have been no controlled 
Studies to evaluate the antianginal effectiveness of this combination 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. 
The average increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coro- 
nary artery disease. In an uncontrolled study of over two hundred patients with congestive heart failure during which 
digoxin blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated reports of 
patients with elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjusting, and 
discontinuing PROCARDIA to avoid possible over- or under-digitalization 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin 
anticoagulants to whom PROCARDIA was administered 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak niledipine plasma levels (80%) 
and area-under-the-curve (74%) afler a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per 
day. Ranitidine produced smaller, non-significant increases. If nifedipine therapy is initiated in a patient currently re- 
ceiving cimetidine, cautious titration is advised. 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose 
approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative 

Ape verge Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, mice 
and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 
ADVERS REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about 5%, 
palpitation in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction in the dose of 
PROCARDIA or concomitant antianginal medication. Additionally, the following have been reported: muscle cramps, 
nervousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea, constipation, gastrointestinal cramps, 
flatulence, inflammation, joint stiffness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balance, 
dermatitis, pruritus, urticaria, tever, sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, pur- 
pura, allergic hepatitis. gingival hyperplasia, and erythromelalgia. Very rarely, introduction of PROCARDIA therapy was 
associated with an increase in anginal pain, possibly due to associated hypotension 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the 
disease in these patients. It remains possible, however, that some or many of these events were drug related. Myocardial 
infarction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 296. Ventricular 
arrhythmias or conduction disturbances each occurred in fewer than 0.5% of patients 
HOW SUPPLIED: Each orange, soft gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. PROCARDIA CAP- 
SULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069-2600-72), and unit dose (10x10) (NDC 
0069-2600-41). The capsules should be protected trom light and moisture and stored at controlled room temperature 
59° to 77°F (15° to 25°C) in the manufacturer's original container 
© 1982, Pfizer Inc 


More detailed professional intormation available on request Revised April 1985 
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The Cardiac Doppler system expands conventional 
echocardiography by providing noninvasive assessment 
of flow velocities through all four heart valves. It is all you 
need to confirm stenotic or regurgitant valvular disease. 


* Color spectral patterns grade the degree of valve 
stenosis and turbulence. 

* Valve cross-sectional areas can be derived from 
pressure gradient half-times. 

* Color spectral patterns grade the degree of 
regurgitation. Valve prolapse is identified through the 
presence and timing of regurgitation. 
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CARDIAC DOPPLER 


* Detects the high velocity jets of flow through 
prosthetic valves. Detects prosthetic valve leakage. 
Monitors valve function over time. 

* Color spectral patterns locate and grade shunts. 

e Displays ECG trace for time reference. Phono trace for 
correlation of heart sounds with Doppler flow velocity 
patterns. 

* Computes cardiac output approximation, stroke 
volume and average flow. 

Call 1-800-334-4531 to place your order, for in-depth 

information or an on-site demonstration. 


Carolina Medical Electronics, Inc. 


P.O. BOX 307, KING, N.C. 27021 USA, TELEPHONE (919) 983-5132 
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accompanied the increase in blood pressure after cyclosporine treatment: a rise in serum creatinine to values 
higher than those recorded before transplantation accompanied by low creatinine clearance and a slight increase 
in plasma volume. Nifedipine induced a larger acute decrease in blood pressure than captopril. 


MISCELLANEOUS TOPICS 


932 Ventricular Performance in Human Hearts Aged 61 to 73 years 
J.V. NIXON, HUGH HALLMARK, KIM PAGE, PETER R. RAVEN, and JERE H. MITCHELL 


To determine the response of the older left ventricle to large variations in preload, studies were carried out in 11 

subjects, aged 61 to 73 years, who had been carefully screened to rule out latent coronary heart disease. Two- 

dimensional echocardiograms were recorded before and at the termination of 5 degrees of head-down tilt 
j for 90 minutes and at the termination of graded lower body negative pressure to —40 mm Hg. The older left 
5 ventricle conformed to the normal ascending Frank-Starling curve, but compared with changes in younger 
subjects, showed an altered response to these variations in preload, suggesting an age-related change in 
diastolic stiffness. 


938 Magnetic Resonance Imaging in Pulmonary Arterial Hypertension 


ALAIN BOUCHARD, CHARLES B. HIGGINS, BENJAMIN F. BYRD Ill, EUGENIO G. AMPARO, 
LUCI OSAKI, and RICHARD AXELROD 4 


Magnetic resonance imaging (MRI) displays the blood pool as very low or no signal intensity so cardiac structures 

E can be visualized without contrast medium. Consequently, MRI was used to examine the right ventricle and 

p. pulmonary arteries (PAs) in 17 patients with PA hypertension documented by cardiac catheterization. The study 
population consisted of 7 patients with primary PA hypertension, 7 patients with Eisenmenger's syndrome and 3 
patients with PA hypertension secondary to lung disease. The MRI studies of patients were compared with those 
from 10 normal volunteers. There was good correlation between end-diastolic right ventricular wall thickness and 
mean PA pressure (r = 0.79). MRI showed enlargement of PAs in all patients with PA hypertension. A magnetic 
resonance signal was present in the PAs throughout the cardiac cycle in patients with severe PA hypertension 
(more than 90 mm Hg) in contrast to the absence of signal during systole in normals. Signal within the PA vessels 

P. in systole is consistent with decreased flow velocity in patients with severe PA hypertension. MRI was useful in 
detecting each of the congenital anatomic defects in patients with Eisenmenger's syndrome. 


.943 Early Cardiac Changes Related to Radiation Therapy x 


MARKKU J. IKAHEIMO, KARI O. NIEMELA, MARKKU M. LINNALUOTO, MATTI J.T. JAKOBSSON, 
JUHA T. TAKKUNEN, and PENTTI J. TASKINEN 


In 21 women without cardiac disease, postoperative radiation therapy for breast cancer was associated with a 
transient decrease in left ventricular function measured by echocardiography and systolic time intervals. These 
changes became normalized within 6 months after therapy. Up to 6 months after therapy, a slight pericardial 
effusion was found in 33% of the patients. 


METHODS 


947 Reproducibility of Left Ventricular Area and Volume Measurements Using a Computer Endocardial Edge- 
Detection Algorithm in Normal Subjects 


DONALD A. CONETTA, EDWARD A. GEISER, LESLIE H. OLIVER, ALAN B. MILLER, and 
C. RICHARD CONTI 


A computer endocardial border-detection algorithm was used to determine left ventricular (LV) short-axis area in 
normal subjects. The LV areas, volumes, and area and volume ejection fraction (EF) were determined from 5 
serial recordings in 10 normal subjects in 2 separate echocardiographic laboratories during a 2-week study 
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Unmatched safety of liquids, in convenient 
effervescent tablet form, convenient strengths 
and pleasant-tasting flavors 


FRUIT-PUNCH 


FIRST LINE OF DEFENSE 


When your patients need 
Potassium Chloride. 


KLYTE/GL 


* effervescent tablets with delicious citrus 
or fruit-punch flavor 


* each tablet in solution provides 25 mEq 
potassium chloride 


KLYTE/GLSO 


e provides 50 mEq potassium chloride 
for onee-a-day convenience 





K-Lyte/Cl Effervescent Tablets Brief Summary 


Caution: Federal Law Prohibits Dispensing 
Without Prescription 
DESCRIPTION: Each K-Lyte/Cl* tablet in 
solution provides the equivalent of 25 mEq 
(1865 mg) potassium chloride supplied by 1.5 
gm potassium chloride, 0.5 gm potassium 
arbonate and 0.91 gm L-lysine monohydro- 
chloride and 0.55 gm citric acid. 
Each K-Lyte/Cl* 50 mEq tablet in 
solution provides the equivalent 
of 50 mEq (3730 mg) potas- 
sium chloride supplied by 
2.24 gm potassium 
chloride, 2.0 gm 
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potassium bicarbonate and 3.65 gm L-lysine 
monohydrochloride and 1.0 gm citric acid. 
INDICATIONS AND USAGE: Therapy or 
prophylaxis of potassium deficiency. 
PONTRAINDIC 'ATIONS: Contraindicated in 
patients with hyperkalemia. Hyperkalemia may 
complicate chronic renal impairment, metabolic 
acidosis, acute dehydration, and extensive 
tissue breakdown. Concomitant administration 
of potassium salts and potassium-sparing 
diuretic can produce severe hyperkalemia. 
WARNINGS: In patients with impaired 
potassium excreting mechanisms, the adminis- 
tration of potassium salts can produce hyper- 
kalemia and cardiac arrest. This occurs most 
commonly in patients given potassium intraven- 
ously but may also occur in patients given 
potassium orally. Potentially fatal hyperkalemia 
can develop rapidly and may be asymptomatic. 
Use in patients with chronic renal disease, or 
any other condition which impairs potassium 
excretion, requires careful monitoring of the 
serum potassium concentration and appropriate 
dosage adjustment. 

PRECAUTIONS: The diagnosis of potassium 
depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history 


suggesting some cause for potassium depletion. 
Acute alkalosis per se can produce hypokalemia 
in the absence of a deficit in total body potas- 
sium, while acute acidosis per se can increase 
the serum potassium concentration into the 
normal range even in the presence of reduced 
total body potassium. Therefore, the treatment 
of potassium depletion requires careful atten- 
tion to: acid-base balance and appropriate 
monitoring of serum electrolytes, the ECG, and 
the clinical status of the patient. 

Information for Patients: Patients should be 
carefully directed to completely dissolve each 
tablet. 

Drug Interactions: Simultaneous administra- 
tion of potassium supplements and a potassium- 
sparing diuretic as well as concomitant use of 
potassium supplements and salt substitutes can 
result in hyperkalemia (see Contraindications). 
Usage in Pregnancy - Pregnancy Category C: 
It is not known whether K-Lyte products can 
cause fetal harm when administered to a 


pregnant woman or can affect reproduction NN 
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serious adverse reactions in nursin 
from oral potassium supplements 
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mother. Nursing or the drug should be discon- 
tinued based on the importance of the drug for 
the mother. 

Usage in Children: Safety and effectivenessin 
children have not been established. 
ADVERSE REACTIONS: The most common 
adverse reactions to oral potassium supple- 
ments are nausea, vomiting, diarrhea and 
abdominal discomfort. These side effects occu 
more frequently when the medication is not 
taken with food or is not diluted properly or 
dissolved completely. 

Hyperkalemia occurs only rarely in patients 
with normal renal function receiving potassium 
supplements orally. 
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Cardiescans image is the eest. 








$25,000 Cardioscan’s affordable image 
looks like this. 





$90,000 At more than three times the cost 
of Cardioscan, their image looks 
the same. 


Until now, sophisticated, high-reso- 
lution echocardiography came with 
a high price tag. To get images like 
the one at the top you had to pay 
the cost at the bottom. Interspec 
has changed all that. We developed 
Cardioscan™—the easy-to-use 
echocardiography system that 
makes high-quality ultrasound 
imaging not only possible, but 
affordable. 


Unlike other low-cost systems, 
Cardioscan doesn’t sacrifice per- 
formance for price. You get all 
the advantages of larger, hospital- 
scale units—plus, some features 
often not available even on more 
expensive systems. 


And, Cardioscan has been designed 
with the future in mind. You do not 
have to be concerned about your 
system becoming obsolete as echo- 
cardiographie technology advances 
or your clinical needs change. Your 
system will be fully upgradeable 

to keep pace with the demands of 
your practice. 


The best technology packaged 
in a lightweight, compact design 
There is only one way to under- 
stand the quality Cardioscan de- 
livers. And that is to compare it 
with other units. Even when judged 
against systems costing three 
times as much, Cardiosean more 
than measures up. 


More reasons to decide on 

Cardioscan 

= Superior image quality and reso- 
lution in both 2-D and M-mode. 


= Logically grouped, easy-to-learn 
controls let you concentrate on 
the patient, not the instrument. 


m On-line or off-line calculations 
capability means calculations 
and annotations can be per- 
formed during patient examina- 
tions, or later in video playback. 


= Triple image memory means you 
can store up to three images and 
select the preferred one for cal- 
culations and/or hard copy. 


# ECG with dual trigger enables 
automatic viewing of end-sys- 
tolic and end-diastolic images 
from the same cardiac cycle. 


m Small, lightweight transducer 
available in a variety of fre- 
quencies and focal zones helps 
make Cardioscan adaptable to a 
wide range of applications. 


The Cardioscan Doppler 

In keeping with Interspec’s com- 
mitment to cardiology, Cardioscan 
has been designed to accept major 
upgrades. One of the first of these 
is the Cardioscan Doppler, which 
adds noninvasive hemodynamics to 
your diagnostic capabilities. With 
pulsed, high PRF, continuous wave 
and comprehensive calculations, 
this Doppler is truly state-of-the-art. 


Reliable service 

Because Cardioscan is made in the 
U.S., availability of parts is never 
a problem. A complete service policy 
includes rapid response to calls 
and a loaner program to assure 
maximum up-time. Compare our image. Compare our price. 


Compare our features. 
Then contact Interspec today. 
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(215) 834-1511 
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period. The area and volume data were statistically analyzed to provide individual and group 95% confidence 
limits for determining the percent difference between serial, end-systolic and end-diastolic areas and volumes, 
area and volume EF. The limits for end-diastolic volume (+ 16.7 96) were similar to, while those for end-systolic 
volume (+17 96) and volume EF (+9.7) were narrower than, those previously recorded. This computer analysis of 
echocardiographic LV indexes may provide a more sensitive method for detecting change of serially recorded 
echoes in patients. 


953  Nd-YAG Laser Fusion of Human Atheromatous Plaque-Arterial Wall Separations in Vitro 


JOHN F. HIEHLE Jr., DONNA B.C. BOURGELAIS, STANLEY SHAPSHAY, FREDERICK J. SCHOEN, 
DUCKSOO KIM, and J. RICHARD SPEARS 


The efficacy of a new technique, laser balloon angioplasty, for treatment of arterial dissections was tested in 
human postmortem atherosclerotic arteries. Separated layers of plaque and underlying arterial wall were 
juxtaposed and 17 W of neodymium-yttrium aluminum garnet laser radiation were directed perpendicularly to the 
luminal surface for 5 to 32 seconds over a nominal spot size of approximately 4 mm?. Depending on lasing 
duration, satisfactory tissue welds (supporting loads up to 25 g) could be achieved when external pressure was 
applied to the tissues during lasing and when blood was present within the dissected plane. This technique was 
also successfully applied during postmortem balloon angioplasty with a prototype balloon within which a laser- 
transmitting optical fiber terminated in a diffusing tip for lateral dispersion of laser energy. The improved luminal 
geometry afforded by application of this catheterization technique may be useful for treatment of spontaneous 
and balloon angioplasty—induced arterial dissections. 


CARDIOVASCULAR PHARMACOLOGY 


958 Circulatory Effects of Coffee in Relation to the Pharmacokinetics of Caffeine 


PAUL SMITS, THEO THIEN, and ALBERT van’t LAAR 


In 8 normotensive subjects, circulatory parameters were studied after intervention with coffee in 2 strengths, 
decaffeinated coffee and hot water after a caffeine abstinence of 4.5 times the individual caffeine half-life. 
Drinking regular and strong coffee resulted in a similar increase in systolic and especially in diastolic blood 
pressure (+15%), whereas increases in forearm blood flow and plasma epinephrine were less pronounced. 
After ingestion of decaffeinated coffee, a small increase in diastolic blood pressure was seen, and after drinking 
water no changes were observed. In another group of 30 normotensive subjects, a negative correlation was 
ascertained between the coffee-induced increase in blood pressure and basal plasma caffeine level (r = —0.71, 
p <0.001). It is concluded that with chronic caffeine intake during daily life, subjects in whom the plasma caffeine 
half-life is short are exposed to a pressor response after drinking coffee despite the phenomenon of adaptation as 
described in published reports. 


EXPERIMENTAL STUDIES 


964  Beta-Adrenergic Stimulation Reverses Postischemic Myocardial Dysfunction Without Producing Subsequent 


! 
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Functional Deterioration 


ROBERTO BOLLI, WEI-XI ZHU, MARY LEE MYERS, CRAIG J. HARTLEY, and ROBERT ROBERTS 


The prolonged myocardial dysfunction observed after reversible ischemia (stunned myocardium) has been 
attributed to inability of myocytes to replenish ATP stores. Accordingly, inotropic stimulation should produce little 
or no increase in function. To test this hypothesis, systolic wall thickening, an index of regional myocardial 
function, was measured ultrasonically in open-chest dogs undergoing 15 minutes of occlusion of the left anterior 
descending coronary artery (LAD) followed by 4 hours of reperfusion. Three hours after reperfusion, function in 
the LAD-dependent territory was still severely depressed (12.3 + 16.196 of baseline). Isoproterenol (0.1 
mg/kg/min intravenously) increased function to values similar to baseline. Discontinuation of isoproterenol was 
associated with return of function to pre-isoproterenol levels. Thus, stunned myocardium responds dramatically 
to 8-adrenergic stimulation without subsequent adverse effects on function in the short term. The data indicate 
that stunned myocardium is inherently capable of generating ATP and do not support the view that an inability to 
replenish ATP stores causes postischemic dysfunction. 


Continued on page A33 
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Low incidence of side effects 
CARDIZEM® (diltiazem HCl) 
produces an incidence of adverse 
reactions not greater than that 
reported with placebo therapy, 
thus contributing to the patient’s 
sense of well-being. 

*Cardizem is indicated in the treatment of angina pectoris due to 
angina (classic effort-associsted angina) in patients who cannot 


tolerate therapy with beta-blockers and/or nitrates or who remain 
symptomatic despite adequate doses of these agents. 


pos Referen ces: 
. .. 1. Strauss WE, McIntyre KM, Parisi AF et al: Safety and efficacy 


of diltiazem hydrochloride for the treatment of stable angina 
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Reduces angina attack frequency* 


42% to 46% decrease reported in 
multicenter study: 


Increases exercise tolerance* 
In Bruce exercise test? control 
patients averaged 8.0 minutes to 
onset of pain; Cardizem patients 
averaged 9.8 minutes (?<.005). 


CARDIZEM 


(diltiazem HCl) 


THE BALANCED 
CALCIUM CHANNEL BLOCKER 


Please see full prescribing information on following page. 
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PROFESSIONAL USE INFORMATION 
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30 mg and 60 mg tablets 


DESCRIPTION 

CARDIZEM” (diltiazem hydrochloride) is a calcium ion influx 
inhibitor (slow channel blocker or calcium antagonist). Chemically, 
diltiazem hydrochloride is 1,5-Benzothiazepin-4(bH)one,3-(acetyloxy) 
-5-[2-(dimethylamino)ethyl ]-2,3-dihydro-2 -(4-methoxyphenyl)-, 
monohydrochloride,(+) -cis-. The chemical structure is: 
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Diltiazem hydrochloride is a white to off-white crystalline powder 
with a bitter taste. It is soluble in water, methanol, and chloroform. 
It has a molecular weight of 450.98. Each tablet of CARDIZEM 
contains either 30 mg or 60 mg diltiazem hydrochloride for oral 
administration. 


CLINICAL PHARMACOLOGY 

The therapeutic benefits achieved with CARDIZEM are believed 
to be related to its ability to inhibit the influx of calcium ions 
~ membrane depolarization of cardiac and vascular smooth 
muscle. 

Mechanisms of Action. Although precise mechanisms of its 
antianginal actions are still being delineated, CARDIZEM is believed 
to act in the following ways: 

1. Angina Due to Coronary Artery Spasm: CARDIZEM has been 
shown to be a potent dilator of coronary arteries both epicardial 
and subendocardial. Spontaneous and ergonovine-induced cor- 
Onary artery spasm are inhibited by CARDIZEM. 

. Exertional Angina: CARDIZEM has been shown to produce 
increases in exercise tolerance, probably due to its ability to 
reduce myocardial oxygen demand. This is accomplished via 
reductions in heart rate and systemic blood pressure at submaximal 
and maximal exercise work loads. 

In animal models, diltiazem interferes with the slow inward 
(depolarizing) current in excitable tissue. It causes excitation-contraction 
uncoupling in various myocardial tissues without changes in the 
configuration of the action potential. Diltiazem produces relaxation 
of coronary vascular smooth muscle and dilation of both large and 
small coronary arteries at drug levels which cause little or no 
negative inotropic effect. The resultant increases in coronary blood 
flow (epicardial and subendocardial) occur in ischemic and nonischemic 
models and are accompanied by dose-dependent decreases in sys- 
temic blood pressure and decreases in peripheral resistance. 

Hemodynamic and Electrophysiologic Effects. Like other 
Calcium antagonists, diltiazem decreases sinoatrial and atrioventricu- 
lar conduction in isolated tissues and has a negative inotropic effect 
in isolated preparations. In the intact animal, prolongation of the AH 
interval can be seen at higher doses. 

In man, diltiazem prevents spontaneous and ergonovine-provoked 
coronary artery spasm. It causes a decrease in peripheral vascular 
resistance and a modest fall in blood pressure and, in exercise 
tolerance studies in patients with ischemic heart disease, reduces 
the heart rate-blood pressure product for any given work load. 
Studies to date, primarily in patients with good ventricular function, 
have not revealed evidence of a negative inotropic effect; cardiac 
Output, ejection fraction, and left ventricular end diastolic pressure 
have not been affected. There are as yet few data on the interaction 
of diltiazem and beta-blockers. Resting heart rate is usually unchanged 
or slightly reduced by diltiazem. 

Intravenous diltiazem in doses of 20 mg prolongs AH conduction 
time and AV node functional and effective refractory periods approxi- 
mately 20%. In a study involving single oral doses of 300 mg of 
CARDIZEM in six normal volunteers, the average maximum PR 
prolongation was 14% with no instances of greater than first-degree 
AV block. Diltiazem-associated prolongation of the AH interval is not 
more pronounced in patients with first-degree heart block. In patients 
with sick sinus syndrome, diltiazem significantly prolongs sinus 
cycle length (up to 50% in some cases). 

Chronic oral administration of CARDIZEM in doses of up to 240 
mg/day has resulted in small increases in PR interval, but has not 
usually produced abnormal prolongation. There were, however, three 
instances of second-degree AV block and one instance of third- 
a AV block in a group of 959 — treated patients. 

harmacokinetics and Metabolism. Diltiazem is absorbed 
from the tablet formulation to about 8096 of a reference capsule and 
is subject to an extensive first-pass effect, giving an absolute 
bioavailability (compared to intravenous dosing) of about 4096. CARDIZEM 
undergoes extensive hepatic metabolism in which 296 to 496 of the 
unchanged drug appears in the urine. In vitro binding studies show 

CARDIZEM is 70% to 80% bound to plasma vum Competitive 

ligand binding studies have also shown CARDIZEM binding is not 

altered by therapeutic concentrations of digoxin, hydrochlorothiazide, 
phenylbutazone, propranolol, salicylic acid, or warfarin. Single oral 
doses of 30 to 120 mg of CARDIZEM result in detectable plasma 
levels within 30 to 60 minutes and peak plasma levels two to three 
hours after drug administration. The plasma elimination half-life 

following single or multiple drug administration is approximately 3.5 

hours. Desacety! diltiazem is also present in the plasma at levels of 

1096 to 2096 of the parent drug and is 2596 to 5096 as potent a 

coronary vasodilator as diltiazem. Therapeutic blood levels of 

CARDIZEM appear to be in the range of 50 to 200 ng/ml. There is a 

departure from dose-linearity when single doses above 60 mg are 

given; a 120-mg dose gave blood levels three times that of the 60-mg 
dose. There is no information about the effect of renal or hepatic 
impairment on excretion or metabolism of diltiazem. 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM 


n 


is indicated in the treatment of angina pectoris due to coronary 
artery spasm. CARDIZEM has been shown effective in the 
treatment of spontaneous cor artery spasm presenting as 
Prinzmetal's variant angina (resting angina with ST-segment 
elevation occurring during attacks). 

2. Chronic Stable Angina (Classic Effort-Associated Angina). 
CARDIZEM is indicated in the management of chronic stable 
angina. CARDIZEM has been effective in controlled trials in 
reducing angina frequency and increasing exercise tolerance. 

There are no controlled studies of the effectiveness of the concomi- 

tant use of diltiazem and beta-blockers or of the safety of this 
combination in patients with impaired ventricular function or conauc- 
tion abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pacemaker, 
(2) patients with second- or third-degree AV block except in the 
presence of a functioning ventricular pacemaker, and (3) patients 
with hypotension (less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node recov- 
ery time, except in patients with sick sinus syndrome. This 
effect may rarely resuit in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1243 patients for 0.489€). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's 
angina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue ations, i 
studies in humans with normal ventricular function have not 
shown a reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution should 
be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. In rare instances, patients receiving 
CARDIZEM have exhibited reversible acute hepatic injury as 
evidenced by moderate to extreme elevations of liver enzymes. 
(See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metab- 
olized by the liver and excreted by the kidneys and in bile. As with any 
new drug given over prolonged periods, laboratory parameters should 
be monitored at regular intervals. The drug should be used with 
caution in patients with impaired rena! or hepatic function. In sub- 
acute and chronic dog and rat studies designed to produce toxicity, 
high doses of diltiazem were associated with hepatic damage. In 
special subacute hepatic studies, oral doses of 125 mg/kg and 
higher in rats were associated with histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that there 
may be additive effects in prolonging AV conduction when using 
beta-blockers or digitalis concomitantly with CARDIZEM. (See 
WARNINGS. 

Controlled and uncontrolled domestic studies suggest that con- 
comitant use of CARDIZEM and beta-blockers or digitalis is usually 
well tolerated. Available data are not sufficient, however, to predict 
the effects of concomitant treatment, particularly in patients with left 
ventricular dysfunction or cardiac conduction abnormalities. In healthy 
volunteers, diltiazem has been shown to increase serum digoxin 
levels up to 2096. 

Carcinogenesis, Mutagenesis, impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to cause 
skeletal abnormalities. In the perinatal/postnatal studies, there was 
some reduction in early individual pup weights and survival rates. 
There was an increased incidence of stillbirths at doses of 20 times 
the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk, 
exercise caution when CARDIZEM is administered tc a nursing 
woman if the drug's benefits are thought to outweigh its potential 
risks in this situation. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventricu- 
lar xm and cardiac conduction abnormalities have usually been 
excluded. 

In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placebo therapy. 

The following represent occurrences cbserved in clinical studies 
which can be at least reasonably associated with the pharmacology 
of calcium influx inhibition. In many cases, the relationsh'^ to 
CARDIZEM has not been established. The most common occurrences, 
as well as their frequency of presentation, are: edema (2.4%), 


headache (2.1%), nausea (1.9%), dizziness (1.5%), rash (1.396), 
asthenia (1.296), AV block (1.196). In addition, the following events 
were reported infrequently (less than 196) with the order of presenta- 
tion corresponding to the relative frequency of occurrence. 


Cardiovascular: Flushing, arrhythmia, hypotension, bradycar- 
dia, palpitations, congestive heart failure, 
syncope. - i 

Paresthesia, nervousness, somnolence, 
tremor, insomnia, hallucinations, and amnesia. 


Nervous System: 


Gastrointestinal: Constipation, dyspepsia, diarrhea, : 
mild elevations of alkaline phosphatase, SGOT, 
SGPT, and LDH. 

Dermatologic: Pruritus, petechiae, urticaria, photosensitivity. 

Other: Polyuria, nocturia. 


The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes of 
vasospastic angina developed periods of transient asymptomatic 
asystole oo five hours after receiving a single 60-mg 
dose of CARDIZEM. 

The following — events have been reported infre- 
quently in patients receiving CARDIZEM: erythema multiforme; leu- 
kopenia; and extreme elevations of alkaline phosphatase, SGOT, 
SGPT, LDH, and CPK. However, a definitive cause and effect between 
these events and CARDIZEM therapy is yet to be established. 


OVERDOSAGE OR EXAGGERATED RESPONSE 
Overdosage experience with oral diltiazem has been limited. 
Single oral doses of 300 mg of CARDIZEM have been well tolerated 
by healthy volunteers. In the event of — or exaggerated 
— appropriate y eus measures should be employed in 
i 


on to gastric lavage. The following measures may be considered: 
Bradycardia Administer atropine (0.60 to 1.0 mg). If there 
is no response to vagal blockade, administer 

isoproterenol cautiously. 
High-Degree AV Treat as for bradycardia above. Fixed high- 
Block degree AV block should be treated with car- 


diac pacing. 

Administer inotropic agents (isoproterenol, 
dopamine, or dobutamine) and diuretics. 
Vasopressors (eg, dopamine or levarterenol 
bitartrate). 


Actual treatment and dosage should depend on the severity of the 
d situation and the judgment and experience of the treating 

sician. 

The oral/LD.,'s in mice and rats range from 415 to 740 mg/kg 
and from 560 to 810 mg/kg, respectively. The intravenous LD., s in 
these species were 60 and 38 mg/kg, respectively. The oral LU, in 
dogs is considered to be in excess of 50 mg/kg, while lethality was 
seen in monkeys at 360 mg/kg. The toxic dose in man is not known, 
but blood levels in excess of ng/ml have not been associated 
with toxicity. 


DOSAGE AND ADMINISTRATION 
Exertional Angina Pectoris Due to Atherosclerotic Coro- 
nary Artery Disease or Angina Pectoris at Rest Due to Coro- 
nary Artery Spasm. Dosage must be adjusted to each patient's 
needs. Starting with 30 mg four times daily, before meals and at 
bedtime, dosage should be increased gradually (given in divided 
doses three or four times daily) at one- to two-day intervals until 
optimum response is obtained. Although individual patients may 
respond to any dosage level, the average optimum dosage range 
appears to be 180 to 240 mg/day There are no available data concern- 
ing coeg requirements in patients with impaired renal or hepatic 
function. If the drug must be used in such patients, titration should be 
carried out with particular caution. 
Concomitant Use With Other Antianginal Agents: 
1. Sublingual NTG may be taken as required to abort acute 
anginal attacks during CARDIZEM po 
2. Prophylactic Nitrate — CARDIZEM may be safely 
coadministered with short- ong-acting nitrates, but there 


Cardiac Failure 


Hypotension 


have been no controlled studies to evaluate the antianginal ` 


effectiveness of this combination. 
3. Beta-blockers. (See WARNINGS and PRECAUTIONS.) 


HOW SUPPLIED 
Cardizem 30-mg tablets are supplied in bottles of 100 (NDC 
0088-1771-47) and in Unit Dose Identification Paks of 100 (NDC 
0088-1771-49). Each green tablet is engraved with MARION on one 
side and 1771 engraved on the other. CARDIZEM 60-mg scored 
tablets are supplied in bottles of 100 (NDC 0088-1772-47) and in Unit 
Dose Identification Paks of 100 (NDC 0088-1772-49). Each yellow 
tablet is engraved with MARION on one side and 1772 on the other. 
Issued 4/1/84 
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An important new book on 


today’s most virulent epidemic 





From the Publishers of The American Journal of Medicine, 
The American Journal of Surgery, and Cutis 


Acquire Immune 
Deficiency Syndrome (AIDS) 
and Infections of Homosexual Men 


edited by Pearl Ma, PhD, and Donald Armstrong, MD with a 
foreword by David J. Sencer, MD, Commissioner of Health, New 
York City; formerly Director, Centers for Disease Control, Public 
Health Service, U.S. Department of Health and Human Services 
0-914316-38-9, 442 pages, illus., 1984, $39.50 





The first scientific presentation to review all the 
facts in full 


AIDS has become one of the most publicized diseases in modern times. It has produced fear and 
confusion in the general public and presented a formidable challenge to the medical community. 
Physicians and scientists have begun work on managing this epidemic, disease control centers con- 
‘tinue to search for answers, and the federal government has declared AIDS the number one 
health priority of the nation. Understanding this disease demands cooperation between many dif- 
ferent medical specialties, and papers on this subject have been published in many diverse journals 
not regularly read by individual specialists. Now, for the first time, two highly distinguished medical 
experts, Drs. Pear! Ma and Donald Armstrong, have coordinated in one easily accessible volume 
the complete range of interdisciplinary approaches to this complex disease, with contributions by 
the most eminent researchers and physicians in disease control and hospital teaching centers 


throughout the country. Comprehensive coverage is given to the entire spectrum of sexually trans- 


mitted diseases, and an additional section on diagnostic perspectives offers never before published 
material on why this syndrome occurs primarily among homosexual men. For any physician or 
other health care professional interested in the prevention and cure of this modern epidemic, this 
book is an indispensable guide to recognizing and treating AIDS and other sexually transmitted 
diseases. : 


Table of Contents 


* PART I SEXUALLY TRANSMITTED DISEASES — NONDIARRHEAL * PART 2 SEXUALLY 
TRANSMITTED DISEASES — DIARRHEAL * PART 3 OTHER SEXUALLY TRANSMITTED 
DISEASES * PART 4 INFECTIOUS AND NEOPLASTIC COMPLICATIONS OF AIDS * PART 5 
IMMUNOLOGICAL EVALUATION METHODS AND CONTROLS * PART 6 DIAGNOSTIC 
PERSPECTIVE 
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CARDIOLOGIST 


FHP, a rapidly expand- 
ing, multi-specialty 
group practice in 
Southern California, is 
seeking a Board Certi- 
fied or Board Eligible 
CARDIOLOGIST. The 
ideal candidate will 
possess invasive skills, 
or have very strong 
non-invasive skills. 


FHP offers a very 
attractive salary and 
benefits program, and 
opportunities exist 
for academic appoint- 
ment in excellent 
nearby universities. 
For more information 
call Gary Gumbert toll- 
free at 1-800-446-2255 
(in California call 
1-800-336-2255), or 
send resume to: 


Professional Staffing 


9900 Talbert Avenue 
P.O. Box 8000 
Fountain Valley, CA 
92708-8000 
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Proceedings of the Second International Symposium 
Rome, Italv, May 17-19, 1982 


cn T TWOONEESI 
h B 










The most up-to-date presen- 
tation of the latest data on 
the entire range of clinical, 
bioengineering, pathologv, 
and long-range follow-up 

| issues on cardiac tissue 
valves. 


edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci, MD 
ISBN 0-914316-34-6, 609pp., illus., 1982, $69.00 


An international program committee 
organized this symposium on a strict- 
ly competitive abstract basis. It was 
held less than six months ago. One- 
hundred-eighty abstracts were sub- 
mitted and 45 in 8 categories were ac- 
cepted. Virtually every major cardio- 
vascular center in the world that has 
any meaningful experience with car- 
diac bioprosthetic valves was repre- 
sented. Nowhere will you find be- 
tween two covers as much current 
information on the field of cardiac 
valves. 


Almost 20 years have gone by since 
the first reports of homograft valve 
replacement by Drs. Donald Ross and 
Brian Barratt-Boyes and almost 10 
years since the first reports began to 
appear about commercially available, 
quality-controlled porcine biopros- 
thetic and bovine pericardial valves. 
This book brings you completely up- 
to-date on what has happened since 
and what is happening today. 


If your interests include the clinical, 
pathological and bioengineering as- 
pects of cardiac bioprostheses then 
this book is a must buy! It should 
not be missing from your own 
professional library. 
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l foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged toa credit card. Please i 
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add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 


AER C die os ddr euh aisle miti mul lini anis iiu idm udi cud lion aa dees lon a Web A DAAN AA 


Who are the editors? 


Lawrence H. Cohn, MD, is Pro- 
fessor of Surgery, Harvard Medical 
School, and Cardiothoracic Surgeon, 
Brigham and Womens' Hospital. He is 
the author of Modern Techniques 
in Surgery and co-author of the new 
annual, Cardiologv, now available in 
its second issue, Cardiology 1982. 


Vincenzo Gallucci, MD, is Professor 
of Cardiovascular Surgery, Depart- 
ments of Cardiovascular Surgery and 
Cardiology, University of Padova 
Medical School, Padova, Italy. 
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Section 6 EXPLANT PATHOLOGY 
Section 7 BIOPROSTHETIC 
BIOENGINEERING 
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Head 
Division of 
Cardiology 


Applications are invited 
for the position of Head, 
Division of Cardiology, 
Department of Medicine 
at The University of 
Calgary. The person sel- 
ected will also be Chief, 
Division of Cardiology 
at Foothills Hospital, 
Southern Alberta's ma- 
jor referral and teaching 
hospital. Interested ap- 
plicants should be qual- 
ified in medicine and 
hold the Fellowship of 
the Royal College of 





Physicians and Surgeons 


of Canada or an equiva- 
lent recognized certifi- 
cation. In addition to 
clinical qualifications, 
applicants should have 
administrative exper- 
ience and will be ex- 
pected to develop an 
independent research 
program. The rank and 
salary level will be in 
the full Professor range; 
however, an Associate 
Professor could be 
considered. 


All qualified individuals 
are encouraged to apply, 
but preference will be 
given to Canadian cit- 
izens and permanent 
residents. Deadline for 
receipt of applications 
is December 31, 1985. 


Please send curriculum 
vitae and the names of 
three referees to: 


Dr. D.A.K. Roncari 
Chairman, 

Search Committee 
Faculty of Medicine 

The University of Calgary 
3330 Hospital Drive N.W. 
Calgary, Alberta T2N 4N1 
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HE FIRST 
RIAZOLO - 
BENZODIAZEPINE 


ts triazolo ring gives 
ANAX a structure 
niquely different 
rom other benzo- 
Hiazepines. 


HE FIRST OF AUNIQUE CLASS 


| Upjohn | 


© 1985 The Upjohn Company 





FOR CLINICAL ANXIETY — 





EFFICACY EQUAL TO 

DIAZEPAM WITH | 

LESS DROWSINESS PHYSICIANS’ EVALUATION OF THERAPEUTIC EFFECT 
mmm XANAX 

In double-blind, placebo-controlled ee DIAZEPAM 


PLACEBO 


clinical trials in 976 patients with 
moderate to severe clinical anxiety, 
therapy with XANAX was compared 
to diazepam* 

Patients treated with XANAX had a 
significantly lower incidence of drowsiness 
when compared directly to diazepam 
therapy in a 976-patient, placebo- 
controlled, multicenter study* 


AND CLINICAL ANXIETY 
WITH DEPRESSIVE SYMPTOMS 


% Marked/Moderate Improvement 
— N w > v 
58 8 5 Ss Bs 
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EFFECTIVE IN CLINICAL 

ANXIETY WITH DEPRESSIVE 

SYMPTOMS 3; IMPROVEMENT IN HAMILTON ANXIETY 
d DEPRESSED MOOD SCORE 

Patients with clinical anxiety may 

complain of having feelings of mum XANAX (362 patients) 

depression, such as sadness, blue- VB rate cdd patients) 


ness, or loneliness. XANAX: 24 
Depressed mood is one of 14 PLACEBO: 2.4 
items on the Hamilton Anxiety 
Rating Scale. Special analysis of 692 
anxious patients with a significant 
depressed mood item score showed 
that treatment with XANAX was 
significantly better than placebo in 
decreasing depressed mood score. 


Percentage 





The usual starting dose of 
XANAX is 0.25 to 0.5 mg, three 
times daily. 


Please see next page for brief summary of 


Xanax: 
Tablets 


alprazolam e 


SIMPLE DOSAGE: 
XANAX 0.25—0.5 mg T.I.D. 
















'alue E ous patients. Caution iren CE AE A 
g c omplete mental alertness and about the simultaneous ingestion of 

UA nd ae CNS depressant drugs. 

epines can cause fetal harm i in pregnant women. Warn patients of 






sin ce withdrawal seizures have been reported upon tes withdrawal. If 
X 'is combined with other psychotropics or anticonvulsant drugs, consider 
otentiation. (See Drug Interaction section.) Exercise the usual precautions 
ding size of the prescription for depressed or suicidal patients. In elderly 
lebilitated patients. use the lowest possible dosage.(See Dosage and 
alo stration.) Observe the usual precautions in treating patients with impaired 
enal or hepatic function. 
Inf orm lon for Patients: Alert patients about: (a) consumption of alcohol and 
drugs. (b) possible fetal abnormalities, (c) operating machinery or driving (d) not 
sing dose of the drug due to risk of dependence. (e) not stopping the drug 
ot ly. Laboratory Tests: Not ordinarily required in otherwise healthy patients. 
nteractions: Additive CNS depressant effects with other psychotropics, anti- 
ilsants, antihistamines, ethanol and other CNS depressants. Pharma- 
etic interactions with benzodiazepines have been reported. Drug/Laboratory 
actions: No consistent pattern for a specific drug or specific test. Carcinogenesis, 
esis, Impairment of Fertility: No carcinogenic potential or impairment of 
| in rats. Pregnancy: See Warnings. Nonteratogenic Effects: The child born of a 
er on benzodiazepines may be at some risk for withdrawal symptoms and 
atal flaccidity. Labor and Delivery: No established use. Nursing Mothers: 
^ odiazepines are excreted in human milk. Women on XANAX should not 
nurs 2 eei Use: Safety and effectiveness in children below the age of 18 have 
n established. 


ERSE REACTIONS 
efi fe is are generally observed at the beginning of therapy and usually dis- 
a ai continued medication. In the usual patient, the most frequent side 


































'OWS iness or lightheadedness. 

. Centr | nervous system: Drowsiness. lightheadedness, depression, headache. 

[ onfu usion, insomnia, nervousness, syncope, dizziness, akathisia, and tiredness/ 
sleepin | ess. 


ed salivation. 

ovascular. Tachycardia/palpitations, and hypotension. 

sory: Blurred vision. 
culoskeletal: Rigidity and tremor. 

taneous: Dermatitis/allergy. 

nth eto» € effects: Nasal congestion. weight gain, and weight loss. 

.. In addition. the following adverse events have been reported with the use of 
anxiolyt ic benzodiazepines: dystonia, irritability, concentration difficulties. 

a, loss of coordination. fatigue. sedation. slurred speech. jaundice. 

eletal weakness, pruritus. diplopia, dysarthria, changes in libido, 

ual irregularities, incontinence and urinary retention. 

oxical reactions such as stimulation, agitation, increased muscle spasticity. 
1rbances, and hallucinations may occur. Should these occur discontinue 

















ng prolonged treatment. periodic blood counts. urinalysis, and blood 
listry Ty analysis are advisable. Minor EEG changes, of unknown significance. 
veen observed. 
ABUSE AND DEPENDENCE 
l and Psychological Dependence: Withdrawal symptoms have occurred follow- 
pt discontinuance of benzodiazepines. Withdrawal seizures have oc- 
upon rapid decrease or abrupt discontinuation of therapy In all patients. 
should be gradually tapered under close supervision. Patients with a 
history of seizures or epilepsy should not be abruptly withdrawn from XANAX. 
Addi: tion-prone individuals should be under careful surveillance. Controlled 
Substance Class: XANAX is a controlled substance and has been assigned to 
scr ed dule IV. 
D OSA GE AND ADMINISTRATION 

he usual starting dose is 0.25 to 0.5 mg. ti.d. Maximum total daily dose is 
ph .In the elderly or debilitated, the usual starting dose is 0.25 mg, two or three 
ti jmes daily Reduce dosage gradually when terminating therapy. by no more 
‘than one ‘milligram every three days. 
Ul ION FEDERAL LAW PROHIBITS DISPENSING WITHOUT 

‘ MON. B-3-S 
JB Muticener double-blind efficacy and safety study comparing 
ATSE 198 and placebo in clinically anxious patients. ] Clin Psychiatry 

198] 
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969 Myocardial Kinetics of Thallium-201 After Stress in Normal and Perfusion-Reduced Canine Myocardium 
ROBERT D. OKADA 


Eleven mongrel dogs with experimental left anterior descending coronary stenoses were given thallium during 
norepinephrine infusion to simulate exercise. The infusion was then discontinued and thallium activity monitored 
regionally using miniature radiation detectors for 3 hours. The mean fractional myocardial thallium clearance was 
lower (0.47 + 0.03 [+ standard error of the mean]) for the stenosis zone compared to the no-stenosis zone (0.57 
+ 0.03) (p <0.0001). The stress blood flow ratio (stenosis/no-stenosis zone = 0.27 + 0.06) was significantly 
lower than the final thallium activity ratio (0.68 + 0.07) (p < 0.001), consistent with thallium redistribution 
occurring over the 3-hour period. In conclusion, myocardial thallium kinetics has been described in an exercise- 
simulated dog model. The fractional clearance of thallium can differentiate myocardium distal to a coronary 
vessel stenosis from that supplied by a normal coronary vessel. 


974 Relation of Myocardial Salvage to Size of Myocardium at Risk in Dogs 


ANDREW ZALEWSKI, SHELDON GOLDBERG, DUARTE B. FARIA, RICHARD KROL, and 
PETER R. MAROKO 


The relation between the size of myocardium at risk and the magnitude of myocardial salvage with different 
pharmacologic interventions was studied. Open-chest, anesthetized dogs underwent left anterior descending 
coronary artery occlusion; 15 minutes after ligation they were treated with 5 different pharmacologic interven- 
tions. Retrospectively, the dogs were separated into 2 subgroups: those with small risk area, i.e., more than 15% 
of the left ventricle, and those with large risk area, i.e., more than 15% of the left ventricle. Heart rate and mean 4 
arterial pressure were similar between the 2 groups throughout the 6-hour experiments. In the subgroup with a bc 
small risk area, significantly more myocardium was salvaged than in the subgroup with large risk area. There was P 
a close inverse correlation between the size of the area at risk and myocardial salvage. Thus, the initial size of the E: 
area at risk is an important determinant of the effectiveness of various treatments in reducing infarct size. ; 
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978 Usefulness of Defibrotide in Protecting Ischemic Myocardium from Early Reperfusion Damage ides 
CHRISTOPH THIEMERMANN, PETRA LÓBEL, and KARSTEN SCHRÓR 


Reperfusion of an occluded coronary vessel after ischemia initially leads to further tissue injury, including early 
reperfusion arrhythmias. Cats were subjected to 3 hours of coronary artery ligation followed by 2 hours of E 
reperfusion. Compared with sham-operated cats, there was a considerable loss of CK-specific activity from the «i 
ischemic myocardium and electrocardiographic signs of myocardial necrosis. Treatment with defibrotide, : 
starting at 30 minutes after coronary occlusion, largely protected from tissue damage as seen in the 6096 | 
inhibition of CK loss, inhibition of ST-segment elevations and prevention of Q-wave enlargement in the a 
electrocardiogram. Defibrotide also antagonized ischemia-induced platelet activation and secretion, prevented ea 
fatal arrhythmias and was found to stimulate prostacyclin formation in a separate set of experiments. These data ig 
indicate beneficial cardioprotective actions of this new compound in myocardial reperfusion damage. ! 3 
» 
983 The Healing Process in Normal Canine Arteries and in Atherosclerotic Monkey Arteries After Transluminal T 
Laser Irradiation jd 
GEORGE S. ABELA, FILIPPO CREA, JAMES E. SEEGER, DAISEY FRANZINI, ALBERT FENECH, i 
SIGURD J. NORMANN, ROBERT L. FELDMAN, CARL J. PEPINE, and C. RICHARD CONTI M 
i. 
The immediate and short-term response of normal and atherosclerotic arteries was studied in dogs and monkeys. P 


Lasing was done via a fiber-catheter delivery system in an intact circulation. To maximize wall injury, the arteries D. ^ 
were lased at an acute angle to the arterial wall. Evaluation of the effects using angiographic and histologic 


Continued on page A34 
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examinations were made at 1 hour and at 2, 4, 7, 14, 30 and 60 days. The data show that lasing of the arterial wall 
results in discrete spots. They might occur inadvertently while attempting laser angioplasty, but they heal 
completely by 30 days after lasing. 


AL 


E | i Validation of Instantaneous Pressure Gradients Measured by Continuous-Wave Doppler in Éxperimentally 
ae Induced Aortic Stenosis 
T * MARK J. CALLAHAN, A. JAMIL TAJIK, QIAN SU-FAN, and ALFRED A. BOVE 
l * In 8 dogs, an ascending aortic snare was adjusted to produce left ventricular (LV) outflow gradients from 4 to 179 
"^ mm Hg. Pressure-tip transducer catheters recorded LV and aortic pressures simultaneously with a continuous- 
6 s wave Doppler signal. In 120 randomly selected sinus beats, Doppler-derived maximal gradient correlated well 
e with maximal instantaneous catheter gradient (r — 0.99). Mean gradients were also closely related. For gradients 
E greater than 100 mm Hg, the correlation remained good (r — 0.98), but for gradients less than 50 mm Hg, the cor- 
M relation was not as precise (r — 0.81). No correlation was observed between the timing of maximal Doppler 
tes velocity and either maximal or mean catheter gradient. All 120 cycles were digitized at 10-m/s intervals 
ude throughout systole. For the 2,742 pairs of points so obtained, the correlation was excellent (r = 0.95). These 
E results provide further validation of the use of continuous-wave Doppler in the assessment of maximal mean and 
bes instantaneous gradients. 
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..994 Dynamic Nature of Coronary Collateral Blood Flow 
^ E | DAVID S. KRAMER, and JOHN MICHAEL CRILEY 
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. 995 . Pacemaker Malfunction After Nitrous Oxide Anesthesia q 
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Angiographic Diagnosis of Coronary Sinus Ostium Atresia 
SCOTT B. YEAGER, ARPY A. BALIAN, ROBERT A. GUSTAFSON, and WILLIAM A. NEAL 
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| 997 Contrast-Enhanced Cine Computed Tomography for Diagnosis of Right Coronary Artery to Coronary Sinus 4 
| . Arteriovenous Fistula 

Er ROBERT M. MacMILLAN, ALI SHAHRIARI, SUMITHISENA, BARBARA K. FENDER, VLADIR MARANHAO, 
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The "beta-dilator* 
responseto _ 
theh ypertensive 
emergency: 


.TRANDATE . 


INJECTION ~>- 
labetalol eyes 








For hypertensive pii eed 


- TRANDATE' 


INJECTION : ml, 
INJECTION IU 


-labetalol HCI/Glaxo . 


_-Thebeta-dilator* response: 
control within minutes 


Action within a minute. Trandate” (labetalol HCI/Glaxo) Injection 
rapidly, predictably lowers blood, pressure by. lowering total peripheral” 
resistance (TPR), while maintaining cardiac output.*? The "beta-dilator s 
effect of simultaneous beta blockade and alpha blockade-induced | 
vasodilation ts apparent. within a minute. 


Rapid control. Full effect of an IV dose is apparent in 5 to 10 
minutes: helps avoid. fiypotensive ' overshoot; facilitates monitoring. 


Cost control. Rapid effect may shorten hospital Stay and: 
: beneficially affect costs under DRG's: 


Well tolerated.* The most commonly reportéd adverse reactions: , 
postufal hypotension,’ dizziness,! paresthesias, increased sweating 
and nausea. . a? 


Smooth transition to oral therapy with the same agent. 
Control of: hypertensive crisis with Trandate Injection allows continued 
control on orál.therapy with no need to change agents. 
M clic Injection—the "bétàa-dilator:;; response to hypertensive 
E emergencies : another original product of Glaxo research. 


* Patients should always be kept in a supine position during IV drug administration. See DOSAGE AND ADMINISTRATION section 
of Prescebing Information before initiating therapy 


' The episodes of postural hypotension and dizziness occurred primarily in one study in which patients were placed in an upright 
position within three hours of dosing for evaluation 


For a discussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the.last page of this advertisement.  : E 





For hypertensive emergency 


TRANDATE 


INJECTION 2. 
labetalol HCl/Glaxo 


The “beta-dilator” response: 
control within minutes 








ay |randate Injection can be administered as repeated IV injections, or 
by continuous infusion 

a After initial dosing, further blood pressure reductions can be 
achieved with additional injections or by slow continuous infusion 

aar Discontinue Trandate Injection when blood pressure goal is 
achieved— when supine blood pressure has begun to rise, oral 
therapy may be initiated 

aur Patients should be kept in the supine position during IV drug 


administration. See DOSAGE AND ADMINISTRATION section 
of Prescribing Information before initiating therapy 


For a discussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the last page of this advertisement. 


References: 1. Wallin JD, O'Neill WM Jr: Labetalol, current research and therapeutic status. Arch Intern Med 1983; 
143:485-490. 2. MacCarthy EP Bloomfield S: Labetalol: a review of its pharmacology, pharmacokinetics, clinical uses and 
adverse effects. Pharmacotherapy 1983;3(4): 193-219 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: TRANDATE® (labetalol HCI) uses is indicated for control of blood 
pressure in severe hypertension. 

CONTRAINDICATIONS: TRANDATE® Injection is contraindicated in bronchial asthma, overt cardiac 
failure, greater than first degree heart block, cardiogenic shock, and severe bradycardia (see 
WARNINGS). 

WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure. Beta blockade carries a potential hazard of further depressing my- 
ocardial contractility and precipitating more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with 
a history of heart failure who are well-compensated. Congestive heart failure has been observed in 
patients receiving labetalol HCI. Labetalol HCI does not abolish the inotropic action of digitalis on 
heart muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, 
continued depression of the myocardium with beta-blocking agents over a period of time can in some 
cases lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should 
be fully digitalized and/or be given a diuretic, and the response observed closely. If cardiac failure 
continues, despite adequate digitilization and diuretic, TRANDATE® therapy should be withdrawn 
(gradually, if possible). 

ischemic Heart Disease: Angina pectoris has not been reported upon labetalol HCI discontinua- 
tion. However, following abrupt cessation of therapy with some beta-blocking agents in patients with 
coronary artery disease, exacerbations of angina pectoris and, in some cases, myocardial infarction 
have been reported. Therefore, such patients should be cautioned against interruption of therapy 
without the physician's advice. Even in the absence of overt angina pectoris, when discontinuation of 
TRANDATE is planned, the patient should be carefully observed and should be advised to limit phys- 
ical activity. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE admin- 
istration should be reinstituted promptly, at least temporarily, and other measures appropriate for the 
management of unstable angina should be taken. 

Nonallergic Bronchospasm (eg, chronic bronchitis and emphysema): Since TRANDATE In- 
jection at the usual intravenous therapeutic doses has not been studied in patients with nonallergic 
bronchospastic disease, it should not be used in such patients. 

Pheochromocytoma: Intravenous labetalol HCI has been shown to be effective in lowering the 
blood pressure and relieving symptoms in patients with pheochromocytoma; higher than usual doses 
may be required. However, paradoxical hypertensive responses have been reported in a few patients 
with this tumor; therefore, use caution when administering labetalol HCI to patients with 
pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major 
surgery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic ac- 
tivity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug 
Interactions). 

Rapid Decreases of Blood Pressure: Caution must be observed when reducing severely elevated 
blood pressure. Although such findings have not been reported with intravenous labetalol HCI, a num- 

ber of adverse reactions, including cerebral infarction, optic nerve infarction, angina and ischemic 
changes in the electrocardiogram, have been reported with other agents when severely elevated blood 
pressure was reduced over time courses of several hours to as long as 1 or 2 days. The desired blood 
pressure lowering should therefore be achieved over as long a period of time as is compatible with 
the patient's status. 

PRECAUTIONS: General: Impaired hepatic function may diminish metabolism of TRANDATE* 
Injection. 

Hypotension: Symptomatic postural hypotension (incidence 5896) is likely to occur if patients are 
tilted or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. 
Therefore, the patient's ability to tolerate an upright position should be established before permitting 
any ambulation. 

Jaundice or Hepatic Dysfunction: On rare occasions, oral labetalol HCI has been associated 

with jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with labetalol 
HCI be stopped immediately should a patient develop jaundice or laboratory evidence of liver injury. 
Both have been shown to be reversible on stopping therapy. 
Information for Patients: The following information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. During and im- 
mediately following (for up to 3 hours) TRANDATE Injection, the patient should remain supine. Sub- 
sequently, the patient should be advised on how to proceed gradually to become ambulatory, and 
should be observed at the time of first ambulation. 

When the patient is started on TRANDATE Tablets, following adequate control of blood pressure 
with TRANDATE Injection, appropriate directions for titration of dosage should be provided (see DOS- 
AGE AND ADMINISTRATION). 

As with all drugs with beta-blocking activity, certain advice to patients being treated with labetalol 

HCI is warranted: While no incident of the abrupt withdrawal phenomenon (exacerbation of angina 
pectoris) has been reported with labetalol HCI, dosing with TRANDATE Tablets should not be inter- 
rupted or discontinued without a physician's advice. Patients being treated with TRANDATE Tablets 
should consult a physician at any sign of impending cardiac failure. Also transient scalp tingling may 
occur, usually when treatment with TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 
Laboratory Tests: Routine laboratory tests are ordinarily not required before or after intravenous 
labetalol HCI. In patients with concomitant illnesses, such as impaired renal function, appropriate 
tests should be done to monitor these conditions. 
Drug Interactions: Since TRANDATE (labetalol HCI) Injection may be administered to patients al- 
ready being treated with other medications, including other antihypertensive agents, careful monitor- 
ing of these patients is necessary to detect and treat promptly any undesired effect from concomitant 
administration. 

In one survey, 2.3% of patients taking labetalol HCI orally in combination with tricyclic antidepres- 
sants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. The con- 
tribution of each of the treatments to this adverse reaction is unknown, but the possibility of a drug 
interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor ag- 
onist drugs in patients with bronchospasm; therefore, doses greater than the normal anti-asthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCl administered orally. 
Since this could be explained either by enhanced absorption or by an alteration of hepatic metabolism 
of labetalol HCl, special care should be used in establishing the dose required for blood pressure con- 
trol in such patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labeta- 
lol HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, 
high concentrations (3% or above) of halothane should not be used because the degree of hypotension 
will be increased and because of the possibility of a large reduction in cardiac output and an increase 
in EU eons pressure. The anesthesiologist should be informed when a patient is receiving la- 
betalo 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCl is used with nitroglycerin in patients with angina pectoris, additional 


antihypertensive effects may occur. — 


Drug/Laboratory Test Interactions: The presence of a imétabolíà of labetalol in the urine may 
result in falsely increased levels of urinary catecholamines when measured by a nonspecific trihy- 
droxyindole (THI) reaction. In screening patients suspec' of having a pheochromocytoma and being 
treated with labetalol HCI, specific radioenzymatic or h gh performance liquid chromatography assay 
techniques should be used to determine levels of Giaciblarines or their metabolites. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with la- 
betalol HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. Stud- 
ies with labetalol HCI, using dominant lethal assays in rats and mice, and exposing microorganisms 
according to modified Ames tests, showed no evidence of mutagenesis. 
Pregnancy Category C: Teratogenic studies have been performed with labetalol in rats and rabbits at 
oral doses up to approximately 6 and 4 times the MRHD, respectively. No reproducible evidence of fetal 
malformations was observed. Increased fetal resorptions were seen in both species at doses approx- 
imating the MRHD. There are no adequate and well-controlled studies in pregnant women. Labetalol 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Nonteratogenic Effects: Infants of mothers who were treated with labetalol HCI for hypertension 
during pregnancy did not appear to be adversely affected by the drug. Oral administration of labetalol 
to rats during late gestation through weaning at doses of 2 to 4 times the MRHD caused a decrease 
in neonatal survival. 
Labor and Delivery: Labetalo! HCl given to pregnant women with hypertension did not appear to 
affect the usual course of labor and delivery. 
Nursing Mothers: Small amounts of labetalol (approximately 0.00496 of the maternal dose) are ex- 
creted in human milk. Caution should be exercised when TRANDATE® (labetalol HCI) Injection is ad- 
ministered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: TRANDATE® Injection is usually well tolerated. Most adverse effects have 
been mild and transient and, in controlled trials involving 92 patients, did not require labetalol HCI 
withdrawal. Symptomatic postural hypotension (incidence 5896) is likely to occur if patients are tilted 
or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. Moderate 
hypotension occurred in 1 of 100 patients while supine. Increased sweating was noted in 4 of 100 pa- 
tients, and flushing occurred in 1 of 100 patients. 

The following also were reported with TRANDATE Injection with the incidence per 100 patients as 
noted: 

Cardiovascular System: Ventricular arrhythmia in 1. 

Central and Peripheral Nervous Systems: Dizziness in 9; tingling of the scalp/skin in 7; hy- 
poesthesia (numbness) and vertigo in 1 each. 


Gastrointestinal System: Nausea in 13; vomiting in 4; dyspepsia and taste distortion in 1 each. 


Metabolic Disorders: Transient increases in blood urea nitrogen and serum creatinine levels oc- 
curred in 8 of 100 patients; these were associated with drops in blood pressure, generally in patients 
with prior renal insufficiency. 

Psychiatric Disorders: Somnolence/yawning in 3. 

Respiratory System: Wheezing in 1. 

Skin: Pruritus in 1. 

The incidence of adverse reactions depends upon the dose of labetalol HCI. The largest experience 
is with oral labetalol HCI (see TRANDATE Tablet Product Information for details.) Certain of the side 
effects increased with increasing oral dose as shown in the table below which depicts the entire U.S. 
therapeutic trials data base for adverse reactions that are probably or possibly dose-related. 





Labetalol HCI 

Daily Dose (mg) 200.300 400 000 we, 300- "o 
Number of Patients 522 181 606 608 503 117 +411 242 175 
Dizziness (%) 2 3 3 3 5 1 g 13 16 
Fatigue 2 1 4 4 5 3 7 6 10 
Nausea «1 0 1 2 4 0 7 11 19 
Vomiting 0 07.4... St et 0 1 2 3 
Dyspepsia 1 0 2 1 1 0 2 2 4 
Paresthesias 2 0 2 2 1 1 2 5 5 
Nasal Stuffiness 1 1 2 2 2 2 4 5 6 
Ejaculation Failure 0 2 1 2 3 0 4 3 5 
Impotence 1 1 1 1 2 4 3 4 3 
Edema 1 0 1 1 1 0 1 2 2 


The oculomucocutaneous syndrome associated with the beta-blocker practolol has not been re- 

ported with labetalol HCI during investigational use and extensive foreign marketing experience. 
Clinical Laboratory Tests: Among patients dosed with TRANDATE Tablets, there have been re- 
versible increases of serum transaminases in 496 of patients tested and, more rarely, reversible in- 
creases in blood urea. 
OVERDOSAGE: Overdosage with TRANDATE® Injection causes excessive hypotension which is pos- 
ture sensitive and, sometimes, excessive bradycardia. Patients should be laid supine and their legs 
raised if necessary to improve the blood supply to the brain. The following additional measures should 
be employed if necessary: Excessive bradycardia— administer atropine (3.0 mg). If there is no re- 
sponse to vagal blockade, administer isoproterenol cautiously. Cardiac failure— administer a digi- 
talis glycoside and a diuretic. Hypotension—administer vasopressors, eg, norepinephrine. There is 
pharmacological evidence that norepinephrine may be the drug of choice. Bronchospasm—admin- 
ister a betaz-stimulating agent and/or a theophylline preparation. 

If overdosage with labetalol HCI follows oral ingestion, gastric lavage or pharmacologically induced 
emesis (using syrup of ipecac) is useful for removal of the drug shortly after ingestion. Labetalol HCI 
can be removed from the general circulation by hemodialysis. 

The oral LDss value of labetalol HC! in the mouse is approximately 600 mg/kg and in the rat is 
greater than 2 g/kg. The intravenous LDsg in these species is 50 to 60 mg/kg. 

DOSAGE AND ADMINISTRATION: Initiation of Dosing with TRANDATE Tablets: Subsequent 
oral dosing with TRANDATE Tablets should begin when it has been established that the supine dia- 
stolic blood pressure has begun to rise. The recommended initial dose is 200 mg, followed in 6-12 
hours by an additional dose of 200 mg or 400 mg, depending on the blood pressure response. There- 
after, inpatient titration with TRANDATE Tablets may proceed as follows: 

Inpatient Titration Instructions 


Regimen Daily Dose* 
200 mg bid 400 mg 
400 mg bid 800 mg 
800 mg bid 1600 mg 

1200 mg bid 2400 mg 


“If needed, the total daily dose may be given in three divided doses. 

While in the hospital, the dosage of TRANDATE (labetalol HCI) Tablets may be increased at one-day 
intervals to achieve the desired blood pressure reduction. 

For subsequent outpatient titration or maintenance dosing see TRANDATE Tablets Product Infor- 
mation DOSAGE AND ADMINISTRATION for additional recommendations. 
HOW SUPPLIED: TRANDATE* Injection, 5 mg/ml, is supplied in 20 ml (100 mg) ampules, box of 1 
(NDC 0173-0350-59). 
Store between 2° and 30° C (36° and 86° F.) Do not freeze. 
Manufactured for Glaxo Inc. Research Triangle Park, NC 27709 
by Schering Pharmaceutical Corporation (PR), Manati, PR 00701 
© Copyright 1984, Glaxo Inc. All rights reserved. 
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When nitrates alone 
are not enough 


^ad Calan recs. 
(verapamil HCI) 


Calan plus nitrates: 
Unique hemodynamic benefits 


. increased myocardial oxygen supply — 
prevents vasoconstriction both in large 
coronary arteries and in coronary arterioles 








@ reduced myocardial oxygen demand due to 
—a reduction in peripheral vascular 
resistance (afterload) 
—a decrease in venous return (preload) 
—a modest decrease in contractility 


"It makes sense to treat those patients [with 
chronic stable angina]... [with] an agent 
that has a beneficial effect on both oxygen 
demand and supply, rather than a beta 
blocker which attacks just one side of 

that ratio." 


Calan plus nitrates: 
Efficacy for all types 
of angina 


"...a combination of rate-lowering vasodilator 
(verapamil...) and long-acting nitrates...is very 
efficacious in patients with variant angina, angina 
of effort, and unstable angina at rest." 
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0 clinically significant improve- 
ment in exercise tolerance 


Dose 360 0 clinically significant reduc- 
mg das tion in the number of attacks 


n=28 Dose= 360 


er See mg/day and the need for sublingual 


Dose=480 nitroglycerin 


me/day P 0.001 


P- O01 i 
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Calan safety: 
Favorable side-effects profile 





With Calan, side effects such 
as fatigue, mental depression, 
impotence or bradycardia (heart 





rate less than 50 beats/min) na 
seldom occur. A 
2 


In one study involving 63 
patients "verapamil therapy was 
not discontinued in any patient — - 
because of the development of | 
adverse reactions.’ 
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1. Hillis, D., in Hillis, D. (Moderator); Frishman, W.; Leon, M.; Packer, M.; Robertson, R. M.; Subramanian, B., and Winniford, M. (Discussants): The Expanding Role of Calcium M 
Channel Blockers, 1984 . 2. Subramanian, B., and others: Long-Term Antianginal Action of Verapamil Assessed with Quantitated Serial Treadmill Stress Testing, Am. J. Cardiol. " 


48: 529-535 (Sept.) 1981. 3. Subramanian, B.: Long-Term Therapy of Angina with Calcium Antagonists, Cardiovasc. Rev. Rep. 4:493-497 (April) 1983. 4. Leon, M.B.: Combination Therapy 

Using Calcium-Channel Blockers and Beta Blockers in Patients with Chronic Stable Angina Pectoris, Cardiovasc. Rev. Rep. 4:171-177 (Feb.) 1983. 5. Subramanian, V. B., and others: Rationale 
for the Choice of Calcium Antagonists in Chronic Stable Angina: An Objective Double-Blind Placebo-Controlled Comparison of Nifedipine and Verapamil, Am. J. Cardiol. 50:1173-1179 (Nov.) 
1982. 6. Weiner, D. A., and others: Efficacy and Safety of Verapamil in Patients With Angina Pectoris After 1 Year of Continuous, High-Dose Therapy, Am. J. Cardiol. 57:1251-1255 (May 1) 1983. 
7. Frishman, W. H., and others: Superiority of Verapamil to Propranolol in Stable Angina Pectoris: A Double-blind, Randomized Crossover Trial, Circulation 65 (Suppl. 1):51-59 (Jan:) 1982. 

8. Scheidt, S., and others: Long-Term Effectiveness of Verapamil in Stable and Unstable Angina Pectoris: One-Year Follow-Up of Patients Treated in Placebo-Controlled Double-Blind 
Randomized Clinical Trials, Am. J. Cardiol. 50:1185-1190 (Nov.) 1982. 9. Bowles, M. J., and others: Double-blind Randomized Crossover Trial of Verapamil and Propranolol in Chronic Stable 
Angina, Am. Heart J. 706:1297-1306 (Dec.) 1983. 10. Product Labeling. 
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Please see following page for a brief summary of the complete prescribing information. 


be l:* 





TABLETS 


80 mg and 120 mg 


"(verapamil HC) 


Contraindications: Severe left ventricular dysfunction (see 


Warnings, hyp ere tolic pressure<30 mm Hg) or car- 
 diogenic shock 


asymptomatic, orthostatic, mild, and controlled by decrease in 


Calan dose. Elevations of liver enzymes have been reported. 


Four cases have been demonstrated to be produced by verapa- 


mil. Periodic monitoring of liver function in patients on verapamil 


.. is prudent. Patients with atrial flutter fibrillation and an acces- 


x ES 


sory AV pathway (eg, WPW or LGL syndromes) may develop a 


in some critically il patients with hypertrophic cardiomyopathy 
verapamil. 


. who were treated with 
Precautions: 


Verapamil should be given cautiously to patients 
with impaired hepatic function (in severe dysfunction use about 
30% of the normal dose) or impaired renal function, and patients 


. should be monitored for abnormal prolongation of the PR inter- 


val or other signs of overdosage. Verapamil may decrease neu- 
romuscular transmission in patients with Duchenne's muscular 
dystrophy and may prolong recovery from the neuromuscular 


-. blocking agent vecuronium. It may be necessary to decrease 


-verapamil dosage in patients with attenuated neuromuscular 
E transmission. Studies in a small number of patients suggest that 
3 beta-blockers be beneficial 


-further studies are completed, verapamil should be used alone 


if possible. ete, eet © wed. patients should be 
monitored closely. Combined therapy with verapamil and pro- 
pranolol should usually be avoided in patients with AV conduc- 
ee ne ae 

in patients who have also recently received methyldopa. Chron- 


. ic verapamil treatment increases serum digoxin levels by 50% 


to 70% during the first week of therapy, which can result in 
. The digoxin dose should be reduced when ve- 


blood-pressure-lowering agents. Disopyramide 
given within 48 hours before or 24 hours after verapamil admin- 


. istration. Until further data are obtained, combined verapamil 


‘sion may result. Concomitant use of inhalation anesthetics and 


-calcium antagonists needs careful titration to avoid excessive 


cardiovascular depression. Verapamil may potentiate the activi- 
ty of neuromuscular blocking agents (curare-like and depolariz- 
ing); dosage reduction may be required. Adequate animal car- 
cinogenicity studies have not been performed. One study in rats 
did not suggest a tumorigenic potential, and verapamil was not 
mutagenic in the Ames test. Pregnancy Category C. There are 


. only if needed. Verapamil is excreted in breast milk; 
^. therefore, nursing should be discontinued during verapa- 
mil use. 


SEAR 


Adverse Reactions: Hypotension (2.9%), peripheral edema 
(1.7%), AV block: 3rd-degree (0.8%), bradycardia: HR<50/min 
(1.1%), CHF or edema (0.9%), dizziness (3.6%), 
headache (1.8%), Te (1.1%), constipation (6.3%), nausea 
(1.6%); elevations of liver enzymes have been reported (see 
The following reactions, reported in less than 0.5% 


. cramps, ' shakiness, claudication, hair loss, macular eruptions, 
spotty menstruation, ecchymosis, bruising, gynecoma 


stia, and 
psychotic symptoms. Overall continuation rate was 94.5% in 
1,166 patients. 

5/85 « 5W021V2 
Address medical inquiries to: 
G.D. Searle & Co. 
Medical Communications 
Box 5110, Chicago, IL 60680 
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what you'll be watching 








TO RECEIVE every copy of AJC Video Report—at the special intro- 
ductory subscription price of $395* for 12 cassettes— complete this 
coupon and send it to: Joyce Sturges, AJC Video Report, The Yorke 
Medical Group, 875 Third Avenue, New York, N.Y. 10022. Or call 
(212) 605-9549. 


Name: 
Address: 


AJC 12/1 


O Payment enclosed. [] Bill me. | | Charge my credit card 
O Visa |J MasterCard | | American Express 


Card # Exp. Date 
Signature 
O Phys. O Hosp. O Med. Sch. 


Guarantee of satisfaction: If for any reason you are not completely satisfied, 
you may cancel and receive a full refund on all unmailed copies of AJC Video 
Report. 


Format desired: | | VHS 


[C] Med. specialty: 


O BETA 


* Foreign orders add $120 for freight and handling. Payment must be in U.S. 


dollars. 


The American Journal of Cardiology 


The American Journal of Cardiology does more than just print the best in authoritative 
articles on cardiovascular treatment. Now it puts them on videotape. 

Hosted by Editor-in-Chief William C. Roberts, MD, AJC Video Report will feature 
lively, highly-visualized discussions with noted cardiovascular specialists and authors of 
the most important articles appearing each month in The American Journal of Cardiol- 
ogy. And it will extend the utility of the articles by exploring their application in clinical 
practice. 

Each of the 45 minute videocassettes will feature a special guest panelist as well as 
the guest authors discussing: 
e Coronary Heart Disease * Arrhythmias and Conduction Disturbances * 
Systemic Hypertension * Congestive Heart Failure * Valvular Heart Dis- 
ease * Cardiomyopathy * Congenital Heart Disease * Cardiovascular 
Pharmacology and * Experimental Studies 


AJC Video Report will be produced on a regular monthly basis starting January, 1986. 
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ntroducing a Noninvasive Metho 
for Assessing Left Ventricular Function 
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luinton Instrument Company 
proud to announce 

xerDop. . . the new diagnostic 
ol that makes ventricular 

inction assessment inexpensive, 

ee of radiation risks, and 
tchnically simple—all advantages 
ver radioisotope methods. 


he velocity and acceleration of 
lood ejected from the left 
entricle are reliable indicators of 
»ntricular function. In fact, a 
‘owing body of evidence points 
) peak acceleration as its most 
nsitive indicator. ExerDop is the 
nly continuous wave Doppler 
istrument capable of recording 
istantaneous peak velocity, peak 
celeration, and stroke distance on a 
eat-to-beat basis. Data is printed 
at immediately after each heart- 
eat and the tabular final report 
immarizes data sets and 
ercentage changes. 
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Many cardiologists evaluate the 
deterioration of a patient’s 
ventricular function under stress 
prior to making surgical decisions 
regarding the need for coronary 
bypass. ExerDop can be used to 
record pertinent data while the 
patient is either exercising or is at 
rest. It is a stand-alone system that 
can be used in conjunction with 
any stress measurement system. 
And, because it’s noninvasive, 
ExerDop i is extremely useful for 
serial studies of left ventricular 
performance 








Now accurate peak velocity and 
acceleration data can be obtained 
quickly, easily, and inexpensively— 
making ExerDop a valuable tool 
for cardiologists, laboratory 
researchers, ‘and clinical diagnosti- 
cians. For more information. 
please contact: 


inton 


instrument co. 


2121 Terry Avenue; Seattle, WA 98121-2791 
Telex 3794094 QUINTON 

In USA, call toll free: 

Domestic Sales 800/426-0347 

Intl. Sales 800/426-0337 

In Washington, Alaska and Canada 

call 206/223-7373. 

An AH OBINS Company 


Regional Directors Offices 
Europe, Middle East, Africa and India: 





A.H. Robins, Medical Instrument Division 

Mountcliff House, 154 Brent Stree! 

London NW4 1BE, England Telephone. (1) 202-3527 
Telex: 946 240 CWEASY G. Quote 19007060 


Far East, Australia and New Zealand: 

A.H. Robins, Medical Instrument Division 

Suite 3702. Windsor House 

311 Gloucester Road. Hong Kong 

Telephone: (5) 762789, Telex. 780 89189 AHRIC HX 
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Enhances the value of oral procainamide 
for selected cardiac dusrhuthmias 
With modern sustained-release Procan SR, short duration of effect 


no longer impedes the usefulness of procainamide for maintenance therapy. 


A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 





Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 
Ideal maintenance therapy 


ah .. Procan SR... 
the original sustained-release oral procainamide 


Please see next page for brief summary of prescribing information. 
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The TEREA Giuria of Tuae giin lends i ihe. development of a 
ositive antinuclear antibody (ANA) test with or without symptoms of lupus erythema- 


=i d "bbtldued procainamide therapy should be assessed. This may necessitate consid- 
„eration of alternative petite hid therapy. 





“INDICATIONS AND USAGE: Oral procainamide is indicated in the treatment of premature 
ventricular contractions, ventricular tachycardia, atrial fibrillation, and paroxysmal atrial 
|... tachycardia. 
c e . CONTRAINDICATIONS: Hypersensitivity to procainamide is an absolute contraindication. 
In this connection, cross-sensitivity to procaine and related drugs must be borne in mind. 
oF Procainamide should not be administered to patients with complete atrioventricular 
l s . heart block. It is also contraindicated in cases of second degree and third degree A-V 
. nodal block unless an electrical pacemaker is operative. 
It has been suggested that procainamide be contraindicated in patients with myasthe- 
|. nia gravis. 
cy WARNINGS: Granulocytopenia may follow the use of procainamide, and deaths from sep- 
^. sis have occurred. Leukocyte changes are most likely to occur during the first three 
months of therapy. During this time routine blood counts should be done at least every two 
weeks, and thereafter at longer intervals throughout maintenance procainamide therapy. 
. Complaints of malaise and aches (a flu-type syndrome) are often reported in association 
EUR the granulocyte depression. 
. Patients should be instructed to report such symptoms promptly, as well as any sore- 
ess of mouth, throat or gums, unexplained fever, or symptoms of an upper respiratory 
Lye infection. If these should occur and a complete blood count indicates a granulocyte 
2 - depression, procainamide therapy should be discontinued immediately and appropriate 
~ treatment instituted. Recovery of leukocyte count usually occurs within a few weeks. 
|... The incidence of granulocytopenia appears to be higher with procainamide sustained- 
» pesar tablets than with standard tablets. 
| PRECAUTIONS: General—During administration of the drug. evidence of untoward 
f i dial responses should be carefully watched for in all patients. In the presence of an 
! v Kainonnel myocardium, procainamide may at times produce untoward responses. In atrial 
m isa fibrillation or flutter, the ventricular rate may increase suddenly as the atrial rate is slowed. 
Eo .— Adequate digitalization reduces, but does not abolish, this danger. If myocardial damage 
Fis exists, ventricular tachysystole is particularly hazardous. Correction of atrial fibrillation, 
ae with resultant forceful contractions of the atrium, may cause a dislodgement of mural 
see rombi and produce an embolic episode. However, it has been suggested that, in a 
^" A. patient who is already discharging emboli, procainamide is more likely to stop than to 
V -aggravate the process. 


i Attempts to adjust the heart rate in a patient who has developed ventricular tachycardia 


et 


E !  isalso required in marked disturbances of atrioventricular conduction such as A-V block, 
i pine branch block, or severe digitalis intoxication, where the use of dtes ge may 


: * this complication should always be kept in mind when treating ventricular arrhythmias with 
N 4 y _ procainamide. If the ventricular rate is significantly slowed by procainamide without attain- 
1 may X ment of regular atrioventricular conduction, the drug should be stopped and the patient 
Le it _ reevaluated since asystole may result under these circumstances. 

In patients receiving normal dosage, but who have both liver and kidney disease, symp- 
| toms of overdosage (principally ventricular tachycardia and severe hypotension) may 


peere hypotension can result from peripheral vasodilation and from decreases in car- 
. diac output. At high plasma levels, procainamide may produce sinus tachycardia due to 
reflex sympathetic response to its hypotensive effect. Large doses may increase cardiac 
|. automaticity and can induce complete atrioventricular block, cardiac standstill, or ventric- 
UT v) -ular extrasystoles that may proceed to ventricular fibrillation. These effects on the myocar- 
Fi .. dium are reflected in the electrocardiogram: a widening of the QRS complex occurs most 
pe consistently; less regularly, the P-R and Q-T intervals are prolonged, and the QRS and T 
. waves show some decrease in voltage. 
Ms —A Antinuclear antibodies (ANA) are often found in patients receiving long-term pro- 
A i  cainamide therapy. The induction of ANA appears to be independent of dosage. Patients 
' f 
4 MS with procainamide-induced increases in ANA titers may develop a syndrome resembling 
systemic lupus erythematosus (SLE). The mechanism of this syndrome is uncertain. 
¥ algia, arthritic symptoms, and pleuritic pain'áre common symptoms; to a lesser 
extent fever, myaigia, skin lesions, pleural effusion, pericarditis, headache, fatigue, weak- 


» pw nausea and abdominal pain may occur. Rare cases of thrombocytopenia, Coombs’ 


EN ae us is lagtetenended that tests for eiui lupus eryttiematosus be carried out at regular 

fe nores! in patients receiving maintenance procainamide therapy. The drug should be dis- 
eim - continued if there is a rising ANA titer or clinical symptoms of SLE appear. The SLE-like syn- 
l Ha V Mi drome may be reversible upon discontinuation of the drug. If discontinuation does not 
. cause remission of the symptoms, corticosteroid therapy may be effective. If the SLE-like 
| syndrome develops in a patient with recurrent life-threatening arrhythmias not controllable 
o byother antiarrhythmic agents, corticosteroid suppressive therapy may be used concom- 
ety with procainamide. 


a: aaa to patients receiving Procan SR. 
— 1. Donot crush or chew these tablets. Swallow them whole. 
e Take this medicine exactly as directed by your doctor Do not miss any doses and do 
“not take more medicine than ordered. Do not stop taking this medicine without first check- 
| ang with your doctor. 
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_ 4. Report to your sis eoe r ER E os sd shes as Wellas ^ 


any soreness of the mouth, throat or gums, unexplained fever, skin rash , unusual bleeding | 


or bruising, symptoms that resemble arthritis, or symptoms of an upper respiratory tract 
infection. 

5. Do not be concerned if you occasionally notice in your stool something that looks like 
& tablet. In Procan SR (procainamide hydrochloride tablets), the drug is ‘held’ in a wax core 
that has been specially designed to slowly release the drug for your body to absorb. When 
this process is completed the empty, nonabsorbable wax core, which looks nearly 
unchanged, is eliminated from your body. 

6. Keep container tightly closed and store in a cool. dry place 
Laboratory Tests — Patients receiving procainamide for extended periods of time, or in 
whom symptoms suggestive of a lupus-like reaction appear, should have antinuclear anti- 
body titers measured at regular intervals. 

Routine blood counts are advisable during maintenance procainamide therapy. See 
WARNINGS for additional information. 

Plasma concentrations of procainamide and NAPA should be monitored in patients with 
renal disease, hepatic disease, cardiac failure, or low cardiac output states. 
Drug Interactions 

1. Antiarrhythmics: Concurrent use with procainamide may result in additive cardiac 
effects and/or additive toxic effects. 

2. Anticholinergics: Procainamide enhances the anticholinergic effects. Extreme cau- 
tion must be exercised with such a combination 

3. Anticholinesterases: Procainamide antagonizes the effect of anucholiniesteriees in 
myasthenia gravis, and paralysis returns. 

4. Antihypertensives: Procainamide may potentiate the hypotensive effects of thiazide 
diuretics and other antihypertensive agents. Adjustment of dosage may be required. 

5. Cimetidine: It has been reported that the histamine H5-antagonist cimetidine reduces 
renal clearance of procainamide and NAPA, resulting in higher plasma concentrations for 
longer durations. Caution should be exercised when administering these drugs concur- 


rently, especially in the elderly, who have a reduced ability to clear all three. Dosage modifi- 


cation may be required 


6. Neuromuscular Blocking Agents: Procainamide potentiates the effects of skeletal 


muscle relaxants such as succinylcholine. It also may enhance or prolong the neuromus- 
cular blocking activity of bacitracin, colistimethate, dihydrostreptomycin, gentamicin, 
gramicidin, kanamycin, neomycin, polymyxin B. streptomycin, and viomycin, producing 
respiratory depression. 

Pregnancy —Pregnancy Category C. Animal reproduction studies have not been con- 
ducted with procainamide. It is also not known whether procainamide can cause fetal 
harm when administered to a pregnant woman or can affect reproduction capacity Pro- 
cainamide should be given to a pregnant woman only if clearly needed. 

Nursing Mothers — It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when procainamide 
is administered to a nursing woman. 

ADVERSE REACTIONS: Most frequent, especially with large oral doses: 

1 Anorexia 2. Nausea 3. Vomiting 4. Diarrhea 5. Urticaria 6. Pruritus. 

Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinuclear 
antibodies (ANA) b. Syndrome resembling systemic lupus erythematosus (SLE) (See 
PRECAUTIONS). 


2. Hypersensitivity reactions: a. Angioneurotic edema b. Maculopapular rash c. Fever - 


d. Eosinophilia e. Hypergammaglobulinemia. 
Infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS) 2. Con- 
vulsions 3. Psychosis with hallucinations 4. Confusion 5. Mental depression 6. Giddiness 
7. Lightheadedness 8. Weakness 9. Bitter taste. 
Rare: 1. Hypotension 2. A case was reported with fever and chills plus nausea, vomiting, 
abdominal pain, acute hepatomegaly, and a rise in serum Glutamic oxaloacetic trans- 
aminase following a single dose of the drug. 
OVERDOSAGE: Signs and symptoms of overdosage of procainamide include severe 
hypotension, ventricular fibrillation, widening of the QRS complex, junctional tachycardia, 
intraventricular conduction delay, oliguria, lethargy, confusion, nausea, and vomiting. 
If ingestion is recent, gastric lavage or emesis may reduce absorption. Dopamine. 
phenylephrine or levarterenol may be helpful in reversing severe hypotensive responses. 
Management of overdosage includes symptomatic treatment with ECG and blood pres- 
sure monitoring. Procainamide toxicity can usually be treated, if necessary, by administer- 
ing vasopressors after adequate fluid volume replacement. Intravenous infusion of '/6 
molar sodium lactate injection reportedly reduces the cardiotoxic effects of procainamide. 
The urinary elimination of procainamide is proportional to the glomerular filtration rate 
but is also affected by changes in urinary pH. Procainamide is relatively lipid-soluble as a 
free base, but the ionized form is not. Acid urine, therefore, leads to ion trapping of pro- 


* cainamide which enters the urine by passive diffusion from the plasma. Accordingly, renal 


clearance of procainamide can be considerably increased by maintaining a low urinary 
pH and high flow rates. 

If procainamide toxicity causes severe hypotension and renal insufficiency, urinary elim- 
ination of procainamide and NAPA is decreased. and hemodialysis may be required. 
Hemodialysis significantly reduces the serum half-life of procainamide, and effectively 
removes procainamide and NAPA. Peritoneal dialysis is not effective. 

It has been reported that one patient who ingested approximately 7 grams of pro- 
cainamide hydrochloride recovered after treatment consisting of IV levarterenol, IV furo- 
semide. attempted volume expansion with albumin, and hemodialysis. Also reported is the 
case of an elderly patient who recovered after ingestion of approximately 19 grams of pro- 
cainamide hydrochloride. The patient was treated with IV isoproterenol and IV epineph- 


rine. The latter report suggested that insertion of a ventricular pacing electrode is a- 


reascnable precautionary measure in case high grade A-V block develops. 


Storage Conditions— Protect from moisture. Store bottles below 30* C (86* F). Store 


unit-dose packages at controlled room temperature, 15°-30° C (59°-86° F). 0207G012 


Caution: Federal law prohibits dispensing without prescription. 
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SYSTEMIC HYPERTENSION 
Systolic Hypertension in the Elderly Program (SHEP): 
Antihypertensive Efficacy of Chlorthalidone 
STEPHEN B. HULLEY, MD, MPH, CURT D. FURBERG, MD, BARRY GURLAND, MD, 
tp- ROBERT McDONALD, MD, H. MITCHELL PERRY, MD, HAROLD W. SCHNAPER, MD, 


JAMES A. SCHOENBERGER, MD, W. McFATE SMITH, MD, MPH, and 
THOMAS M. VOGT, MD, MPH, for the SHEP Research Group 





The Systolic Hypertension in the Elderly Program 
(SHEP) is a randomized, blinded test of the efficacy 
of antihypertensive drug treatment. In a large feasibil- 
ity trial, 551 men and women who had isolated systol- 
ic hypertension and were at least 60 years old re- 
ceived chlorthalidone (25 to 50 mg/day) or matching 
placebo as the step | drug. After 1 year, 83% of the 
chlorthalidone group and 80% of the placebo group 
were still taking SHEP medications. Of those still 
taking chlorthalidone, 88% had reached goal blood 
pressure (BP) without requiring a step Il drug, and 
most had responded to the lower dose (25 mg/day). 
The BP response was similar in all age, sex and race 


subgroups, with an overall mean difference between 
randomized groups of 17 mm Hg for systolic BP (p 
<0.001) and 6 mm Hg for diastolic BP (p «0.001). 
The only common adverse effects were asymptomat- 
ic changes in the serum levels of potassium (0.5 
mEg/liter lower in the chlorthalidone group, p 
<0.001), uric acid (0.9 mg/dl higher, p « 0.001) and 
creatinine (0.08 mg/dl higher, p — 0.02). This study 
indicates that chlorthalidone is effective for lowering 
BP in elderly patients with systolic hypertension and | 
sets the stage for a larger trial of the effects of such 
treatment on the incidence of cardiovascular disease. — 
(Am J Cardiol 1985;56:913-920) 
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The 1984 report from the Joint National Committee on 
the Detection, Evaluation and Treatment of High Blood 
Pressure! provided a comprehensive set of policy — 
guidelines on the management of diastolic hyperten- 
sion. One important issue that remains unsettled, 
however, is whether to treat isolated systolic hyperten- — 
sion.!-? The prevalence of this condition, defined as a 
systolic blood pressure (BP) of 160 mm Hg or greater — 
with a diastolic BP less than 90 mm Hg, increases to 
about 20% in both sexes by age 80 years 5; 3 million 
persons in the U.S. are affected. The health implica- 
tions of isolated systolic hypertension are similar to — 

those for diastolic hypertension: a 2- to 3-fold excess 
risk of cardiovascular mortality.??-!1? Whether antihy- 
pertensive treatment with drugs will prevent some or 
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. all of the excess cardiovascular events and whether 
. such treatment is safe remain to be established. 


The Systolic Hypertension in the Elderly Program 


- (SHEP) is a large collaborative trial to resolve these 
. uncertainties in a randomized design with a blinded 
_ placebo control. Findings pertaining to 3 of the topics 
. studied during the 4-year feasibility study are pre- 


sented: (1) the degree to which elderly patients comply 


_ with the antihypertensive treatment protocol, (2) the 
- degree to which their systolic BP responds to drug 
- therapy, and (3) the degree to which adverse effects 


are a problem. 


Methods 


Overall design: Elderly men and women who met eligi- 


- bility criteria at 4 baseline examinations were randomized in 
- a double-blind fashion to chlorthalidone or matching placebo. 


_ Those who did not respond adequately to 1 capsule daily of 
this step I drug (25 mg of chlorthalidone) progressed se- 


quentially to 2 capsules daily and to step II drugs or placebo. 


- The outcome variables were the compliance with the treat- 


Er d 


. ment protocol, the BP response and the adverse effects of 


- medication. 


Recruitment: The recruitment of study participants in 


the 5 clinical centers has been described in detail!!-!4 and is 


- summarized briefly herein. A total of 27,199 men and women 


- aged 60 or older volunteered to have 3 BP measurements 
- during screening examinations carried out in various com- 


munity sites;!^ 16,629 (61%) reported that they were not 


- receiving antihypertensive medication and 2,601 (16%) of 
- these met the BP criteria for attending the first baseline 


clinic visit (systolic BP 160 to 239 mm Hg and diastolic BP 


. less than 100 mm Hg). Of these 1,834 (71%) attended this 
- first visit. A surprisingly large proportion of those screened 
-. (39%) reported current use of antihypertensive drugs; 1,899 


of these were invited and 696 agreed to a carefully supervised 


withdrawal of medications. Of these, 308 became eligible for 
the first clinic visit and 125 were randomized. 
. Three baseline clinic visits were used to identify the par- 


` ticipants who were subsequently randomized into the study. 


In addition to the BP criteria at each of these visits (systolic 


— BP 150 to 239 mm Hg and diastolic BP less than 95 mm Hg 


at each of the first 2 clinic visits; systolic BP 160 to 219 mm 
Hg and diastolic BP less than 90 mm Hg at the third clinic 
visit), eligibility requirements included geographic stability 


- and absence of the following: coronary bypass surgery within 


2 years or heart attack within 6 months; stroke with residua; 
current treatment with antihypertensive drugs, insulin or 
anticoagulants; allergy to study medications; specified ar- 
rhythmias or a pacemaker; uncontrolled congestive heart 
failure; serum creatinine level of 2.0 mg/dl or more; alcohol 
abuse; cancer or other life-threatening disease; chronic ob- 
structive pulmonary disease; peripheral vascular disease with 
tissue injury; senile dementia; residence in a nursing home; 
carotid bruit with history of transient ischemic attacks; and 
history of malignant hypertension. Of the 2,130 participants 


geen at the first clinic visit, 551 (26%) reached the third clinic 


visit and were randomized, 422 (2096) were eligible but refused 
participation, 967 (45%) failed BP criteria (almost always 
because systolic BP was not high enough), 116 (5%) failed 
other explicit eligibility criteria and 74 (4%) were excluded by 
clinical judgment. Overall yield from screening to randomi- 


zation was 2%. 


Hypothesis, sample size and randomization: The writ- 


ten a priori hypothesis stated that participants in the step 


I active drug treatment group would have a lower mean sys- 
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tolic BP than those in the step I placebo group after 1 year of 
follow-up. We specified an “intention to treat” rule (with 
study groups divided by the randomized assignment regard- 
less of subsequent crossovers) and a plan for replacing any 
missing annual visit BP with the last available value. The 
designated sample size of 500 had a power of 0.90 to detect a 
mean difference in systolic BP of 6 mm Hg at a 1-tailed a 
of 0.05. 

Each randomization was carried out by telephone between 
the clinic staff and the coordinating center data manager, who 
checked that eligibility criteria were met before assigning the 
participant to chlorthalidone or placebo. The ratio of as- 
signment to these 2 groups was 4:1 to increase the number of 
participants who would receive an active step II drug and the 
power for contrasts among them. We used an adaptive ran- 
domization procedure that varied treatment assignment 
probabilities by 10% in one or the other direction in order to 
balance the step I study groups within race, sex, age and 
baseline systolic BP strata.!® 

Blood pressure treatment: Upon randomization into the 
study, participants entered the step-up protocol and received 
25 mg/day of chlorthalidone or placebo (supplied as identical 
capsules by USV Pharmaceutical Corp.). Clinic visits were 
then scheduled at 4-week intervals unless the participants 
achieved goal BP (systolic BP less than 160 mmHg or 20 mm 
Hg below the baseline level, whichever was lower) for 2 con- 
secutive visits, after which “maintenance” visits were sched- 
uled at 8-week intervals. If BP had not reached goal after 4 
weeks and if no adverse effects had occurred, the dosage was 
increased to 2 capsules of chlorthalidone or placebo daily. 
Twelve weeks after randomization, participants receiving 
chlorthalidone who had not reached goal BP were randomized 
to 1 of 4 step II drugs (reserpine, 0.05 mg twice daily; me- 
toprolol, 50 mg twice daily; hydralazine, 25 mg twice daily; or 
matching placebo twice daily) (supplied by Ciba-Geigy). 
Participants receiving step I placebo who had not reached 
goal underwent a dummy randomization, and all received 
step II placebo twice daily. Twelve weeks later, the dosage 
for participants who still had not reached goal was doubled. 

Participants on the maintenance schedule whose BP in- 
creased above goal for 2 consecutive visits were returned to the 
step-up schedule. Participants whose BP reached “escape” 
levels (that is, systolic BP of 220 mm Hg or higher or diastolic 
BP 100 mm Hg or higher at any visit) were seen at weekly in- 
tervals and stepped-care medications were advanced at an 
accelerated schedule until the BP fell below these levels or the 
participant reached step II, dose 2 and SHEP medications 
were discontinued in favor of open treatment with known 
drugs. 

Outcome variables: Blood pressure was measured with 
a random 0 mercury manometer after participants had been 
sitting in a quiet room for 5 minutes. Systolic BP was defined 
as the first point at which sounds were recognizable, and di- 
astolic BP as the point when sounds ceased to be heard. Two 
measurements were made at each visit by staff trained and 
certified in the procedures, and the mean was used to repre- 
sent that visit. BP measurements were subjected to an ex- 
tensive quality control program, including periodic recertifi- 
cation of the technicians, site visits by the quality control 
coordinator and periodic inspection of the data for low pre- 
cision and digit preference. 

Compliance with the SHEP treatment protocol was mea- 
sured by capsule count, by self-report and by urine tests for 
the presence of chlorthalidone, using methods that have been 
described.!6 We also examined the rate at which SHEP 
medications were terminated in each of the study groups, and 
assessed the participants' adherence to the regular treatment 
visit schedule. 
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TABLE I 


Demographics 
Aged >70 years 
Women 
Non-white 
Married 
College educated 
Employed 

Habits 


Current cigarette smokers 
Alcohol more than twice a week 
Living alone 
Medical history 
Antihypertensive treatment in the past 
Myocrdial infarction in the past 
Stroke in the past 
Current angina 
Current medications 
Digitalis 
Nitrates 
Hypoglycemic agents 
Librium, valium 
Estrogen 
Aspirin at least 4 times/week 
Physical examination 
Systolic BP, mean + SD (mm Hg) 
Diastolic BP, mean + SD (mm Hg) 
Heart rate, mean + SD (beats/min) 
Weight, mean + SD (Ibs) 
Abnormal fundi 
Carotid bruit 
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Characteristics of the Randomized Cohort at Baseline by Study Group 


Study Group 
Chlorthalidone Placebo Significance of 
(n = 443)* (n = 108)* Difference! 
60% 65% 
63% 64% 
18% 20% 
50% 47% 
25% 23% 
13% 13% 
11% 14% 
20% 16% 
41% 45% 
46% 50% 
5% 2% 
1% 1% 
2% 6% p = 0.02 
2% 0% 
2% 2% 
3% 4% 
5% 5% 
2% 2% 
26% 26% 
172+ 11 174+ 11 
75 9 77 8 
74 t 11 76+ 13 
159 + 32 158 + 30 
34 96 26 96 
596 1096 p = 0.04 


* Participants were randomized at step | in a ratio of 4:1 (chlorthalidone:placebo) to increase the number 
who would be available for subsequent randomization to step Il active drugs. In this report only the results 


classified by step | randomization are reported. 


t Nominal p values for the contrasts between study groups were computed by x? test (Fisher's exact 
for contrasts with an expected n of 5 or less in any 1 cell) or a 2-tailed t test. No adjustment for multiple 
comparisons was made. The p values are given only for contrasts with p «O0. 10. 


BP = blood pressure; SD = standard deviation. 


Symptoms that might represent adverse effects were as- 
sessed at every clinic visit by asking participants if they had 
felt unwell in any way since the prior clinic visit. At the 
baseline visit, the 1-month visit and the annual visit, the 
clinician also asked whether the participant had experienced 
any of 22 specified symptoms. (At the intervening visits only 
volunteered symptoms were recorded.) The severity of each 
symptom was characterized by the participant as “not trou- 
blesome,” “troublesome” or “intolerable;” only the latter 2 
responses are presented in this report. 

Serum biochemistry levels were measured at specified in- 
tervals by Bio-Science Laboratories on a Technicon SRA-2000 
multichannel analyzer using the hexokinase method for glu- 
cose, an ion-specific electrode for potassium, the uricase 
method for uric acid and the Jaffe reaction method (with 
picric acid) for creatinine; serum cholesterol levels were 
measured with an enzymatic method on a Cotas centrifugal 
analyzer. Clinicians used their judgement about prescribing 
potassium supplements (generally Bi-K™, 15 to 30 ml/day) 
to participants with low potassium levels, and allopurinol or 
probenecid to those with high uric acid levels. A system by 
which study group assignment could be discovered by local 
clinicians in the event of emergency was used on 3 occasions. 

Data management: We developed a distributed system 
for data processing and telecommunications for the study.!? 
This system used Wang minicomputers at each center to 
maximize compliance with the treatment protocol and to 
enhance the accuracy, timeliness and completeness of the 


data. 


Results 


Characteristics of the study cohort: Of the 551 
participants in the SHEP study cohort, 443 were ran- 
domized to receive chlorthalidone as the step I drug and 


108 to receive placebo. Mean values for systolic BP and : 


diastolic BP in the chlorthalidone group at baseline 
were 172 and 75 mm Hg, respectively. These and other 
baseline variables were reasonably well distributed 
between the 2 randomized groups (Table I), although 
2 variables (angina and carotid bruit) were more com- 
mon in the placebo group at a nominal (unadjusted for 
multiple comparisons) 2-tailed p «0.05. 

Compliance: At the end of the year of observation, 
the vital status of all 551 participants was known. 
Among the 540 (98%) still alive, 93% of the chlorthali- 
done group and 97% of the placebo group attended the 


annual examination (Table II). The percentage per- _ 
manently discontinuing step I SHEP drugs was 1776in | 
the chlorthalidone group and 20% in the placebo group - 
after 1 year of follow-up; two-thirds of these termina- - 


tions occurred during the first 6 months. 


Among those still taking medications at the annual | 
visit, compliance with step I SHEP medications was . 
assessed by counting the capsules returned at each 
visit, by asking the participants whether they had - 


omitted any dosages of the SHEP medications and by 
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TABLE I| Compliance with Step | SHEP Medications After 1 Year of Follow-Up by Study 


Group 
Chlorthalidone Placebo 
Compliance in Compliance in 
Overall Those Prescribed Overall Those Prescribed 
Compliance in SHEP Medications Compliance in SHEP Medications 
Those Alive and with Those Alive and with 
at 1 Year* Complete Datat at 1 Year* Complete Datat 
Attended anniversary visit 93% 97% 
SHEP medications still 8396 8096 
prescribed 
Capsule count reveals 7196 88 96 69% 90% 
= 80% of expected 
consumption since prior | 
visit | 
Participants report taking 76% 91% 71% 89% 
all capsules in past 
week 
Urine chlorthalidone 72% 86% 
present 


* Vital status was established for all 551 participants, and the 540 (98%) who were alive after 1 year 
of follow-up are the denominator for the overall compliance columns. 
t The denominator for these columns exclude the participants whose SHEP medications have been 


terminated and also those with incomplete compliance data (2% of the chlorthalidone and 3% of the 


| placebo group 
HN group for the urine tests). 


for the capsule counts, none of either group for the self-reports and 496 of the chlorthalidone 


SHEP = Systolic Hypertension in the Elderly Program. 


- chemically testing the urine for chlorthalidone. The 
-. results indicate that more than 85% of the participants 
in both study groups complied with their SHEP 
. prescriptions. 
.. Blood pressure response: Mean systolic BP in the 
chlorthalidone group decreased from 172 to 146 mm Hg 
- during the first month of treatment, and there was a 
small further decline over the year of follow-up (Fig. 1). 
_ In the placebo group, mean systolic BP decreased to a 
- lesser extent, leaving a net difference between the ran- 
- domized groups that ranged from 10 to 13% during the 
_ year. (The early decline in the placebo group is attrib- 
. uted chiefly to regression to the mean.) Mean diastolic 
. BP also fell during the first month of treatment (from 
_ 75 to 70 mm Hg) and the contrast between randomized 
groups ranged from 5 to 8% during the year. 
= The 17 mm Hg difference in mean systolic BP be- 
. tween randomized groups after 1 year of follow-up, the 
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- FIGURE 1. Intention-to-treat analysis of mean systolic blood pressure 
(BP) (upper curves) and diastolic BP (lower curves). Data represent the 
visit closest to the indicated time from randomization, within abutting 
windows of + 1.5 months (+ 0.5 for the 1-month data), and with 
adjustment for missing data as in Table Ill. 


point in time specified in our 1-tailed intention-to- 
treat hypothesis, was highly significant (p <0.001). 
Stratification revealed no major differences in the 
magnitude of BP response in various age, race and sex 
subgroups (Table III). An analysis that was not by 
intention to treat, i.e., restricted to participants who 
were taking SHEP medications at annual visit, also 
revealed a difference of 17 mm Hg for systolic BP and 
6 mm Hg for diastolic BP. 

The distribution of individual BP responses at annual 
visit (Fig. 2) shows that the response to treatment was 
uniform. Among those still taking chlorthalidone at 
annual visit, 88% had not required a step II drug, and 
56% were still at the lower (25-mg) dosage. In the pla- 
cebo group, in contrast, 56% of participants taking 
SHEP medications at annual visit had advanced to step 
II (placebo) medication. 

BP escape (systolic BP 220 mm Hg or higher or dia- 
stolic BP 100 mm Hg or higher) occurred in 4 (1%) 
participants assigned to chlorthalidone and 8 (7%) 
participants assigned to placebo. The BP returned to 
satisfactory levels in all, although 3 of the chlorthalidone 
and 4 of the placebo participants terminated their 
SHEP medications and began taking drugs prescribed 
by their personal physicians. 

Symptoms: One month after beginning SHEP 
medications, the aggregate prevalence of reporting 1 or 
more troublesome or intolerable symptoms was similar 
to the baseline finding (about one-third in both study 
groups) and no symptom was significantly more com- 
mon in the chlorthalidone group (‘Table IV). After 1 year 
of follow-up, the aggregate prevalence had increased 
somewhat, but remained comparable in the 2 study 
groups. An analysis restricted to those still taking SHEP 
medications also revealed no significant excess at 1 year 
in the chlorthalidone group. Problems in sexual function 
were reported by 6% of the men in the chlorthalidone 
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TABLE Ill Blood Pressure After One Year of Follow-Up by Age, Sex, Race and Study Group—intention-to-Treat Analysis 
Adjusted for Missing Data 





No. of Participants* Systolic BP (mm Hg) Diastolic BP (mm Hg) 


Chlorthalidone Placebo Chlorthalidone Placebo Difference Chlorthalidone Placebo Difference 

Age 60-69 176 38 140 159 197 70 78 8* 

70-79 200 56 142 158 16! 67 72 54 

80+ 67 14 142 160 18t 63 70 E 
Women 279 70 142 158 16t 66 72 6* 
Men 164 38 139 158 197 69 76 7* 
White 365 87 141 157 16! 68 74 6* p 
Non-white 78 21 142 165 231 67 71 4 i 
Overall 443 108 141 158 171 68 74 6* $. 





All statistics are computed by study group assignment, regardless of whether the participant continued to take SHEP medications. 


* The measured BP was used for those attending the annual visit (n = 401 in chlorthalidone and n = 104 in placebo groups), and the closest- ? 


pioceding value was substituted for those who did not attend. 
d «0.01 (1-tailed not adjusted for multiple comparisons). 


blood pressure; SHEP — Systolic Hypertension in the Elderly Program. 


group and none of the men in the placebo group, but the 
contrast did not reach statistical significance. 

Events that were believed possibly drug-related by 
the blinded SHEP clinicians contributed to the decision 
to terminate SHEP medications in 7 participants as- 
signed to the chlorthalidone group (3 had dizziness on 
standing, 1 syncope on standing, 1 a rash, 1 hypergly- 
cemia and 1 complained of problems in sexual function) 
and in 2 participants assigned to the placebo group (1 
developed asthma and 1 had blood pressure escape). 

Serum biochemistry levels: After 4 weeks of SHEP 
medications, mean potassium levels had fallen from 4.5 
to 3.9 mEg/liter in the chlorthalidone group (p <0.001) 
and remained unchanged (at 4.4 mEq/liter) in the pla- 
cebo group. Levels below 3.5 mEq/liter occurred in 21% 
of the chlorthalidone group, and levels below 3.0 mEq/ 
liter in 1%. By the annual visit clinicians had elected to 
prescribe potassium supplements to 13% of the chlor- 
thalidone group and 4% of the placebo group (all of the 
latter had terminated SHEP medications and been 
given a diuretic drug by their personal physicians). The 
mean potassium level and prevalance of hypokalemia 
were similar to the 1-month values (Table V). Of the 
16% with levels below 3.5 mEq/liter in the chlorthal- 


Chlorthalidone Placebo 


240 


200 200 


SBP 

after 160 
One Year 
(mm Hg) 


160 


120 120 





80 | 
160 200 240 160 200 240 


SBP at Baseline (mm Hg) 


FIGURE 2. Individual values for systolic blood pressure (SBP) at baseline 
and 1 year after starting chlorthalidone therapy (left, n — 401) or placebo 
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| (right, n = 104). 
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idone group, 46% were at the 50- mg/day dosage a 
The distribution of individual responses is shown i in. i 5 


Figure 3. 

Serum creatinine level after 1 year of follow-up was - 
slightly higher in the chlorthalidone group (1.10 vs 1. 02 
mg/dl, p = 0.02), and the proportion with a serum - 
creatinine level 2.0 mg/dl or greater increased slightly in - 


both groups (possibly owing to regression to the mean, ~ 
because a level below 2.0 mg/dl was a requirement for — 
entering the study). Only 1 person reached a level above 
3.0 mg/dl; this patient, whose level was 4.5 mg/dl, was 4 


in the chlorthalidone group. 


Serum uric acid level was substantially higher in the z 
chlorthalidone group at annual visit (6.8 vs 5.9 mg/dl, 


p <0.001), but acute gout developed in only 1 chlor- 


thalidone-treated person. Serum cholesterol levels were _ 
not significantly altered by the treatment assignment. _ 
The nonfasting serum glucose level was slightly high- 
0.09), and there 
was 1 instance of glucose intolerance that required _ 


er in the chlorthalidone group (p = 


treatment. 


Discussion 


We conclude that chlorthalidone treatment of elderly F 


patients with isolated systolic hypertension is accept- 


able to most and produces a substantial lowering of BP. 
These conclusions from our randomized double-blind — 
study are compatible with the similar findings of the © 
European Working Party High Blood Pressure in the © 


Elderly Trial,!? the results of nonrandomized studies 


(mEq/L) ` 
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FIGURE 3. Serum potassium (K) levels at baseline and 1 year after - 
starting chlorthalidone therapy (left, n = 399) or placebo (right, - 
n = 102). " 
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TABLE v "dun Benini Valudi at Bassi and After One Year of FokbacUs by y Study Group | Cales 3 es 2 ^ s 








Eo Baseline 1 Year E 
| DE aid B. T 
|, Chlorthalidone Placebo Chlorthalidone Placebo Significance - 
i (n = 443)* (n = 108) (n = 399)* (n = 102)* of Difference - E 
Serum potassium (mEq/liter) p. ie 
Mean + SD 44+0.4 44+0.4 3.9+ 0.5 45+0.4 <0. 001 
| 96 «3.5 1.396 0.9 96 15.7 96 0.996 «0.001 — E d 
A : . 96 «3.0 0 1.596 0 ^. DT NN 
A... Serum creatinine (mg/dl) E. 
Mean + SD 1.05 + 0.21 1.04 + 0.22 1.10 + 0.32 1.02 + 0.22 0.02 du 
| 9622.0 0 0 1.796 0.996 EE 
Serum uric acid (mg/dl) E 
Mean + SD S452 5.6 X: 1.3 6.8 + 1.5 5.9 + 1.4 <0.001 B 
Serum glucose (mg/dl) z JA 
Mean + SD 110 + 35 108 + 33 111+ 40 104 + 28 0.09 C 
Serum cholesterol (mg/dl) EU 
Mean + SD 238 + 42 242 + 39 238 + 46 243 + 41 DEC 


* The number of observations (slightly smaller at 1 year than the number attending clinic because of 5 missing sera) are for all biochemistry 
values except cholesterol, for which the number at baseline was 439 and 108, and at 1 year 385 and 98, in the chlorthalidone and placebo — 


groups, respectively. 


Statistical significance of the contrasts between study groups was computed as in Table |, and is shown in the table if nominal 2-tailed p <0. 10; 


. none of the contrasts at baseline reached this level of significance. 
SD = standard deviation. 


of isolated systolic hypertension treatment in the el- 

derly!?-? and the results of randomized but non-dou- 
— ple-blind trials of diastolic hypertension treatment in 
^ the elderly.?!2? 

Although the level of compliance in our study was 
high, it is difficult to estimate how this would translate 
to ordinary treatment in the general population. Our 
choice of relatively healthy and well-motivated volun- 
teers may have enhanced the degree of compliance. 
However, some instances of discontinuation of SHEP 
medications may have been a result of participants' 
concerns about the possibility that they were receiving 
a placebo. 

An unanticipated finding was the efficacy of chlor- 
thalidone as a sole drug for lowering BP; among those 
still receiving SHEP medications at the annual visit, 

88% had reached goal without recourse to step II drugs, 
and usually required only 25 mg/day. Even lower doses 
may be effective, and we will be reporting on dosage 


PRE 


reduction to a level of 12.5 mg/day of chlorthalidone in 
-~ a study carried out during the second and third years 
of follow-up. 
— — A common biochemical effect of chlorthalidone was 


— hypokalemia, with potassium levels below 3.5 mEq/liter 
in about one-fifth of the chlorthalidone-treated group. 
SHEP clinicians elected potassium supplementation 
for many of these participants. Potassium levels below 
3.0 mEg/liter were rare, however, and the clinical 
importance of the moderate chlorthalidone-induced 
potassium depletion observed in this and other studies 
of diuretic drugs??-?? is uncertain. Some studies?4?6 of 
diuretic treatment show an increase in the rate of ven- 
tricular premature complexes and other arrhythmias, 
while others??? have not; in either event, the evidence 
that this may be linked to sudden death or other serious 
ar clinical events remains uncertain,???? controversial,?! 
and limited to younger age groups than the population 
. reported here. 
3 A Another biochemical effect of chlorthalidone was a 
. substantial increase in mean serum uric acid levels. This 
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is a well-known metabolic consequence of d EN k 
treatment,!9?! which occasionally causes acute gout (3 
such case was observed here) but otherwise has no | E: 
known clinical implication. A third biochemical effect - p 
was a small (0. 08 mg/dl) increase in mean serum creat- - 
inine level in the group receiving chlorthalidone. A3 l 
change of similar magnitude, of uncertain clinical in a 
portance, has been observed previously. 18,21 We did not — 
observe the small increase in serum cholesterol level - c 
that has been noted in other populations.?3:32 y 
Although our study did not detect an excessive rate 
of symptoms or morbid events in the chlorthalidone _ 
group, this does not establish that the treatment is safe. _ 
This study was too small to reveal either a beneficial = "d 
an adverse effect of treatment on disease events during - 
the first year of follow-up. We will be reporting on the  . 
disease event trends observed in this feasibility study a 
when the 3-year follow-up period is completed. The . 
results from the SHEP main trial will be available i in E: 
about 5 years. CEN 
In the meantime, the inference that the increased risk | 
of coronary heart disease and stroke in patients with | E; 
isolated systolic hypertension can be reduced by 
treatment is supported by analogy with the beneficial 1 
response in clinical trials of treating diastolic hyper- Y 
tension in populations up to age 70 years?!?2, and 
older.?? However, serious adverse effects are possible - 
under some circumstances.999?4 The advisability of — 
drug treatment for isolated systolic hypertension in EP 


3 


elderly populations remains uncertain.! i 


- 
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Doppler Evaluation of Left Ventricular Diastolic Filling 
in Children with Systemic Hypertension 


A. REBECCA SNIDER, MD, SAMUEL S. GIDDING, MD, ALBERT P. ROCCHINI, MD, 
AMNON ROSENTHAL, MD, MACDONALD DICK ll, MD, DENNIS C. CROWLEY, MD, 
and JANE PETERS 





To assess left ventricular (LV) diastolic function in 
children with systemic hypertension, 11 patients 
with hypertension (mean blood pressure 99 mm Hg) 
and 7 normal patients (mean blood pressure 78 mm 
Hg) underwent M-mode echocardiography and 
pulsed Doppler examination of the LV inflow. From 
a digitized trace of the LV endocardium and a si- 
multaneous phonocardiogram, echocardiographic 
diastolic time intervals, peak rate of increase in LV 
dimension (dD/dt), and dD/dt normalized for LV 
end-diastolic dimension (dD/dt/D) were measured. 
Doppler diastolic time intervals, peak velocities at 
rapid filling (E velocity) and atrial contraction (A 
velocity), and the ratio of E and A velocities were 
measured. The following areas under the Doppler 
curve and their percent of the total area were de- 
termined: first 33% of diastole (0.33 area), first 
50% of diastole, triangle under the A velocity (A 
area), and the triangle under the E velocity (E area). 
The A velocity (patients with hypertension = 0.68 
+ 0.11 m/s, normal subjects = 0.49 + 0.08 m/s), 


the 0.33 area/total area (patients with hypertension — 
= 0.49 + 0.09, normal subjects = 0.58 + 0.08), the — 
A area (patients with hypertension = 0.17 + 0.05, | 
normal subjects = 0.12 + 0.03), and the A area/total - 
area (patients with hypertension = 0.30 + 0.11, nor- . 
mal subjects = 0.20 + 0.07) were significantly differ- : 
ent between groups (p <0.05). M-mode and Doppler — 
time intervals, (dD/dt)/D, E velocity, and the remain- — 


ing Doppler areas were not significantly different be- 
tween groups. The normal subjects and patients with 
hypertension did not differ significantly in echocardio- 


graphic LV size and thickness or in percent shortening- 


fraction. This study shows that abnormal patterns of 
LV diastolic filling occur in children with mild systemic 
hypertension. These diastolic abnormalities are de- 
tectable by mitral valve Doppler ultrasound examina- 
tion when standard M-mode echocardiographic in- 
dexes of diastolic function are still normal and before 


the development of systolic function abnormalities or — 


LV hypertrophy on the M-mode echocardiogram. _ 
(Am J Cardiol 1985;56:921-926) 





Several recent echocardiographic and radionuclide 
studies have demonstrated left ventricular (LV) dia- 
stolic filling abnormalities in patients with a variety of 
cardiac diseases, including coronary artery disease, 
hypertrophic cardiomyopathy and systemic hyperten- 
sion.-1? With the use of noninvasive indexes of LV 
relaxation and filling, these studies have shown that 
diastolic dysfunction often precedes systolic dysfunc- 
tion and is often detectable in asymptomatic pa- 
tients.^^!4^ Some investigators have suggested that dià- 
stolic abnormalities are a characteristic finding in adult 
patients with early hypertensive heart disease.46:10.12 
In this study we assessed LV diastolic function in a 
group of children with mild systemic hypertension using 
the noninvasive techniques of M-mode and Doppler 
echocardiography, identified the most sensitive Doppler 
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indexes of LV relaxation, and compared the M-mode 
and Doppler techniques in their ability to detect early 
abnormalities of diastolic compliance. 


Methods 


Patients: The patient group included 11 children with - 


systemic hypertension and 7 normal children. The normal 


group consisted of 3 girls and 4 boys who had no evidence of — 


heart disease on physical examination or on M-mode and 2- 
dimensional echocardiography. They were 10 to 18 years old 
(mean 15) and weighed 41 to 73 kg (mean 64). The systolic 
blood pressure of the normal group at the time of the echo- 
cardiographic studies was 111 + 8 mm Hg (mean + standard 
deviation); the diastolic blood pressure was 62 + 8 mm Hg. 
The systemic hypertension group consisted of 6 girls and 
5 boys who were randomly selected from the outpatient hy- 
pertension clinic. They were 1.4 to 17 years (mean 11) and 
weighed 8.9 to 75 kg (mean 42). The systolic blood pressure 
of the hypertension group at the time of the echocardiographic 
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studies was 131 + 13 mm Hg; the diastolic blood pressure was _ 


82 + 14 mm Hg. In the hypertension group, 7 children had. 
essential hypertension, and 1 each had William's syndrome, | 


primary aldosteronism, previous repair of coarctation of the 


aorta and atrophic pyelonephritis. The time interval from the — - 
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FIGURE 1. M-mode echocardiogram of the left ventricle (LV) with si- 
multaneous phonocardiogram and electrocardiogram. Aortic valve 


- closure (Az) is the first high-frequency component of the second heart 
. sound. C = mitral valve closure point; D = mitral valve leaflet separa- 
— tion point; S, — first heart sound; Sept — septum. 


- first recorded elevation of the blood pressure to the echocar- 


diographic study ranged from 1 day to 12 years; mean duration 
of known hypertension was 2.4 years. At the time of the 


 echocardiographic study, 5 patients with hypertension were 


receiving no medications, 5 were taking diuretic drugs, 3 were 


. receiving 6-blocking drugs, 1 was taking captopril and 1 was 
_ taking hydralazine. 


Echocardiographic examination: Each patient under- 


. went an M-mode echocardiographic examination with a si- 
— multaneous phonocardiogram and a pulsed Doppler exami- 


nation of the LV inflow. M-mode echocardiograms of the left 


ventricle were generated from the 2-dimensional sector 


scanner (Advanced Technology Laboratories Mark 600, 


-— 
Dd 


3-MHz transducer) using a cursor line positioned at the free 
edges of the mitral valve leaflets in the parasternal short-axis 
view (Fig. 1). An unfiltered phonocardiogram was obtained 
from the second left intercostal space and was recorded si- 


. multaneously with the M-mode echocardiogram and an 
- electrocardiogram at a paper speed of 50 mm/s. A record was 


considered adequate for analysis only when the septal and 
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posterior wall echoes and the time point D of mitral leaflet 
separation could be clearly identified for at least 3 entire 
cardiac cycles. Using a hand-controlled pen and a micropro- 
cessor system (Digisonics), the echocardiograms were digitized 
by tracing the endocardial echoes of the septum and the 
posterior wall.!?-!7 From the digitized tracings, a computer 
printout of the absolute values of the LV minor axis dimension 
and the rate of change of this dimension with respect to time 
was available at 3-ms intervals. 

From the M-mode echocardiograms, the septum, LV pos- 
terior wall and LV dimension were measured at end-diastole 
at the onset of the QRS wave.!? LV dimension at end-systole 
was measured as the smallest systolic dimension from the 
digitized recording. The shortening fraction, the peak rate of 
increase in dimension (dD/dt), and the peak rate of increase 
in dimension normalized for LV end-diastolic dimension 
(dD/dt/D) were recorded. The normalization of the length- 
ening velocity, achieved by dividing the peak dD/dt by the LV 
end-diastolic dimension, allowed comparison of lengthening 
velocities between different-sized ventricles.!’ The following 
time intervals were measured from either the original M-mode 
echocardiogram or the digitized tracings?!?: 

1. The cardiac cycle length was measured as the time in- 
terval between the peaks of 2 successive R waves on the elec- 
trocardiogram. 

2. The isovolumic relaxation time was measured from the 
first high-frequency deflection of the aortic closure sound to 
the initial separation or D point of the mitral valve leaflets. 

3. Protodiastole was measured from the point when 
—dD/dt reaches 0 (the minimum LV systolic dimension) to 
the aortic closure sound. 

4. The total relaxation time was measured from the mini- 
mal LV systolic dimension to the point when dD/dt decreases 
to 5096 of its peak value. This latter point corresponds roughly 
to the transition between the rapid filling and slow filling 
phases of diastole.?:!7 

5. The relaxation time was defined as the time from the 
minimal LV systolic dimension to peak dD/dt. 

6. The rapid filling period was calculated as total relaxation 
time minus (isovolumic relaxation time + protodiastole). 

Doppler examination: Immediately after M-mode ex- 
amination, each patient underwent a range-gated pulsed 
Doppler examination of the LV inflow tract. Using the apical 
4-chamber view, the Doppler cursor line and sample volume 
were placed in the mitral valve funnel at an angle as nearly 
parallel to flow as possible (Fig. 2). The sample volume posi- 
tion was adjusted so as to record the maximal velocity through 
the mitral valve. This point was usually found at the level of 


FIGURE 2. Pulsed Doppler spectral recording 
from the left ventricular inflow. The freeze- 
frame image of the apical 4-chamber view 
(left) shows the position of the sample volume 
(white arrow) on the Doppler cursor line at the 
time of the recording. The mitral valve Doppler 
spectral tracing (right) shows forward flow 
toward the transducer and above the baseline 
(B) during rapid ventricular filling (E) and atrial 
contraction (A). C = time point of mitral valve 
closure; LA = left atrium; LV = left ventricle; 
0 = time point of mitral valve opening; RA = 
' right atrium; RV = right ventricle. Orientation: 
== = A = anterior, R = right. 





ta: 






WIS "cmm TUUSGNY ae B 
h x * qu LI GT E ee ^ oe 
d SET eS. `r x4 «* E z - 


dp es | ON ay STATS SET AR i 
"e wg» iet S. c s d A J w 
gi OS 3 f: us Pt y X 


the mitral anulus.!%?° All Doppler AEREN were recorded 
with a 3.0-MHz transducer and a paper speed of 50 mm/s. The 
Doppler waveform was displayed with frequency shift on the 
vertical axis, time on the horizontal axis, and amplitude of the 
signal as shades of gray. Signals from blood flowing toward the 
transducer were displayed above the baseline and signals from 
blood flowing away from the transducer were displayed below 
the baseline. A Doppler examination was considered adequate 
for analysis only when the opening and closure points (0 and 
C points) of the mitral valve and the peak velocities at rapid 
ventricular filling (E point) and during atrial contraction (A 
point) could be identified for at least 3 cardiac cycles. The 
following Doppler time intervals were measured: the R to R 
interval, the time between the 0 to C points, 0 to E points, 0 
to A points, the time between the 0 point and the point 
where the velocity decreases to 50% of its peak E value 
(which would be expected to correspond to the rapid filling 
period), the pressure half-time,?! and the time between the 0 
point and the point where the velocity decreases to the value 
of peak E/1.4. This latter point (where the velocity de- 
creased to peak E/1.4) represents the time at which the LV 
diastolic pressure decreases to one-half of its peak value dur- 
ing rapid ventricular filling.2! The interval between the 0 
point and peak E/1.4 was included as another technique for 
measuring the rapid filling period. Also, from the Doppler 
spectral tracing, the peak E velocity, the peak A velocity, 
and the ratio of the peak E and peak A velocities were 
determined. 

Because of the changes in the mitral valve cross-sectional 
area that occur throughout diastole, determination of the 
absolute volumetric flow in the different portions of diastole 
would be extremely difficult. T'herefore, the Doppler patterns 
of LV filling were examined by integrating several areas under 
the Doppler spectral tracing (Fig. 3). The measured areas 
included the total area under the curve in diastole or the ve- 
locity time integral, the area under the curve for the first 50% 
of diastole, and the area under the curve for the first 33% of 
diastole (0.33 area). The E area and the A area were measured 
as the triangular portion under the Doppler curve formed by 
extrapolating a straight line down from the peak E and peak 
A velocities to the baseline. To determine the percent of the 
total velocity time integral occupied by the individual areas 
and to normalize the data for differences in preload and dia- 
stolic cycle lengths among the patients, each individual area 


© . was divided by the total area to obtain the area fractions: 


individual Doppler area 


Area fraction = 
total Doppler area 


All Doppler areas were measured using a hand-controlled 
crosswire cursor and a microprocessor system (Microsonics 
CAD 888) with a spatial resolution of 0.1 mm. The recordings 
were traced along the densest portion of the Doppler curve and 
were extrapolated through the area of the wall filter setting 
to the baseline. 

Data analysis: All M-mode and Doppler measurements 
reported are the average of 3 or more cardiac cycles. Statistical 
comparisons between the normal group and the hypertension 
group were made using an unpaired t test. A 2-tailed p value 
«0.05 was used to indicate a significant difference between 
groups. All values are reported as mean + standard deviation. 
The relation between 2 variables was assessed by linear 


. regression analysis; p «0.05 was considered a significant 


correlation. 

The beat-to-beat variation coefficients for selected diastolic 
measurements were calculated from 3 successive cardiac cycles 
of 6 studies (3 normal subjects and 3 patients with hyperten- 
sion). T'he variation coefficients were: isovolumic relaxation 
time, 8.8%; (dD/dt)/D, 6.5%; the total area under the Doppler 
Ave. 2.4%; the Doppler 0.33 area, 4.9%; the A area, 3.8%, the 
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Blood Pressure and Left Ventricular 
Measurements in Normal Subjects and 


TABLE | 





Patients with Hypertension at j 

Normal Patients with T 

Measurement Subjects Hypertension p Value A 

2" 4 

Systolic BP (mm Hg) 11148 131413 0.004" 
Diastolic BP (mm Hg) 62+ 8 82+ 14 0.006" 
LVDD (cm) 5.11 £0.45 4.3641.02 0.09 "ae 
LVSD (cm) 3.04 + 0.43 252+065 0.08 ia 
SF 0.41 +0.06 0.420 0.05 0.55 T 
LVPW (cm) 0.81 + 0.16 — 0.79 £0.19 0.77 4 
Septum (cm) 0.77 40.13 0.76+0.20 0.89 A 
* Statistically different between groups at the 596 level. EDS 
Values are mean + standard deviation. I. 


BP — blood pressure; LVDD - left ventricular end-diastolic dimen- Sy 
sion; LVPW = left ventricular posterior wall thickness; LVSD = left 
ventricular end-systolic dimension; SF = shortening fraction. 
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peak A velocity, 4.2%. To determine the interobserver vari- | je 
ability, 6 records (3 normal subjects and 3 patients with hy- 4 
pertension) were analyzed independently by 2 observers. T E 
mean percent error between the 2 observers [(first observer - 

— second observer)/average of both observers] X 100, was 

as follows for selected diastolic measurements: isovolumi 
relaxation time, 9.8%; (dD/dt)/D, 4.9%; the total area under — - 
the Doppler curve, 2.8%; the Doppler 0.33 area, 2.4%; the A. pus 
area, 3.8%; and the peak A velocity, 2.1%. 


Results 


A significant difference was found in the systolic - » 
and diastolic blood pressures between the 2 groups D 
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FIGURE 3. Areas measured from the mitral valve (MV) Doppler re- m 
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M-Mode Echocardiographic Measurements 





E ce Normal Patients with 
. . Measurement Subjects Hypertension p Value 
RR interval (s) 0.88 +0.12 0.78: 0.20 0.28 
-|sovolumic relax. time (s) 0.03 30.01 — 0.042 0.01 0.08 
. Total relax. time (s) 0.106 40.04 — 0.14 4 0.05 0.57 
. Relax. time (s) 0.10 +0.04 0.08+0.04 0.22 
E Rapid filling period (s) 0.10 +0.06 0.12+0.07 0.67 
Peak dD/dt (cm/s) 10.44 + 2.50 10.88 + 4.30 0.80 
2.09 +0.34 2.66 +0.94 0.14 


4d IgA D (s^!) 


ki Values are mean + standard deviation. 

|... dD/dt- rate of increase in left ventricular dimension in diastole; 

: (dD/dt)/D — peak rate of increase in left ventricular dimension nor- 
malized for end-diastolic dimension; relax. — relaxation; RR — cardiac 

perve length. 


P TABLE I| Mitral Valve Doppler Measurements 














ee Normal Patients with 
i . Measurement Subjects Hypertension p Value 
RR interval (s) 0.94 + 0.21 0.77 + 0.14 0.06 
0 to C (s) 0.52 + 0.20 0.36 + 0.11 0.06 
.O to E (s) 0.10 + 0.01 0.08 + 0.02 0.09 
. Oto A (s) 0.47 X 0.21 0.31 € 0.10 0.06 
ls. to E/2 (s) 0.16 + 0.01 0.16 + 0.08 0.85 
— Pressure half-time (s) 0.04 + 0.01 0.03 + 0.01 0.62 
. 0 to E/1.4 (s) 0.13 + 0.02 0.11 X 0.02 0.15 
E E (m/s) 0.91 + 0.11 1.00 + 0.16 0.20 
. Peak A (m/s) 0.49 + 0.08 0.68 + 0.11 0.002* 
a Ratio peak E/peak A 1.87 + 0.39 1.52 + 0.43 0.095 


* Statistically different between groups at the 5% level. 
_ Values are expressed as mean + standard deviation. 
A= mo at atrial contraction; C = time point of mitral vaive 
p . closure; E — velocity during rapid ventricular filling; O — time point of 
. mitral valve opening; RR = cardiac cycle length. 
b 


-LV dimensions, shortening fraction or LV thickness 
—. between the 2 groups. The M-mode time intervals, 
k peak dD/dt, and (dD/dt)/D were not different be- 
— tween groups (Table II). The isovolumic relaxation 
E time was the only M-mode measurement that ap- 
. proached being significantly different between groups 
l (Table II). Similarly, the Doppler diastolic time inter- 
vals were not significantly different between groups 
: (Table III). Attempts at normalizing the M-mode and 
; Doppler diastolic time intervals by dividing the time 


E. 
ium D; however, no differences were found in the 
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FIGURE 4. The Doppler measurements that differentiated the normal 
group (nl) from the hypertension group (sh). TA = total area under the 
. Doppler curve; VEL = velocity; other abbreviations as in Figure 3. 
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TABLE IV Mitral Valve Doppler Areas 


Normal Patients with 
Measurement Subjects Hypertension p Value 
Total area 0.60 + 0.15 0.58 + 0.11 0.68 
0.50 area 0.42 + 0.14 0.38 + 0.10 0.51 
0.50 area/total area 0.69 + 0.05 0.66 + 0.07 0.28 
0.33 area 0.36 + 0.13 0.28 + 0.08 0.14 
0.33 area/total area 0.58 + 0.08 0.49 + 0.09 0.04* 
E area 0.39 + 0.10 0.40 + 0.11 0.80 
E area/total area 0.65 + 0.04 0.69 + 0.09 0.26 
A area 0.12 + 0.03 0.17 + 0.05 0.02* 
A area/total area 0.20 + 0.07 0.30 + 0.11 0.05* 


* Statistically different between groups at the 5% level. 
Values are expressed as mean + standard deviation. 
Abbreviations as in Table Ill. 


interval by the cycle length did not change these re- 
sults.!? The peak A velocity of the systemic hyperten- 
sion group was significantly higher than that of the 
normal subjects (p = 0.002). 

With regard to the mitral valve area measurements 
(Table IV), the percent of the total area in the first third 
of diastole was significantly lower in the systemic hy- 
pertension group (p = 0.04). The A area and the percent 
of the total area under the A wave were significantly 
higher in the patients with hypertension (p = 0.02 and 
0.05, respectively). With regard to M-mode and Doppler 
measurements, the only measurements that separated 
patients with systemic hypertension from normal 
subjects were the Doppler A-wave velocity, the Doppler 
A area, and the percent of the Doppler total area in the 
first one-third of diastole and under the A wave (Fig. 4). 
To determine if any of these 4 variables correlated with 
the severity of the hypertension, linear regression 
analysis was performed on the data pooled from both 
patient groups. There was no significant correlation 
between these 4 variables and systolic blood pressure, 
diastolic blood pressure, LV posterior wall thickness 
or septal thickness. Also, in the patients with hyper- 
tension, there was no correlation between the blood 
pressure and LV thickness. 


Discussion 


In adult patients with chronic hypertension, M-mode 
echocardiographic studies have shown diminished early 
peak LV diastolic filling rates, prolonged isovolumic 
relaxation time and shortened rapid filling peri- 
od.®11:12,14 Similarly, radionuclide studies in adult pa- 
tients with hypertension have revealed decreased early 
peak diastolic filling rates and decreased percent LV 
filling in the first one-third of diastole.!?.!! This study 
shows that abnormal patterns of LV diastolic filling 
occur in children with mild systemic hypertension and 
that these diastolic filling abnormalities are detectable 
by mitral valve Doppler examination when standard 
M-mode indexes of diastolic function are still normal 
and before the development of systolic function 
abnormalities or LV hypertrophy on the M-mode 
echocardiogram. 

The decrease in the percent of the total area in the 
first one-third of diastole and the increase in the percent 
of the total area under the A wave in the children with 
hypertension suggest a relative shift of LV filling to late 
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diastole.?19 The impaired LV filling in early diastole was 
accompanied by a compensatory increase in LV filling 
in late diastole (during atrial contraction) so that the 
LV end-diastolic dimension and total area under 
the Doppler curve of the hypertension group were 
normal. 

M-mode versus Doppler findings: In this study, 
abnormalities of diastolic filling were more easily rec- 
ognized by mitral valve Doppler examination than by 
M-mode echocardiographic techniques. Several ex- 
planations are possible for this difference. First, even 
though the M-mode echocardiograms were obtained 
while imaging the LV minor axis, slight variations in the 
level of the cross-sectional plane from which the echo- 
cardiogram is obtained greatly influence measurements 
of the diastolic relaxation times and filling rates.!7:?? 
Second, the M-mode measurements vary considerably 
from beat to beat and with different observers. Despite 
this variability, the echocardiographic relaxation times 
and filling rates of our normal patients were similar to 
values reported by others.?!? Third, Bahler et al!’ 
showed that the time course of diastolic relaxation is 
dependent on cardiac cycle length; however, the veloc- 
ity of relaxation is independent of cycle length. This 
factor may explain why diastolic filling abnormalities 
were more easily detectable with the Doppler indexes 
(which are velocity measurements) than with echocar- 
diographic relaxation time indexes. Bahler reported 
that the isovolumic relaxation time is the time interval 
that is most independent of cycle length." In our 
study, the isovolumic relaxation time was the only 
echocardiographic measurement that came close to 
being significantly different between the 2 groups. 
This finding further suggests that the remaining echo- 
cardiographic time indexes were influenced by heart 
rate and, therefore, were not useful in differentiating 
normal subjects from patients with hypertension. 

There was far less beat-to-beat and interobserver 
variability in the mitral valve Doppler measurements. 
We have found that good-quality Doppler recordings 
suitable for analysis are easier to obtain than good- 
quality M-mode recordings suitable for digitizing. This 
is particularly true in adult patients in whom conditions 
such as obesity and chronic lung disease may make 
parasternal echocardiographic examination extremely 
difficult. 

Factors affecting diastolic relaxation indexes: 
Diastolic indexes of LV relaxation can be influenced by 
several factors including heart rate and LV loading 
conditions.??-?^ Bahler et al!” showed that the rapid 
filling phase occupies an increasing proportion of 
diastole as heart rate increases. Studies in the intact 
heart have shown that the duration of relaxation and 
the velocity of lengthening are intimately related to the 
velocity of shortening and the inotropic state.26-30 In 
this study, differences in the diastolic filling patterns 
between the normal and the hypertension group cannot 
be explained on the basis of differences in heart rate, 
systolic function or LV loading conditions. The heart 
rates of the 2 groups were not different, either at the 
time of the M-mode examination or at the time of the 
Doppler examination. The systolic function of the 2 
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groups, as assessed by the M-mode shortening fraction, - 
was normal. The LV end-diastolic dimensions of both | 
patient groups were statistically similar, indicating no- 
intergroup differences in ventricular loading conditions. 
Also, division of the individual Doppler areas by the - 
total area under the Doppler curve and division of dD/dt — 
by the LV end-diastolic dimension normalized these — 
measurements for differences in preload. » 
Possible mechanisms and clinical implications — 
of diastolic filling abnormalities: The abnormal di- 
astolic filling noted in patients with systemic hyper- — 
tension could be a result of (1) increased LV chamber 2 
stiffness caused by LV hypertrophy with normal myo- . ia 
cardial stiffness or (2) decreased LV compliance caused - 
by myocardial dysfunction or fibrosis.!0253! The pa- 
tients with hypertension in our study showed diastolic 
filling abnormalities in the presence of normal septal 1 
and posterior wall thicknesses. Possible explanations — 4 
for this finding are that (1) diastolic abnormalities occur 
early in the course of systemic hypertension, even pre- - 
ceding development of LV hypertrophy, (2) total LV " 
mass may be increased in patients with hypertension . 
even when M-mode measurements show normal wall _ 
thickness,!? or (3) hypertrophy may have already re- 5 
gressed in the patients receiving therapy. AN 
Six patients with hypertension who were receiving _ 
antihypertensive therapy at the time of the echo-Dop- 
pler study and whose hypertension was under good 
control still had Doppler diastolic filling abnormalities. E 
Using radionuclide techniques, Inouye et al!? showed 
failure of reversal of LV diastolic filling abnormalities — 
in patients with hypertension after therapy with di- 
uretic, 9-blocking and calcium channel-blocking drugs. 
These studies suggest that there may be irreversible 
changes in diastolic filling patterns that occurearlyin _ 
patients with systemic hypertension.!?:32.33 T 
Comparison of Doppler, echocardiographic and 
radionuclide indexes of left ventricular filling: Our — 
values for the Doppler area fractions are very similar to - 
Hanrath’s values for percent dimensional increase _ 
measured from the echocardiogram and Inouye's values _ 
for first-third filling fraction measured from radionu- _ 
clide techniques.?^!?^ Hanrath et al? noted in normal ~ 
subjects that 62 + 10% of the total change in diastolic _ 
dimension occurred during the rapid filling phase of A 
diastole and 16 + 10% of the total dimensional change — 
occurred during atrial contraction (compared with — 
Doppler area fractions in our normal group of 0.58 + - 
0.08 for 0.33 area/total area and 0.20 + 0.07 for A area/ 
total area). In Hanrath's patients with hypertension, 51 
+ 12% of the total dimensional increase occurred during — 
rapid filling and 23 + 10% of the total dimensionalin-  - 
crease occurred during atrial contraction (compared  . 
with Doppler area fractions in our hypertension group  - 
of 0.49 + 0.09 for 0.33 area/total area and 0.30 + 0.11 for 
A area/total area). Likewise, Inouye et al? showed a | 
first-third filling fraction (counts in the first one-third — 
of diastole divided by the total stroke count) of 0.60 £ 
0.07 for normal subjects and 0.41 + 0.13 for hypertensive — . 
patients age-matched to control subjects (compared — . 
with 0.33 area/total area of 0.58 + 0.08 for normal  . 
subjects and 0.49 + 0.09 for hypertensive patients). Ye i 
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"These studies, using 3 different imaging and measure- 


ment techniques, all demonstrate a shift in the LV 
_ filling pattern to the latter part of diastole in patients 
_ with hypertension. 

- [n conclusion, abnormalities of diastolic filling occur 
early in children with systemic hypertension, before 
t M-mode evidence of LV hyertrophy and before clinical 


ed 


- or echocardiographic evidence of systolic dysfunction. 
: Measurement of diastolic filling patterns from the mi- 
_tral valve Doppler examination appears to be a useful 
. method of detecting early abnormalities of diastolic 
-. function. For assessing diastolic function, the Doppler 
_ area measurements appear to have less variability than 
_ the echocardiographic diastolic time intervals and filling 
_ rates and may allow earlier detection of diastolic filling 
. abnormalities. The Doppler technique should be use- 
. ful in assessing diastolic function in a wide variety of 
n clinical situations, including the patients with coro- 
. nary artery disease, myocarditis or cardiomyopathy, 
LV outflow tract obstruction and previous cardiac 
ee entation. 
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Now you can have more 
detailed depiction of cardiac 
anatomy ...better tissue 
differentiation...improved 
visualization of septal bor- 
ders and blood-filled cham- 
bers...intricate detail of 
valve leaflets...in images 
from the ULTRAMARK*8 
Ultrasound System. Because 
we've created the ultimate 
phased array for cardiac 
imaging. 

ATUs exclusive annular 
phased array with a small 
footprint scanhead incor- 
porates the most desirable 
characteristics of both 
mechanical and traditional 
phased array technology 
while overcoming their 
limitations. It electronically 
phases and focuses a unique 


transducer with 5 concen- 
tric rings to produce the 
thinnest tomographic slice 
in imaging with unparal- 
leled axial and lateral 
resolution. 

The result: higher reso- 
lution images dynamically 
focused in two dimensions 
for visualization of 
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structural detail in cardiac 
anatomy as you've never 
seen it before. 

But don't take our word 
for it—see for yourself. 

Call today to arrange 
for a demonstration— 
800-982-2011; in Washington, 
call collect: (206) 4877067. 
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E The Lewis/VA Cooperative Study' 


Protocol: A multicenter, double-blind, 
randomized, placebo-controlled trial was 
conducted to determine the effects of daily 
soluble aspirin therapy on patients with 
unstable angina. 1,266 men in 12 VA 


medical centers were followed for 12 weeks. 


Inclusion criteria: chest pain suggestive of 
unstable angina beginning the previous 
month and still present; evidence of coro- 
nary-artery disease; and absence of baseline 
.. evidence of acute M.I. Patients randomly 
© received either one tablet of Alka-Seltzer® 
dissolved in water daily for 12 weeks or 
. buffered powder alone (placebo) dissolved 
. in water and taken daily for 12 weeks. End 
= point was either acute M.I. or death. 


Results: The incidence of both nonfatal 
M.I. and mortality was 51% lower in the 
Alka-Seltzer* (buffered aspirin in solution) 
treated group. 


Conclusion: ^... aspirin has a protective 
effect against acute myocardial infarction 
in men with unstable angina, and...a 

- similar effect on mortality" 


Further, “Because of the effectiveness and 


Ce 


: . Safety of the therapy, we recommend aspirin 


P. oW And to reduce reinfarction, see next pipe. 





- One Alka-Seltzer tablet a ay 1 
reduced incidence of M. Lin 


patients with unstable ang 
by 51% 








as used in this trial as a valuable addition E 
to the management of unstable angina in. 3 
men...who do not have contraindications | 
to this drug." i “4 
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The primary reason for the selection of A 
Alka-Seltzer® for this study was that = 
^...no gastrointestinal blood loss was 
associated with this form?": : 


There was no significant difference in the _ 
incidence of self-reported side effects 1 
between the Alka-Seltzer* group and the 
placebo group. 


Iw aep S 
> 
E 


For a copy of this landmark study, please write to: y E 
Alka-Seltzer® Medical Information, P.O. Box 816, Elkhart, Indiana 46515 


For prescribing information, see last page of this ad. 


The Aspirin Solution. 
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AT-RISK PATIENT TYPE #2: THOSE WITH PRIOR M.I. 





Alka-Seltzer can also reduce 


mortality or reinfarction 
by 20% 





The Studies: Six separate clinical trials were 
conducted" to assess the efficacy of aspirin 
for reduction of incidence of mortality and 
reinfarction in patients with prior M.I. 

All six trials were randomized and placebo- 
. controlled. Together, they evaluated 
10,703 post-M.I. patients. 
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The Analysis: The six clinical studies were 
reviewed and analyzed by two teams of 
independent investigators.” 


The Results: The combined results from the 
six clinical trials indicate that daily ingestion 
of aspirin reduced the incidence of rein- 
farction and/or death. 
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The Aspirin Solution. 


No Gastric Bleeding 

Because the aspirin in Alka-Seltzer® is 
ionized and in complete solution when 
you take it, there are no particles to 
come in contact with the gastric mucosa 
and cause gastric bleeding."” 


Alka-Seltzer? the aspirin solution, is the 
most highly buffered of all aspirin prep- 
arations.? As with all aspirin products, 
Alka-Seltzer® is contraindicated in 


©1985 Miles Laboratories. Inc., Elkhart, IN 46515 


Alka-Seltzer” 

Each tablet contains: aspirin 324 mg., heat treated sodium bicarbonate 

1916 mg., citric acid 1000 mg. ALKA-SELTZER® in water contains principally 
the antacid sodium citrate and the analgesic sodium acetylsalicylate. 
Buffered pH is between 6 and 7. 


Indication: 

Aspirin is indicated to reduce the risk of death and/or non-fatal myo- 
cardial infarction in patients with a previous infarction or unstable angina 
pectoris. 


Clinical Trials: 

The indication is supported by the results of six, large, randomized 
multicenter, placebo-controlled studies’? involving 10,816, predominantly 
male, post-myocardial infarction (MI) patients and one randomized placebo- 
controlled study of 1.266 men with unstable angina. Therapy with aspirin 
was begun at intervals after the onset of acute MI varying from less than 3 
days to more than 5 years and continued for periods of from less than one 
year to four years. In the unstable angina study, treatment was started within 
1 month after the onset of unstable angina and continued for 12 weeks and 
complicating conditions such as congestive heart failure were not included 
in the study. 


Aspirin therapy in MI patients was associated with about a 20 percent 
reduction in the risk of subsequent death and/or non-fatal reinfarction, a 
median absolute decrease of 3 percent from the 12 to 22 percent event rates 
in the placebo groups. In aspirin-treated unstable angina patients the reduc- 
tion in risk was about 50 percent, a reduction in event rate of 5 percent from 
the 10 percent rate in the placebo group over the 12 weeks of the study. 


Daily dosage of aspirin in the post-myocardial infarction studies was 
300 mg in one study and 900 to 1500 mg in five studies. A dose of 325 mg was 
used in the study of unstable angina. 


Adverse Reactions: 

Gastrointestinal Reactions: Doses of 1000 mg per day of aspirin caused 
gastrointestinal symptoms and bleeding that in some cases were clinically 
significant. In the largest post-infarction study (the Aspirin Myocardial 
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patients with aspirin sensitivity, with 
asthma, or with coagulation disease. 
For sodium content, see full prescrib- 
ing information. 
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Infarction Study (AMIS) with 4,500 people). the percentage incidences of e S. 
gastrointestinal symptoms for the aspirin (1000 mg of a standard. solid-tablet ETOT 
formulation) and placebo-treated subjects, respectively. were: stomach pain l 5 
(14.576; 4.476): heartburn (11.976; 4.876); nausea and/or vomiting (7.6%; 2.1%); áo a 
hospitalization for gastrointestinal disorder (4.9%; 3.5%). In the AMIS and ry 


other trials, aspirin treated patients had increased rates of gross gastro- 
intestinal bleeding. Symptoms and signs of gastrointestinal irritation were not 
significantly increased in subjects treated for unstable angina with buffered 
aspirin in solution. 


Cardiovascular and Biochemical: 

In the AMIS trial. the dosage of 1000 mg per day of aspirin was asso- 
ciated with small increases in systolic blood pressure (BP) (average 1.5 to 
2.1 mm) and diastolic BP (0.5 to 0.6 mm), depending upon whether maximal 
or last available readings were used. Blood urea nitrogen and uric acid levels 
were also increased, but by less than 1.0 mg%. Subjects with marked hyper- 
tension or renal insufficiency had been excluded from the trial so that the 
clinical importance of these observations for such subjects or for any subjects 
treated over more prolonged periods is not known. It is recommended that 
patients placed on long-term aspirin treatment, even at doses of 300 mg per 
day. be seen at regular intervals to assess changes in these measurements. 


Sodium in Buffered Aspirin for Solution Formulations: 

One tablet daily of buffered aspirin in solution adds 553 mg of sodium 
to that in the diet and may not be tolerated by patients with active sodium- 
retaining states such as congestive heart or renal failure. This amount of 
sodium adds about 30 percent to the 70 to 90 mEq intake suggested as 
appropriate for dietary treatment of essential hypertension in the 1984 Report 
of the Joint National Committee on Detection, Evaluation, and Treatment 
of High Blood Pressure? 


Dosage and Administration: 

Although most of the studies used dosages exceeding 300 mg daily, 
two trials used only 300 mg and pharmacologic data indicate that this dose 
inhibits platelet function fully. Therefore, 300 mg or a conventional 325 mg 
aspirin dose daily is a reasonable. routine dose that would minimize gastro- 
intestinal adverse reactions. This use of aspirin applies to both solid, oral 
dosage forms (buffered and plain aspirin) and buffered aspirin in solution. 
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Systemic Hypertension After Cardiac Transplantation: 
Effect of Cyclosporine on the 
Renin-Angiotensin-Aldosterone System 


MARC BELLET, MD, CHRISTIAN CABROL, MD, PAOLO SASSANO, MD, 
PHILIPPE LÉGER, MD, PIERRE CORVOL, MD, and JOEL MENARD, MD 





Fifteen patients who had undergone cardiac trans- 
plantation and who had hypertension (164 + 14/112 
+ 13 mm Hg), aged 16 to 57 years (mean 39), were 
treated with cyclosporine, 8 + 3 mg/kg/day, and 
prednisolone, 0.27 + 0.1 mg/kg/day, for 63 to 788 
days (mean 288) after transplantation. They were 
not given antihypertensive drugs. Before treatment, 
the mean urinary sodium level was 104 + 48 mEq/ 
day. Two discrete abnormalities accompanied their 


_high blood pressure (BP): an increase in serum creati- 


nine levels (p <0.05) to values exceeding those mea- 
sured just before transplantation (2.1 + 1.0 vs 1.35 
+ 0.54 mg/dl) with low creatinine clearance (61 + 
28 ml/min - 1.73 m?), and a 15% increase in plasma 
volume (+445 + 686 ml, p <0.02). Urinary excre- 
tion of vanilmandelic acid and total metanephrines 
was normal. Supine plasma renin activity was also 
normal (0.78 + 0.32 nmol/ml/hour). The stimulation 


of renin release after acute inhibition of converting 
enzyme by captopril was less marked than is usual in 
hypertensive subjects (0.86 + 0.54 nmol/liter/hour). 
Captopril induced a smaller drop in BP than nifedipine 
(—8 + 13/—6 + 10 mmHg vs — 14 + 11/—15 + 10 
mm Hg). Levels of plasma aldosterone, angiotensino- 
gen and converting enzyme activity were all normal, 
308 + 147 pmol/liter, 712 + 164 nmol/ml and 30 + 
6 mU/ml, respectively. It is concluded that hyperten- 
sion is common in cardiac transplantation patients 
treated with cyclosporine, since 13 of our 15 subjects 
were normotensive before transplant. Further, such 
hypertension is characterized by an expansion of 
plasma volume and the absence of major abnormali- 
ties of the renin-angiotensin-aldosterone system, de- 
spite the potential nephrotoxicity of cyclosporine. 


(Am J Cardiol 1985;56:927-931) 





Cyclosporine is a potent orally active immunosup- 
pressant drug used in human organ transplantation.! 
One of the most notable adverse effects of cyclosporine 
therapy is nephrotoxicity. Thus, after several months 
of therapy with high doses, focal glomerular sclerosis 
was observed with a low glomerular filtration rate and 
reduced plasma flow.? 

Although 2 years after cardiac allografting the sur- 
vival rate with cyclosporine treatment increased from 
58% to 75% compared with conventional immunosup- 
pressive therapy, most of the long-term survivors 
treated with cyclosporine after cardiac transplantation 
became hypertensive; this contrasts with the incidence 
of less than 2096 among patients given conventional 
immunosuppressive therapy.? Systemic arterial hy- 
pertension has also been reported in patients treated 
with cyclosporine after bone marrow*? or kidney 
transplantation. The pathogenesis of this complication 
is not clear. Animal experiments and in vitro studies 





From the Service d'Hypertension Artérielle, Hópital Broussais, and the 
Service de Chirurgie Cardio-Vasculaire, Hópital de La Pitié-Salpétriére, 
Paris, France. Manuscript received February 27, 1985; revised manu- 
script received May 23, 1985, accepted May 28, 1985. 

Address for reprints: Marc Bellet, MD, Hópital Broussais, 96 rue Didot, 
75674 Paris Cédex 14, France. 


suggest that cyclosporine stimulates the renin-angio- 
tensin-aldosterone system.7? 

After cardiac transplantation, allograft rejection does 
not interfere with renal damage caused by this drug, 
unlike what is observed after kidney transplantation.? 
We therefore investigated the renin-angiotensin-aldo- 
sterone system in a group of heart transplant recipi- 
ents who were hypertensive and were being treated 
with cyclosporine. 


Methods 


The study included 15 patients (14 men, 1 woman), aged 
16 to 57 years (mean 39). This group of long-term survivors 
of cardiac transplantation (63 to 788 days) was gleaned from 
a total of 40 adults who had undergone transplantation at the 
cardiovascular surgery center of the Pitié Hospital in Paris 
from October 1981 through January 1984, and were treated 
with cyclosporine combined with prednisolone. 

In 20 of these 40 patients, mild or moderate hypertension 
developed; 15 of these 20 are the subject of this report. Per- 
manent hypertension was diagnosed in all 15 on the basis of 
3 ambulatory blood pressure readings above 140/90 mm Hg. 
Only 2 patients were known to have mild, intermittent hy- 
pertension before cyclosporine treatment. All patients were 
kept under observation in hospital for 3 days. The nature of 
the study was explained to them, and each patient gave in- 
formed consent. All patients had normal cardiac function 
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(New York Heart Association functional class I). Routine 
- tests confirmed that no patient had any of the usual forms of 
— secondary hypertension. Subjects were allowed water ad li- 
- bidum and free sodium and potassium intake. Patients had 
. either never been treated with antihypertensive drugs or had 
stopped treatment at least 2 weeks before admission to hos- 
| pital. Cyclosporine had been administered at a daily dose of 
- 8 + 3 mg/kg body weight 1 month after surgery until the study 
. and the levels of immunoassayable plasma cyclosporine during 
. the study before the morning dose ranged from 62 to 280 ng/ml 
. (mean 181.4 + 67.6). Prednisolone was administered at a 
k daily dose of 0.27 + 0.1 mg/kg body weight. 
= The following protocol was used. On day 1, heart rates in 
- the supine and upright positions were compared, plasma 
volume was determined and 24-hour urine samples were 
| measured for volume and excretion of sodium, potassium, 
- creatinine, vanilmandelic acid and total metanephrine (i.e., 
. normetanephrine and metanephrine); standard blood mea- 
E surements were assessed in samples from fasting patients. 
f On day 2, an automatic Sentron monitor was set at 8 AM on 
the right arm of recumbent, fasting patients and pro- 
 grammed to record heart rate and blood pressure every 3 
. minutes until 12 PM. At 8 AM, after 1 hour of standing, 
. venous blood samples were collected for measurement of 
. plasma renin activity and plasma aldosterone. At 9 AM, after 
-— 1 hour of recumbency, other blood samples were drawn for 
estimation of plasma renin activity, plasma aldosterone, an- 
. giotensinogen and plasma converting enzyme activity. Fi- 
. nally, captopril was given orally (1 mg/kg body weight) and 3 
- hours later, plasma renin activity and plasma aldosterone 
— were again measured with the patient still supine. On day 3, 
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— FIGURE 1. Variations in plasma renin activity (PRA) after a single dose 

a . of captopril (1 mg/kg body weight) in hypertensive cardiac transplan- 

tation patients treated with cyclosporine (triangles). Values were 

.. compared with those reported for patients with renovascular (squares) 
. and essential hypertension (circles). 1? 





the blood pressure and heart rate monitor was again set in 
recumbent patients from 8 AM to 11 AM. At 9 AM, 1 capsule 
containing 10 mg of nifedipine was orally ingested by 14 
patients. The period of blood pressure recording was shorter 
after nifedipine than after captopril, as the nadir of blood 
pressure reduction occurs faster with nifedipine than 
captopril.!0-1? 

Plasma renin activity and angiotensinogen were measured 
by angiotensin I radioimmunoassay,!? plasma-converting 
enzyme activity was measured by the method of Cusmann 
modified by Lieberman! and plasma aldosterone, by direct 
radioimmunoassay.!? Supine plasma volume was measured 
in 15 patients by the radioiodine-labeled serum albumin 
method, as previously described!®; normal values were those 
reported by Hurley et al.!? Urinary vanilmandelic acid and 
total metanephrines were measured by colorimetric and flu- 
orimetric methods respectively. Blood pressure was measured 
by estimating the area under blood pressure-time curves di- 
vided by the period of recording. The maximal variations in 
heart rate were calculated from the average of the 7 values 
successively observed during the steepest drop in blood 
pressure after each drug. 

Statistical comparisons were made by the Wilcoxon test for 
paired data, as appropriate. Correlation coefficients were 
obtained by the least-squares method. A p value «0.05 was 
considered statistically significant. Results are expressed as 
means + standard deviation. 


Results 


The characteristics of the patients are given in Table 
I. After cardiac transplantation, an abnormal increase 
in serum creatinine levels was noted in 13 patients (2.10 
+ 1 mg/dl vs 1.35 + 0.54 mg/dl before transplantation, 


p <0.05) combined with low creatinine clearance (61 +. 


28 ml/min-1.73 m?). Plasma volume rose significantly 
above the normal values measured in healthy volunteers 
(3,416 + 687 ml vs 2,971 + 321 ml, p «0.02).!? No 24- 
hour proteinuria was noted. Urinary excretion of va- 
nilmandelic acid and total metanephrines was in the 
range of our normal laboratory values (less than 40 and 
less than 37 umol per 24 hours, respectively). 

Renin-angiotensin-aldosterone system: No 
stimulation of plasma renin activity was observed 
during cyclosporine treatment, either in the supine or 
upright positions (0.78 + 0.32 and 1.97 + 1.01 nmol/ 
ml/hour, respectively; normal 0.27 to 1.00 and 0.54 to 
2.31). After inhibition of converting enzyme, plasma 
renin activity was 0.86 + 0.54 nmol/ml/hour and did not 
increase significantly (Fig. 1). Plasma renin activity 
values before captopril and 3 hours afterwards were 
compared with the values previously reported!? for 
patients with renovascular and essential hypertension 
(Fig. 1). Angiotensinogen and plasma-converting en- 
zyme activity were normal, 712 + 164 nmol/ml (normal 
617 to 925) and 30 + 6 mU/ml (normal 23 to 38) re- 
spectively. Plasma aldosterone in the supine position 
was 308 + 147 pmol/liter (normal 140 to 336), and after 
orthostatic stimulation, 1,346 + 61 pmol/liter (normal 
420 to 840). After converting enzyme inhibition, it de- 
creased to 137 + 61 pmol/liter (p <0.01). 

Blood pressure: Nifedipine significantly reduced 
blood pressure, from 140 + 13/91 + 14 mm Hg to 126 + 
13/76 + 14.5 mm Hg (p «0.005/p <0.005). Captopril 
reduced it, from 147 + 19/94.5 + 17 mm Hg to 139 + 
17/89 + 15 mm Hg (p <0.05/p <0.05). Although the 
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decrease in systolic blood pressure after nifedipine was 
not different from the drop after captopril, diastolic 
blood pressure fell more steeply after nifedipine (p 
<0.01) (Fig. 2). 

Heart rate: Heart rates in the supine and upright 
positions were compared in 14 patients. A maximal in- 
crease from 85 + 11 to 98 + 11 beats/min (p <0.02) was 
observed after 15 minutes in the upright position, fora 
drop in blood pressure of 10 + 13/4 + 6 mm Hg (p 
<0.02/p <0.05). The hypotensive action of nifedipine 
was accompanied by tachycardia; heart rate increased 
from 83 + 10 beats/min to 93 + 9 beats/min (p <0.02), 
an acceleration not observed with captopril (80 + 10 to 
82 + 11 beats/min) (Table II). 

Correlations: Whatever the conditions attending 
measurement of plasma renin activity, the latter never 
correlated with plasma volume, the drop in blood 
pressure after nifedipine or captopril, or the plasma 
cyclosporine level, neither did blood pressure correlate 
with renal insufficiency. 


Discussion 


The present study of 15 hypertensive heart transplant 
recipients showed that cyclosporine did not stimulate 
their renin-angiotensin system. This contradicted the 
results of previous in vitro experiments showing that 
8.1076 M cyclosporine stimulated renin production by 
43% in rat kidney cortex slices®; in vivo, 25 or 20 mg/kg 
of cyclosporine daily also raised plasma renin activity 
levels in dogs and rats after several days.’ These results 
therefore suggested that cyclosporine affects the 
renin-angiotensin system, and consequently raises 
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FIGURE 2. Mean variations (+ standard deviation) in systolic (stippled 
bars) and diastolic (clear bars) blood pressure (BP) recorded 2 hours 
after 10 mg of nifedipine and 3 hours after 1 mg/kg of captopril, in 
long-term survivors of cardiac transplantation in whom hypertension 
subsequently developed. ***p «0.005; *p «0.05. 
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blood pressure. Here, plasma renin activity values in the 
recumbent position were within our normal range, and 
no abnormality was noted after orthostatism. After 
captopril, which abolished the negative feedback nor- 
mally exerted by angiotensin II on renin release,!? there 
was an increase in plasma renin activity that varied very 
slightly from patient to patient, and was confirmed by 
the finding that captopril caused a smaller drop in 
blood pressure than nifedipine. Our results agree with 
those of Myers et al,? who found no difference in the 
plasma renin activity levels of cyclosporine-treated 
patients compared with those of heart transplant re- 
cipients treated by conventional therapy. With regard 
to angiotensinogen, we found normal values, suggest- 
ing that prednisolone did not help to generate post- 
cyclosporine hypertension.? Plasma aldosterone 
values were within our normal range in the supine 
position, after stimulation by orthostatism and after 
inhibition by captopril, thus rendering the hypoal- 
dosteronism described by Adu et al% unlikely under 
our conditions. Moreover, none of our patients had 
hyperkaliemia. 

Thompson et al?! suggested that an aberration in 
blood pressure control by the central nervous system 
intervenes in blood pressure regulation, because the 
heart remains denervated 1 and even 2 years after ^ 
transplantation.?? We did not confirm this in our ex- 
periments. Urinary excretion of vanilmandelic acid and 
total metanephrines were in the range of our normal 
values. The baroreflex regulation of heart rate persisted, 
since it was raised by both the orthostatic position and 
by the fall in blood pressure after nifedipine. As is 
usual in hypertensive patients,!! the heart rate did not 
increase after captopril administration. Nifedipine 
treatment, however, did increase the heart rate in such 
patients.!9.!! The decrease in blood pressure observed 
in one of these last studies!? was roughly similar to 
that induced by captopril in our patients. Some inves- 
tigators?? have attributed the absence of tachycardia 
after captopril to stimulation of the parasympathetic 
activity. However, as our patients had a denervated 
heart which did not respond to atropine,?? the present 
results provide reason to believe that stimulation of 
parasympathetic activity by inhibition of the renin-an- 
giotensin system is not responsible for the absence of 
tachycardia after captopril. 

In conclusion, a state of stimulation of the renin- 
angiotensin system is improbable in heart transplant 
patients who become hypertensive. The abnormalities 
we observed in the laboratory tests of such patients were 
minor fluid retention (+15%) and renal impairment. 
Poor adaptation of the renin-angiotensin system to fluid 
retention may be partly responsible for the increase in 
the blood pressure in our patients?4; further investiga- 
tions are needed before any imbalance between sodium 
status and renin release can be demonstrated. 
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Ventricular Performance in Human Hearts 
Aged 61 to 73 Years 


J.V. NIXON, MD, HUGH HALLMARK, MD, KIM PAGE, MS, 
PETER R. RAVEN, PhD, and JERE H. MITCHELL, MD 


. The effects of increasing and decreasing cardiac 


preload by 15% on the left ventricular (LV) perfor- 
mance of 11 carefully screened normal subjects 
aged 61 to 73 years were examined. Comparisons 
were made with 11 subjects aged 21 to 28 years. 
Two-dimensional echocardiograms were obtained 
before and at the termination of 5 degrees of head- 
down tilt for 90 minutes and at the termination of 
graded lower body negative pressure to —40 mm 
Hg. Heart rates and blood pressures were un- 
changed after physiologic interventions. Changes 
in LV end-diastolic and stroke volumes were similar 
but of a smaller magnitude in the older subjects 


 . compared with changes in younger subjects. When 


Both experimental and human studies have shown that 
aging of the heart produces characteristic changes in 
different parts of the cardiac cycle.!-? Experimental 
studies of senescent myocardium have shown differing 
findings regarding both systolic and diastolic stiff- 


- ness, although prolonged contraction duration*® and 


attenuated inotropic responses to catecholamines- are 
consistent findings. Human studies have also produced 
differing conclusions in older subjects both at rest and 
during dynamic exercise.?-!! These differences may be 
partially attributed to the difficulty in identifying an 
elderly population that is free of significant intrin- 
sic cardiac disease and, in particular, coronary artery 
disease.!! 

Recent noninvasive studies in our laboratory have 
defined the extreme ranges of the relation between left 
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LV end-diastolic volumes obtained at each extreme 
of preload variation were compared, the range of 
mean change was less in the older (23 ml, 26%) 
than in the younger subjects (31 ml, 41% ). Control 
LV end-diastolic and end-systolic volumes were 
greater in the older subjects. This study shows that 
despite larger control LV volumes, alterations in 
preload produce changes in the LV end-diastolic and 
stroke volumes of these older subjects that conform 
to the normal LV function curve, but that these re- 
sponses are diminished compared with changes in 
younger subjects, suggesting an age-related change 
in diastolic stiffness. 

(Am J Cardiol 1985;56:932-937) 


ventricular (LV) end-diastolic and stroke volumes (i.e., 
the Frank-Starling curve) in normal young subjects and 
in certain subsets of patients.!?1? This study examines 
the effects of large variations in cardiac filling volume 
on the LV performance of a group of elderly subjects 
screened to exclude as comprehensively as possible the 
presence of intrinsic cardiac disease and, in particular, 
coronary artery disease. Comparisons were made with 
normal young subjects to define the differences, if any, 
in the response of the aging left ventricle to large vari- 
ations in preload. 


Methods 


Subjects: Studies were carried out in 11 volunteer subjects, 
aged 61 to 73 years, who were screened to exclude as com- 
prehensively as possible intrinsic cardiac disease. The 
screening procedure was as follows: Asymptomatic persons 
from area-aged programs were recruited. Those with a nega- 
tive history, normal results on physical examination, and 
normal electrocardiographic findings at rest underwent serial 
test evaluations to exclude the existence of coronary artery 
disease by Bayesian analysis.!*^ The reported prevalence of 
coronary artery disease in this asymptomatic age group ranges 
from 11 to 81925.!^ Data from our laboratory and other labo- 
ratories show maximal stress testing to have a sensitivity of 
71% and a specificity of 92% for the diagnosis of coronary ar- 
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TABLE! Rest Heart Rates, Arterial Pressures, End-Systolic Wall Stress and End-Systolic 
Stress/Length Ratios in Young and Old Subjects 
Subjects 
Young Old p 

Heart rate (beats/min) 56+ 3 59+ 1 NS 
Blood pressure (mm Hg) 

Systolic 108 +3 126+ 4 <0.005 

Mean 79 +2 9443 <0.005 

Diastolic 65+ 2 1543-8 «0.02 
Wall stress (dynes/cm?) 6815 78+6 NS 
Stress/length ratio 22+ 1 24+ 2 NS 


All values are expressed as mean + standard error of the mean. 


NS = not significant. 


tery disease.!®!” After a stress test showing negative results 
in these subjects, the probability of the existence of coronary 
disease decreases to 4 to 57%. Bartel et al!® reported that 
fluoroscopically detected coronary artery calcification has a 
sensitivity of 56% and a specificity of 97% for the diagnosis of 
coronary artery disease. In subjects with a negative result on 
fluoroscopy after a negative stress test result, the likelihood 
of the existence of coronary artery disease decreases again to 
2 to 37%. While not eliminating the likelihood of the existence 
of coronary disease, this is an acceptable minimal range of 
prevalence for the disease. Furthermore, evaluation by 2- 
dimensional echocardiography of LV segmental wall motion 
as reported by our laboratory was also carried out.!? The 11 
subjects had no echocardiographic evidence of segmental wall 
motion abnormalities at rest or during the interventions of 
head-down tilt and lower body negative pressure. 

Eleven subjects, aged 21 to 28 years, were studied for com- 
parison. Details of the study were explained to each of the 
elderly and young subjects and they gave informed written 
consent. 

Echocardiograms: The echocardiographic techniques and 
the methods and accuracy of measurements used in our lab- 
oratory have been described in detail.!? Other echocardio- 
graphic measurements used in this study were meridional LV 
wall stress, where wall stress — systolic pressure X end-systolic 
diameter (ESD)/4 X wall thickness (1 + wall thickness/ESD) 
dynes/cm??? and systolic stress-dimension ratio, expressed 
as meridional wall stress/ESD ratio.?! 

'The heart rate was determined from simultaneous elec- 
trocardiographic recordings. Blood pressure was recorded at 
1-minute intervals throughout each intervention by Narco 
Bio-Systems programmed electrosphygmomanometer and 
recorded on a strip-chart recorder. Previous studies have 
demonstrated good agreement between these studies and 
auscultatory readings.!?2? Mean arterial pressure was cal- 
culated as diastolic pressure + one-third of the pulse 
pressure. 

Experimental protocol: The protocol of head-down tilt 
and graded lower body negative pressure used to increase and 
decrease LV preload has been described in detail.!? Mea- 
surements from echocardiograms obtained before and at the 
termination of each preload variation were compared. Five 
degrees head-down tilt for 90 minutes produces a transient 
increase in central venous pressure of 2.5 cm H20, with a re- 
turn to baseline when the left ventricle reaches its maximal 
size.22 Graded lower body negative pressure to —40 mm Hg 
produces venous pooling with a progressive increase in leg 
volume of 500 to 700 ml and a transient decrease in central 
venous pressure of 5 cm H50.?? 

On a separate occasion, 6 of the older subjects underwent 
5 degrees of head-down tilt for 6 hours to determine whether 
the time sequence of the response of the older left ventricle 
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to prolonged head-down tilt was different in younger subjects. 3 : 


Leg volumes were estimated before and after 6 hours of tilt — 


and calculated by Simpson's rule from measurements of leg — 
circumferences at 12 well-defined points.?? a 
Values determined before and at the termination ofeach 
intervention were compared and significant differences were — 
determined by analysis of variance for single factor experi- 
ments having repeated measures.2* When significant differ- _ 
ences (p <0.05) between groups were found, within-group - 


differences were determined by the Student-Newman-Keuls 
multiple range test and values «0.05 were considered signif- 


icant. Power curves and linear regression equations were de- 
termined from individual values of stroke volumes and end- 
diastolic volumes to obtain LV function curves. 


Results 


Rest heart rates, systemic arterial pressures, a 
end-systolic wall stress and end-systolic stress/length 


ratios are listed in Table I. The anticipated differences - 1 


in arterial pressures associated with age were found. No 
significant differences were found between the young 
and the older subjects in rest heart rate, end-systolic — 


wall stress and end-systolic stress/length ratio. Changes _ 


in LV dimensions, shortening fraction, mean velocity | 
of circumferential fiber shortening, heart rate and blood _ 
pressure are summarized in Table II. There were no | 
significant differences between control data in either 
subject group before head-down tilt and before lower 
body negative pressure. 

In the young subjects, the changes after both head- 
down tilt and lower body negative pressure were iden- 
tical to those found previously in our laboratory (Table 
II, Fig. 1). Significant changes included an 18% in- 
crease in end-diastolic volume and a 31% increase 


in stroke volume during head-down tilt, and a 16% | 


decrease in end-diastolic volume and 22% decrease - 
in stroke volume during lower body negative pressure — 
(Fig. 2). | 


In the older subjects during head-down tilt, mean  . 


end-diastolic volume increased 8%, from 104 + 9 to 112 
+ 9 ml (p «0.001) and mean stroke volume increased 
13%, from 58 + 6 to 65 + 7 ml (p < 0.01) (Fig. 1 and 2). 
Mean end-diastolic diameter increased from 4.7 + 0.2 
to 4.8 + 0.2 cm and mean ESD decreased from 3.8 + 0.2 
to 3.1 + 0.3 cm. End-systolic volume, ejection fraction, - 
mean velocity of circumferential fiber shortening, heart 


rate and blood pressure did not change significantly _ 


during head-down tilt (Table I, Fig. 1). 
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In the older subjects, during lower body negative 
pressure, mean end-diastolic volume decreased 15%, 
from 104 + 9 to 89 + 8 ml (p <0.001) and mean stroke 
volume decreased 20%, from 59 + 6 to 48 + 5 ml (p 
<0.001) (Fig. 1 and 2). Mean end-diastolic diameter 
decreased from 4.7 + 0.2 to 4.4 + 0.2 cm and mean end 
systolic diameter from 3.3 + 0.1 to 3.2 + 0.1 cm. End- 
systolic volume, ejection fraction, mean velocity of cir- 
cumferential fiber shortening, heart rate and blood 
pressure did not change significantly during lower body 
negative pressure (Table I, Fig. 1). 

When end-diastolic volumes obtained at each ex- 
treme of preload variation during head-down tilt and 
lower body negative pressure were compared, the range 
of mean change was less in the older than in the younger 
subjects. In the young subjects, the range in mean 
end-diastolic volume of 32 ml represented a range of 
change of 34% of the control end-diastolic volume at 
rest, and a 41% increase from the end-diastolic volume 
during lower body negative pressure. In the older 
subjects, the change in mean end-diastolic volume of 23 
ml represented a range of change of 2396 of the control 
end-diastolic volume at rest and a 26% increase from 
the end-diastolic volume during lower body negative 
pressure. 

Individual data relating stroke volume to end-dia- 
stolic volume at rest and during both interventions in 
both subject groups are shown in Figure 3. In the young 
subjects, the data are consistent with previous reports 
from our laboratory, conforming to a normal LV func- 
tion curve, best described by the power curve stroke 
volume equaling 0.83 end-diastolic volume? (r = 0.87, 
p <0.001); this is not significantly different from the 
linear regression stroke volume equaling 0.6 end-dia- 
stolic volume + 0.9 (r = 0.88, p «0.001). In the older 
subjects, the data conformed to a similar LV function 
curve best described by the power curve stroke volume 
equaling 0.58 end-diastolic volume??? (r = 0.88, p 
<0.001); this is not significantly different from the linear 
regression stroke volume equaling 0.6 end-diastolic 
volume + 3.9 (p <0.001). 

The changes in LV dimensions and leg volumes in the 
6 older subjects who underwent head-down tilt for a 
prolonged period of 6 hours on a separate occasion are 
illustrated in Figure 4. The maximal increase in mean 
end-diastolic and stroke volumes were of the same 
magnitude as the previous study of 11 older subjects and 
occurred after 90 minutes, without further increase 
during the subequent 4t} hours. Leg volume decreased 
from 7.4 + 0.2 to 7.0 + 0.2 liters (p <0.05), corresponding 
to a combined volume change (both legs) of 0.8 liter. 


Discussion 


This study shows that in normal older subjects, the 
response of the left ventricle to increases and decreases 
in preload of 15% produces changes that conform to a 
normal ascending LV function curve, but which are 
diminished when compared with changes in normal 
young subjects. When end-diastolic volumes obtained 
at each extreme of preload variation were compared, the 
elderly subjects had an increase of only 26% of their 
lowest end-diastolic volume during lower body negative 
pressure, whereas the young subjects had an increase 
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FIGURE 1. Changes in left ventricular end-diastolic, end- = E 80 
systolic and stroke volumes, and ejection fraction and mean =O, co 
velocity of circumferential fiber shortening (VCF) from control fe = 
values (C) during head-down tilt (T) and lower body negative 2 40 
pressure (L) in young and old subjects. Asterisks represent =~ 2 
significant changes in mean values. Circ = circumfer- 20 
ence. 
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FIGURE 2. Percent changes in left ventricular end-diastolic, 
end-systolic and stroke volumes from control values during 
head-down tilt (T) and lower body negative pressure (L) in 
young and old subjects. 
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of 41%. Furthermore, the end-diastolic and stroke vol- 
umes of the older subjects ranged over a series of higher 
points on the normal Frank-Starling curve, despite body 
weights equivalent to those of the young subjects. 
Previous studies carried out to determine the effect 
s of age on the hemodynamic responses to various phys- 
" jologic interventions have shown an attenuated heart 
rate and blood pressure response to head-up tilt, the 
Valsalva maneuver, the cold pressor test and static ex- 
ercise.24 A possible explanation for these altered re- 
sponses was a reduction in baroreceptor activity with 
age as previously shown by Gribbin et al.2° However, in 
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FIGURE 3. Relations between left ventricular end-diastolic and stroke 
volumes at supine rest and during both head-down tilt and lower body 
negative pressure in young and old subjects. 
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our studies, no significant changes in heart rate or blood 4 
pressure occurred during either head-down tilt or lower - 


body negative pressure. 


These findings concur with those of Ebert et al, who _ 
showed no changes in heart rate or blood pressure in 
subjects aged 50 to 59 years during graded lower body - 
negative pressure to —40 mm Hg. Furthermore, they — 
demonstrated a significant reduction in stroke volume . 


during lower body negative pressure in their subjects 


compared with those of a young group of subjects. These — 
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FIGURE 4. Changes in left ventricular end-diastolic, end-systolic and 
stroke volume from control values (time 0) during 6 hours of head-down 
tilt in 6 of the elderly subjects. 
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findings, obtained by impedance cardiography, concur 
with our echocardiographically estimated changes in 
stroke volume. 

The findings in our study have several possible ex- 
planations, although some questions remain. Although 
it has been suggested that older subjects have less ve- 
nous compliance changes during physiologic interven- 
tions,*4 the magnitude of central fluid shift demon- 
strated by a reduction in leg volume of a mean of 800 ml 
is identical to the magnitude found in younger subjects. 
This would appear to confirm that no comparative 
difference in magnitude of central fluid shift was a 
factor. It has been suggested that a greater central blood 
volume may exist in the older subjects.2” Higher LV 
end-diastolic volumes at rest in our older subjects would 
comparative measurements of transthoracic impedance 
in young and older subjects by Ebert et al? showed no 
differences, suggesting that increased central blood 
volume is unlikely. The older human left ventricle may 
operate near its maximal volume, as suggested by Par- 
ker and Case.28 They summarized several of their 
studies during various interventions with changes in 
blood volume and filling pressures and concluded that 
the human LV function curve reaches a plateau rapidly 
after relatively small increases in end-diastolic volume. 
Previous studies in normal young subjects in our labo- 
ratory do not support this concept having findings 
similar to those of the young subjects in this study.!? 
Apparently, our findings in older subjects do not con- 
cur with this concept either. Figure 3 shows that while 
the range of changes in end-diastolic and stroke vol- 
umes is less than in the young subjects, the propor- 
tional changes in stroke volume with changes in end- 
diastolic volume are identical, without movement off 
the normal Frank-Starling curve. Furthermore, there 
is no evidence that the plateau phase of the curve has 
been reached in these older subjects. 

The value of echocardiography in serially evaluating 
changes in LV performance during acute interventions 
is well accepted. The calculation of LV volumes is based 
on the assumption that the left ventricle is always el- 
lipsoid in shape and the minor diameter is always half 


volumes encountered in our subjects, the ventricle may 
have altered its shape, becoming more ellipsoid at small 
volumes and more spherical at higher volumes. The 
regression equation of Teichholz et al?? was derived 
from a series of angiographically normal ventricles over 
a wide range of volumes than those encountered in our 
patients during the various interventions. Furthermore, 
estimations of ventricular volumes in all types of cardiac 
disease by 2-dimensional echocardiography have shown 
a better correlation with angiography.?? However, the 
linear dimensional changes are identical to the volume 
changes, the regression equation used is valid over the 
ranges of ventricular volumes of our subjects, and evi- 
dence of the existence of coronary disease excluded 
subjects from the study. Thus, an intrinsic error in 
volume estimation would apply consistently to com- 
parative values. 

Considerable effort was made in this study to select 
older subjects for study who were free of significant 





intrinsic cardiac disease and, in particular, coronary 
artery disease. The use of serial test evaluations to de- 
termine prevalence of disease and, in particular, coro- 
nary artery disease, has been advocated as acceptable 
in a normal population, in which cardiac catheterization 
cannot be justified.!4 The screening procedure used for 
providing the subjects in our study was more thorough 
than some!? and less thorough than others.!! Without 
cardiac catheterization, however, the presence of coro- 
nary artery disease cannot be ruled out. Nevertheless, 
the selection of 11 subjects older than age 60 years, with 
a less than 2 to 37% likelihood of having coronary artery 
disease, and who had no echocardiographic evidence of 
segmental wall motion abnormalities at rest or during 
the interventions, appear to make up a suitable subset 
of subjects for study. 

The differences in mean arterial pressures between 
the young and older subjects may serve to explain the 
differences in ventricular dimensions in the 2 groups. 
Should this be the case, one would expect significant 
differences in both end-systolic wall stress and the 
stress/length ratio between the 2 groups. Furthermore, 
there were no differences in mean heart rate between 
the 2 groups of subjects, either at rest or during the in- 
terventions of head-down tilt and lower body negative 
pressure. 
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Magnetic Resonance Imaging 


in Pulmonary Arterial Hypertension 


ALAIN BOUCHARD, MD, CHARLES B. HIGGINS, MD, BENJAMIN F. BYRD Ill, MD, 
EUGENIO G. AMPARO, MD, LUCI OSAKI, RN, MS, and RICHARD AXELROD, MD 


Magnetic resonance imaging (MRI) was used to 
examine the right ventricle and pulmonary arteries 
in 17 patients with pulmonary artery (PA) hyper- 
tension documented by cardiac catheterization. The 


study population consisted of 7 patients with primary 


pulmonary hypertension, 7 with Eisenmenger’s 
syndrome and 3 with pulmonary hypertension sec- 
ondary to lung disease. The MRI studies of patients 
were compared with those of 10 normal volunteers. 
Multislice gated transaxial images encompassed the 
right ventricle and central pulmonary arteries, 
showing the severity of right ventricular (RV) hy- 
pertrophy in proportion to the elevation of PA pres- 


sure and reversal of septal curvature when PA 
= pressure approximated systemic pressure. End- 


_ diastolic RV wall thickness and mean pulmonary 


pressure correlated well (r — 0.79). MRI showed 


enlargement of PAs in all patients with PA hyper- 
tension. A magnetic resonance signal was present 
in the PAs throughout the cardiac cycle in patients 
with severe PA hypertension (more than 90 mm Hg) 
and was absent during systole in normal subjects. 
A signal within the PAs in systole is consistent with 
decreased flow velocity in patients with severe PA 
hypertension. MRI was useful in detecting each of 
the congenital anatomic defects in patients with 
Eisenmenger's syndrome. 

This study indicates the potential of MRI for 
evaluating the severity of PA hypertension by pro- 
viding direct measurements of RV wall thickness 
and PA diameter and by detecting abnormal intra- 
luminal signal intensity during the cardiac cycle. 


(Am J Cardiol 1985;56:938-942) 





Magnetic resonance imaging (MRI) has emerged as a 


noninvasive method for visualization of cardiac struc- 
tures.!:2 Because MRI displays the blood pool as very 
low or no signal intensity with the spin echo technique, 
the walls of blood vessels and cardiac chambers are 
visualized without contrast medium. 

This study was undertaken to evaluate the capability 
of MRI to define the anatomic features and origin of 
pulmonary artery (PA) hypertension and to assess the 
severity of PA hypertension. 


Methods 
Study population: The study population comprised 10 
normal men, aged 28 to 44 years, and 17 patients with PA 
hypertension. The latter patients underwent cardiac cathe- 


— terization before MRI study. Seven patients had primary PA 
_ hypertension. The 10 patients with secondary PA hyperten- 


sion included 3 with a variety of parenchymal lung diseases 
(obstructive and interstitial) diagnosed on chest radiograph 


. and pulmonary function tests and 7 with Eisenmenger's 


syndrome documented by the demonstration of congenital 
heart disease at angiography. The clinical and hemodynamic 
findings are given in Table I. 

Magnetic resonance technique: The magnetic resonance 
imager for this study used a superconducting magnet oper- 
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ating at a field strength of 0.35 tesla and a resonance frequency 
for hydrogen of 15 MHz. This imager has been described in 
detail.? A multiplane selective irradiation technique was used 
for data acquisition and sectional (plane) images were re- 
constructed by the 2-dimensional Fourier transform tech- 
nique. The slices were 7 mm thick. The reconstruction matrix 
was 256 horizontal and 128 vertical lines. 

The imaging sequence was spin echo with echo delay times 
of 28 and 56 ms. First and second spin echo images were ac- 
quired at 5 adjacent anatomic levels during each acquisition. 
The repetition rate, or interval between sets of radiofrequency 
pulses, was determined by each subject's heart rate. In all 
subjects images gated to every heart beat were obtained. 'The 
gating system has been described.^ | 

Data analysis: Ten to 15 adjacent transverse tomographic 
images were recorded in all subjects; these images extended 
through the level of the main PA and its bifurcation and 
through the heart (from the great vessels to the apex). Five 
adjacent sagittal images were obtained in 2 patients with 
Eisenmenger's disease. Images were analyzed to determine 
the presence and location of structural abnormalities (Table 
I). The septal curvature was described as convex, straight or 
concave toward the right ventricle. 

The ventricular wall thicknesses were determined at end 
diastole (5 ms after the R wave of the electrocardiogram). A 
calibrated grid was available for superimposition on the im- 
ages. The anterior wall of the right ventricle, septum and 
posterior wall of the left ventricle were measured along a line 
through the middle of each ventricle and perpendicular to the 
septum. A detailed description of the site and method for 
mensuration for MRI studies is available.? The septal thick- 
ness could not be determined in 2 patients with Eisenmenger's 
disease because of the presence of large ventricular septal 
defects. The main pulmonary trunk was measured in systole, 
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TABLE! Clinical, Hemodynamic and Magnetic Resonance Imaging Features 
MRI Measurements 
Ie pest Ho) MPA Diameter RV WT | 
Age (yr) Wu oW RS es EC (Systolic) (Diastolic) 
Pt & Sex Dx Systolic Mean (cm) (cm) 
1 42F PPH 120 82 3 1.0 
2 34M PPH 163 102 4 2.0 
3 48F PPH 88 52 4 1.0 
4 15F PPH 191 120 3.2 1.2 
5 24F PPH 131 74 3.5 1.4 
6 28F PPH 115 69 3.5 0.8 | 
7 31F PPH 81 55 3.2 0.5 | 
8 55M LD 51 37 3.8 0.5 | 
9 43M LD 68 45 XX 0.6 
10 59F LD 54 37 3.6 0.5 | 
11 47F PDA 118 76 4 0.7 
12 36F ASD 130 97 4 1.5 
13 39F ASD 94 76 3 1.0 
14 35M VSD 130 79 4 1.6 
15 52M VSD 155 118 4 2.0 " 
16 32M TG,VSD 95 (95) 72 (72) 5 1.3 | 
17 33F DORV,VSD 96 (95) 72 (65) 3 1.0 


Values in parentheses are systolic blood pressure values. i 
ASD = atrial septal defect; DORV = double outlet right ventricle; Dx = diagnosis; LD = lung disease; à 
MPA = main pulmonary artery; MRI = magnetic resonance imaging; PDA = patent ductus arteriosus; PPH 
= primary pulmonary hypertension; RVWT = right ventricular wall thickness; TGV = transposition of the 


great vessels; VSD = ventricular septal defect. 


on the transverse slice 1 cm caudal to the origin of the right 
PA. The ratio of the diameter of the PA to that of the aorta 
was determined at this same level. The ratio of the left de- 
scending PA to the descending aorta was taken at a more 
caudal level. 

The magnetic resonance signal within the lumen of the PAs 
was determined on each of 5 images obtained during a single 
imaging period. These 5 multislice images corresponded to 5 
phases of the cardiac cycle: end diastole; end diastole + 100 
ms; end diastole + 200 ms; end diastole + 300 ms; and end 
diastole + 400 ms. Each of the images were examined for 
magnetic resonance signal within the lumen of the central 
PAs. The images extending up to 300 ms after end diastole 
occurred within the systolic phases of the cardiac cycle. 

The presence of signal in the PAs was graded from 1 to 5 by 
the following criteria: 1/5 for PA signal present only on the 
image at end diastole and 2/5 for signal present on 2 images, 
and so forth, up to 5/5 for signal present on all 5 images. This 
determination was made on the second spin echo image (TE 
= 56 ms) because this image is more sensitive for intraluminal 
flow signal'?; the assessment was made in the center of the PA 
lumen. All observations and measurements were made by 2 
independent observers without knowledge of the results of the 
catheterization. 

Statistical analysis was performed using standard linear 
regression and one way analysis of variance. Mean values and 
standard deviation are provided for all measurements. 


Results 


Normal findings: The transverse images at the level 
of the great vessels showed normal position and size of 
the ascending aorta and the main pulmonary trunk and 
its branches (Fig. 1). The diameters and the relation 
between these vessels are shown in Table II. 

Transverse images taken from the same level but at 
different times during the cardiac cycle demonstrated 
a magnetic resonance signal in the PAs and aorta only 
on the end-diastolic image. During systole there was 
m cw within the lumens of the aorta or the PAs 

Fig. 1). 


In Figure 2 (left) normal cardiac chambers are shown. 
The septum has a crescent shape, with its convexity 
toward the right ventricle. Normal wall thickness 
measurements are listed in Table II. 

Anatomic findings in patients with pulmonary 
hypertension: The main PA was enlarged in every 
patient with PA hypertension (Table I). The ratio of the 
diameter of the main pulmonary trunk to that of the 
ascending aorta and the ratio of the diameter of the left 
descending PA to that of the descending aorta were 
increased in all patients with elevated PA pressure 
(Table II). The magnetic resonance signal within the 
pulmonary artery (Fig. 3) was present in systole in all 
but 1 patient with primary PA hypertension and all but 
1 patient with Eisenmenger's syndrome. This is in 
contradistinction to the absence of intraluminal signal 
in the ascending and descending aorta during systole. 





FIGURE 1. Transverse images at the level of great vessels in a normal 
patient. Image was acquired in systole. During systole there is absence 
of a magnetic resonance signal, indicating normal flow. A = ascending 
aorta; P = main pulmonary artery. 
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TABLE I| Pulmonary Artery and Right Ventricular Dimensions as Measured by Magnetic 
Resonance Imaging 


2° PAH 2° PAH 
Normals 1° PAH (LD) (Eisenmenger) p Value 
Main PAD (cm) 2.5 £0.4 3.9.4 0.5° 3.6 + 0.5" 3.7 + 0.5* 0.05 
Main PA/asc. aorta 0.9 + 0.2 1.4+ 0.2* 1.140.1 1.4 4: 0.3* 0.05 
Desc. LPA/desc. aorta 0.4 + 0.1 1:1 X 0.3° 0.8 + 0.1* 1.055,02" 0.01 
RVWT (cm) 0.3 + 0.1 1.2 + 0.4* 0.6 £ 0.1 1.3 = 0.3* 0.01 
SWT (cm) 10+ 0.1 1.2 = 0.3* 1.2+0.3 1340.5 0.05 
PWT (cm) 1.0 + 0.1 1.14 0.2 0.9+ 0.1 10+0.3 NS 


* Significant difference compared with values in normal subjects. 
Values are mean + standard deviation. 
Asc. = ascending; Desc. = descending; Desc. LPA = descending left pulmonary artery; NS = not sig- 
nificant; PA = pulmonary artery; PAD = PA diameter; 1° and 2° PAH = primary and secondary pulmonary 
hypertension; PWT = posterior wall thickness of the left ventricle; RVWT = right ventricular wall thickness; 
SWT = septal wall thickness. 





FIGURE 2. Transverse images at the level of the ventricle. Left, normal heart indicating where the anterior wall of the right ventricle (rv) was measured. 
Middle, gated image from a patient with primary pulmonary artery hypertension illustrating the severe hypertrophy of the right ventricular wall (arrow) 


and the straight septum. Right, concave septum (arrow) and enlarged right ventricle and right atrium (ra). LV = 


The thickness of the anterior wall of the right ventricle 
was increased in direct relation to the severity of the PA 
systolic pressure (r = 0.76) (Table I, Fig. 2 [middle] and 
4 [top]). The septal curvature was frequently altered in 
patients with PA hypertension; it was either straight or 





FIGURE 3. Transverse images at the level of great vessels in a patient 
with primary pulmonary artery hypertension. The main pulmonary 
artery (P) and its branches are enlarged and show intraluminal signal 
(arrow) during systole. Note the absence of signal in the aorta. A = 
ascending aorta. 


left ventricle. 


concave toward the right ventricle (Fig. 2). Septal cur- 
vature was abnormal in 6 patients with primary PA 
hypertension and 5 patients with Eisenmenger's syn- 
drome. The right ventricle and right atrium were en- 
larged in all patients with PA hypertension. 

Origin of pulmonary artery hypertension: In 
patients with Eisenmenger’s syndrome, MRI was useful 
in determining the origin of PA hypertension. MRI 
detected the anatomic defects in all but 1 patient with 
Eisenmenger’s syndrome. That patient had had a 
patent ductus arteriosus closed surgically 30 years 
before the study, and therefore had no anatomic de- 
fects other than sequelae of PA hypertension on the 
right ventricle. 

Severity of pulmonary hypertension: As a measure 
of the severity of PA hypertension, the relation between 
right ventricular wall thickness and PA systolic pressure 
was defined (Fig. 4). The equation for the regression line 
of this relation is: 


PA systolic pressure (mm Hg) = 


59.2 X RV wall thickness —45.8 (r = 0.76, 
SEE = 46 mm Hg, n = 17). 


Figure 4 (bottom) shows the relation between RV wall 
thickness and mean PA pressure (r = 0.79, SEE = 16 
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mm Hg, n = 17). The regression equation was: 
PA mean (mm Hg) = 10.1 X RV wall thickness + 30. 


There was also a significant linear relation between the 
size of the main PA in systole and PA systolic pressure. 
The correlation coefficient and the standard error of 
estimate (SEE) for this relation were 0.76 and 21 mm 
Hg, respectively. The ratio of the diameter of the main 
pulmonary trunk to the ascending aorta showed a 
poorer correlation with systolic PA pressure (r = 0.59, 
SEE = 32 mm Hg). As another index of severity, we 
analyzed the septal curvature. When PA systolic pres- 
sure was plotted against septal curvature, every patient 
with pressure greater than 90 mm Hg had either a 
straight or concave septum (Fig. 5). 

In most patients with PA hypertension a magnetic 
resonance signal was present in the PA throughout 
systole. When the frequency of intrapulmonary signal 
at the 5 phases of the cardiac cycle was compared with 
systolic PA pressure, only 1 patient with a pressure 
greater than 90 mm Hg showed the normal pattern 
consisting of intraluminal signal confined only to the 
end-diastolic image. Only 1 patient with pressure less 
than 90 mm Hg had pulmonary artery signal on the 
images obtained during systole (Fig. 6). 


Discussion 


MRI with electrocardiographic gating defined several 
characteristic anatomic features in patients with PA 
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FIGURE 4. Top, relation between systolic pulmonary artery pres- 
sure and right ventricular wall thickness. Bottom, relation between 
mean pulmonary artery pressure and diastolic right ventricular wall 
thickness. 
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hypertension. The main PA was enlarged in all the pa- 


tients with PA hypertension, including those with mild _ 


elevation of PA pressure. In our study population sys- 


tolic PA pressure and diameter of the main PA corre- _ 


lated well (r = 0.76, SEE = 21 mm Hg, n = 13). 
An interesting finding was the presence of PA signal 
during systole in patients with severe PA hypertension. 


Generally, blood flowing in a laminar fashion at normal - 


velocity in large blood vessels causes no intraluminal 


magnetic resonance signal during systole. In this study, - 


none of the normal subjects had magnetic resonance 
signals in the PAs during systole. In severe PA hyperten- 


sion, it is expected that blood will be flowing at lower _ 
velocity and, consequently, cause intraluminal signal. — 


In fact, 11 of the 12 patients with a systolic PA pressure 


greater than 90 mm Hg had magnetic resonance signal - 
in their PAs during systole. This low flow situation may : 
be the cause or the result of thrombosis within the PAs. | 
In a recent study? lung tissue obtained at autopsy from — 
56 patients with primary PA hypertension revealed - 
thrombotic material within the PAs in 57% of the - 
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FIGURE 5. Relation between systolic pulmonary artery (PA) pressure 
and septal curvature. Patients with pressure greater than 90 mm Hg had 
either a straight or concave septum. Open circles represent values from 
normal volunteers, where pressures were not measured but assumed 
to be normal on the basis of physical examination. 
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FIGURE 6. Relation between systolic pulmonary artery (PA) pressure 


and intraluminal signal on magnetic resonance images. 1/5 = signal 


only during diastole; 3/5 = signal present to midsystole; and 5/5 = 


1 patient with a pressure greater than 90 mm Hg did not have signal E 
during systole and only 1 patient with pressure less than 90 mm Hg had - 


a signal throughout systole. MRI — magnetic resonance imaging. 
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.. cases. Consequently, one must differentiate the signal 
. from slow flow from that produced by intraluminal 
thrombosis. This is usually possible, because throm- 
_ bus causes intraluminal signal on the first echo image 
but the signal decreases in intensity on the second 
echo image. In contrast, slow flow usually produces no 
signal in the first echo image but substantial signal on 
the second echo image.’ 

Several investigators®-!2 have used noninvasive 
methods to predict the PA pressure. Systolic time in- 
tervals and the pattern of pulmonic valve motion on 
M-mode echocardiography have been inconsistent in 
their accuracy for predicting PA pressure. However, 
high-quality echocardiographic tracings cannot be re- 
corded in every adult patient, especially in patients with 
lung disease.!? 
= MRI detected a secondary cause of PA hyperten- 
- Ssion—Eisenmenger's syndrome. Its capability to detect 
anatomic defects in patients with congenital heart dis- 
. ease was shown in a previous study.!4 
—. The results of this study suggest that MRI may be a 
useful noninvasive technique for diagnosing the pres- 
. ence of PA hypertension and assessing its severity. In 

cases of Eisenmenger's syndrome, MRI detected the 
anatomic defects in these patients. Consequently, MRI 
may serve as a noninvasive technique for the diagnostic 
assessment of patients with suspected PA hypertension 
and provide insight into the cause and the severity of 
PA hypertension. 
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Early Cardiac Changes Related to Radiation Therapy 


MARKKU J. IKAHEIMO, MD, KARI O. NIEMELA, MD, MARKKU M. LINNALUOTO, MSc, 
MATTI J.T. JAKOBSSON, MD, JUHA T. TAKKUNEN, MD, and PENTTI J. TASKINEN, MD 





To investigate the incidence and severity of possible 
radiation-induced cardiac changes, 21 women 
without heart disease were investigated serially by 
echocardiography and by measuring systolic time 
intervals before and up to 6 months after postoper- 
ative radiation therapy because of breast cancer. 
Radiation was associated with a decrease in frac- 
tional systolic shortening of the left ventricular (LV) 
minor-axis diameter, from 0.35 + 0.05 to 0.32 + 
0.06 (p <0.005), and in the systolic blood pres- 
sure/end-systolic diameter ratio, from 4.4 + 1.2 to 
3.9 + 0.9 mm Hg/mm (p <0.005). The mitral E 
point-septal separation increased, from 2.8 + 1.5 


to 4.2 + 2.5 mm (p <0.005). The preejection pe- 


riod/LV ejection time ratio of systolic time intervals 
increased, but only the decrease within 6 months 
after therapy was significant (p <0.005). All these 


changes reflect slight transient depression of LV 
function, which became normalized within 6 months 


after therapy. Up to 6 months after therapy, a slight 
pericardial effusion was found in 33% of the 


patients. Hence, conventional radiation therapy _ 


appeared to cause an acute transient and usual- 
ly symptomless decrease in LV function, and later, 
slight pericardial effusion in one-third of the pa- 
tients. (Am J Cardiol 1985;56:943-946) 





Radiation to the mediastinum causes cardiac changes. 
In autopsies and in clinical studies, fibrosis and thick- 
ening of the pericardium has occasionally led to peri- 
cardial concretion and tamponade,'~’ myocardial fi- 
brosis,-?7-10 endocardial fibrosis sometimes causing 
valve disease,!-?:7-? and coronary artery disease owing 
to coronary artery fibrosis or accelerated atherosclerosis, 
or both.^?,/^1011 However, most of these studies were 
performed retrospectively, several years after radiation 
therapy and usually because of Hodgkin's disease; thus, 
less information is available concerning acute cardiac 
changes and their incidence after radiation in humans. 
The present study investigates noninvasively the pos- 
sible acute cardiac changes and their incidence during 
and after postoperative radiation therapy because of 
breast cancer. 


Methods 


Patients: Twenty-four consecutive women with breast 
cancer, treated with radical mastectomy but not with cytotoxic 
or other drugs, were investigated. Three patients were ex- 


cluded from the study, 1 because of combined mitral valve 


disease and 2 because of difficulty in echocardiographic ex- 
amination. In the remaining 21 women the ages ranged from 
31 to 59 years (average 45). No patient had evidence of me- 
tastases at the time of the study. One patient had had chest 
pains 10 years previously when she used contraceptive pills, 


but no cardiac disease was found and she has since been 
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symptomless. Another patient had occasional palpitations, 
but all other patients had no cardiac symptoms before ra- 
diation therapy. One patient was taking thyroxin substitution 
therapy because of previous thyroidectomy. Ten patients had 
undergone left-sided and 11 had undergone right-sided radical 
mastectomy before the study. 

Four patients had slight mitral valve prolapse seen on 
echocardiography and at clinical investigation. Two patients 
had slight T inversions in chest leads V; and V» seen on elec- 
trocardiography before radiation. All other patients had 
normal cardiac status before radiation therapy. 

All patients were treated with cobalt-60 gamma radiation 
from 2 frontal fields: 1 parasternal and 1 neck-axillary, with 
10 X 400 rads every other day for 24 days. The operation field 
was radiated by 250-kV radiographs laterotangentially. The 
parasternal field was 8 X 16 cm from the upper margin of the 
sternum (Fig. 1). The radiation dose to the heart was esti- 
mated from the isodose curve superimposed on the transversal 
computerized tomographic picture of the heart (Fig. 2). The 
maximal dose to the base, right atrium and right ventricle of 
the heart was about 3,600 rads, and the corresponding cu- 
mulative radiation effect 1,467 rets or timedose-fractionation 
factor 79. The minimal dose to the heart in the radiation field 
was about 60% of the field dose. 

The studies were done before and immediately after com- 
pletion of the radiation therapy, and 3 and 6 months after- 
ward. 'The investigation consisted of physical examination, 
a standard 12-lead electrocardiogram, chest x-ray,!? mea- 
surement of systolic time intervals and echocardiography. 

Systolic time intervals were measured with a Hewlett- 
Packard contact transducer 21050A and a multichannel ul- 
traviolet recorder at a paper speed of 150 mm/s using a 
standard technique.!^ Measurements were averaged from 10 

' consecutive cardiac cycles. 

Echocardiograms were recorded by the same echocardi- 
ographer using a standard echocardiographic technique and 
patient's position, with ATL Mark III 2-dimensional echo- 
cardiographic equipment at a paper speed of 50 mm/s. M- 
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. mode measurements were made from 5 consecutive cardiac 
cycles according to the recommendations of the American 
Society of Echocardiography!? without knowledge of the 
chronologic order of the recordings. 

Statistical comparisons between different patient groups 
J. were made using a Student t test. Differences between serial 
measurements of variables were calculated using nonparam- 
etric statistical methods: Friedman's 2-way analysis of vari- 
ance and Wilcoxon's test. 


Results 


Symptoms and physical examination: Two pa- 
tients with pericardial effusion complained of slight 
exertional dyspnea. One patient had slight exertional 
. dyspnea at 3 months after therapy, but there were no 
changes in the results of noninvasive study. One patient, 
in whom there was a slight depression in LV function, 
complained of dizziness and palpitation after therapy 
and another patient complained of fatigue 3 months 
. after therapy. The other 16 patients (76%) were 

_symptomless. 

No friction rub was heard in patients with pericardial 
effusion. Diastolic blood pressures were higher in the 
patients with the right breast removed than in those 
with the left breast removed before radiation therapy 
(88 + 14 vs 75 + 7 mm Hg, p <0.05) and 6 months after 
therapy (91 + 15 vs 77 + 7 mm Hg, p <0.05). Systolic 
- blood pressure decreased in patients with the right 
breast removed between the studies before and imme- 
. diately after therapy, from 141 + 25 to 127 + 21 mm Hg 
(p <0.005), and the difference was still significant be- 
tween the studies before and 6 months after therapy 
- (141 + 25 vs 133 + 26 mm Hg, p <0.05). There were no 
differences or changes in heart rate except that 3 
months after radiation the heart rate was faster in pa- 
tients with than in those without pericardial effusion 
(83 + 9 vs 72 + 13 beats/min, p <0.05). The blood he- 


-= moglobin, packed blood cell volume and serum calcium 


concentration did not change significantly between 
studies. 

Electrocardiogram and chest x-ray: New elec- 
trocardiographic changes after therapy were seen in 4 
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FIGURE 1. Chest radiograph showing the parasternal field of radiation 
(8 X 16 cm?). Dotted line represents the computerized tomographic 
plane of Figure 2. 





patients (1996) (Fig. 3): T inversions in 3 and slight 
ST-segment elevation in 1. In the 3 patients with new 
electrocardiographic changes, fractional shortening and 
(in 1) preejection period/LV ejection time ratio (PEP/ 
LVET) were abnormal immediately after radiation 
therapy and in 1 patient PEP/LVET also at 3 months. 
The only significant change noted in relative cardiac 
size measured from chest radiographs!” was that it 
decreased in patients whose left breast was removed 
between the studies immediately after therapy and 3 
months later, from 374 + 55 to 347 + 48 ml/m? (p 
« 0.005). 

Echocardiography (Table I): No patients had re- 
gional LV wall motion abnormalities during 2 dimen- 
sional real-time study. Fractional shortening decreased 
between the studies before and immediately after ra- 
diation therapy (from 0.35 + 0.05 to 0.32 + 0.06 [p 
<0.005]), and mitral valve E point-septal separation 
(EPSS) increased, respectively (from 2.8 + 1.5 to 4.2 + 
2.4 mm [p «0.005]) (Fig. 4). Fractional shortening 
increased again between the studies immediately after 
therapy and at 6 months, from 0.32 + 0.06 to 0.35 + 0.06 
(p <0.005). In our laboratory the intraobserver variation 
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FIGURE 2. Top and bottom, transversal computerized tomography plane 
with isodose curves. Numbers represent percentages of the total dose 
of 4,000 rads. 


yp 








* p <0.005; ! p «0.05. 
All values are expressed as mean + standard deviation. 


EDD = end-diastolic diameter; EPSS = mitral valve E point-septal separation; ESD = end-systolic diameter; FS = fractional shortening of left — 
LV ejection time index; mVCF = mean velocity of LV circumferential fiber shortening; 
preejection period index; PEP/LVET = preejection period/LV ejection time; SBP = systolic blood pressure. i 


ventricular minor axis diameter; LV = left ventricular; LVETI = 


PEPI = 


for serial measurements of fractional shortening is 0.02 
or less and of EPSS 2 mm or less in patients with normal 
cardiac size. In 16 patients the decrease of fractional 
shortening was 0.03 or more and in 8 patients the in- 
crease of EPSS was 3 mm or more. If 0.26 is taken as the 
lower limit of normal fractional shortening, it was found 
to be abnormal (0.25, 0.17 and 0.22) in 3 patients at the 
completion of therapy; in all other studies it was within 
normal limits. The systolic blood pressure/end-systolic 
diameter ratio decreased between the studies before and 
immediately after radiation therapy (from 4.4 + 1.2 to 
3.9 + 0.9 mm Hg/mm [p <0.005]), and increased again 
between the studies immediately after therapy and at 
6 months (from 3.9 + 0.9 to 4.3 + 1.3 [p <0.005]). There 
were no differences in echocardiographic results be- 
tween patients with the right or left breast removed. 
Seven patients (33%) had slight pericardial effusion: 
one immediately after radiation, one 3 months after and 
five 6 months after therapy (Fig. 3). There were no 
differences in results reflecting LV systolic performance 
between the patients with and those without pericardial 
effusion, except that changes in the systolic blood 
pressure/end-systolic diameter ratio were significant 
in those without than those with pericardial effusion. 
Systolic time intervals (Table I): The PEP/LVET 
ratio increased insignificantly between the studies be- 
fore and immediately after radiation, but decreased 
significantly between the studies immediately after 
radiation and 6 months after therapy, from 0.38 + 0.05 
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FIGURE 3. Incidence of new electrocardiographic (ecg) changes, ab- 
normal fractional shortening (FS) and preejection period/left ventricular 
ejection time (PEP/LVET) ratio and pericardial effusion after radiation 
therapy, expressed as percentages of total number of the patients. 
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TABLE | Changes in Echocardiographic Measurements and Systolic Time Intervals 
Left Atrial LVEDD LV ESD  SBP/ESD mVCF EPSS PEPI LVETI PEP/LVET 
Diameter (mm) (mm) (mm) (mm Hg/mm) (circ/s) (mm) (ms) (ms) Ratio 
Before radiation 33 +6 4815 32+4 je 0.35 + 0.051 1.14 + 0.22 2.8 + 1.5]] 134 + 13 417+ 17 0.35 + 0.05 - 3H 
3 months later 3225 47:5 3124 423 1 0.34 + 0.041 1.13 £ 0.17 7 40117 136 + 14 414 + 13 0.36 + 0.06* 
6 months later 33 + 6 48+4 3144 4.3 4 13] 0.35 30.06] 1.19 + 0.28 3941.8 1329 418 t 15 0.34 + 0.04] 
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to 0.34 + 0.03 (p <0.005) (Fig. 4). If 0.44 is taken as the 


ae 
- 


upper limit of normal,? the PEP/LVET ratio was ab- 1 


normal in 4 patients immediately after radiation and - 
in 2 of these 4 patients 3 months after therapy (Fig. 3). 
There were no differences in systolic time intervals . 


between patients with and without pericardial effusion, — . 
or between patients with the right and those with V E. 


left breast removed. 


Discussion 
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Radiation may induce both acute and chronic cardiac E | 


changes. After accidental fatal radiation, acute changes | 
include myocardial perivascular edema and hemor- 
rhage, leukocytes scattered in the epicardium and — 
pericardial effusion.!^!6 In therapy, radiation doses 
may still be enough to cause acute changes in ventricular 
function. Using echocardiography and measurements 
of systolic time intervals of the left ventricle, we dis- - 
covered transient slight depression in LV function re- 


lated to radiation therapy. Fractional shortening and . 


EPSS" correlate fairly well with LV ejection fraction, 
the latter negatively, when the left ventricle is of normal 
size and contracts symmetrically, as in our patients. The 


systolic blood pressure/end-systolic diameter ratio may 
reflect LV myocardial contractility better than frac- - 


tional shortening,!? but because we did not manipulate 
the afterload, the message of this measurement is lim- 
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FIGURE 4. Changes of preejection period/left ventricular ejection time p 
(PEP/LVET) ratio and fractional shortening (FS) related to radiation — - 
therapy, p «0.005. B 


Bez. MOSES Tara 1 eq P INTO id 
ri Se 2 Nr TL v o Teri —— wh! "ue MTS, ^a Ec. cat n 





A -y u ki A. 4 
HIEMS L3 Jua 
IURE E Tl NL. 


ee GL 


ited.!? Blood pressures were measured from the right 
arm, so local changes may partially explain changes of 
blood pressure in patients with the right breast re- 


moved. However, the trend in changes of systolic 


blood pressure/end-systolic diameter ratio was equal 
in patients with the left breast removed as in the group 
as a whole. | 

Fractional shortening and systolic blood pressure/ 
end-systolic diameter ratio decreased, and EPSS in- 


= creased immediately after radiation therapy; they re- 


turned to normal levels within 6 months after radiation. 
The changes in the PEP/LVET ratio in our patients also 
reflect transient depression of LV function.” Al- 
though we did not have a control group who received 
radiation therapy elsewhere except in the heart, the 
changes in LV function were obviously caused by the 
direct effects of radiation in the heart. For instance, a 
possible peripheral vasodilation or increased sympa- 
thetic stimulation would increase and not decrease LV 
function. Our results are in agreement with those of 
Arom et al?! in dogs. After a total dose of 5,000 rads, 
LV function decreased, expressed as cardiac output 
and stroke volume at rest and during volume overload. 
The measurements were lowest at 3 months after ther- 


 apy and became normal within 7 months. 


Only 3 patients had abnormal fractional shortening 
and 4 had abnormal PEP/LVET ratio after therapy. Al- 
though the acute cardiac effects of radiotherapy do not 
seem to cause clinical symptoms or problems in patients 
with normal cardiac function, the situation may be 
different in patients with cardiac failure. Only 1 patient 
had pericardial effusion immediately after radiation; 
thus, the acute cardiac effects of radiation appear to be 
more myocardial than pericardial. 

Radiation may also lead to chronic cardiac changes 
months or usually years after exposure.'^?? In the 
myocardium there may be fibrosis and in the pericar- 


~ dium thickening and effusion.?2?-?* Myocardial 


changes may cause a decrease in LV size, suggesting 
restrictive cardiomyopathy and a decrease in systolic 
ventricular function, especially during exercise.”° Ac- 
cording to our results, acute changes in LV function 
disappear within 6 months after therapy and future 
control studies will show if LV size or function changes 
again. 

. Pericardial effusion was found in 33% of our patients, 


occurring mostly 6 months after therapy. In earlier 


studies its incidence has varied from 6 to 3096.46.25 For 
instance, in the study of Applefeld et al6 the incidence 
was 11%, but all the patients were symptomatic. By- 
hardt et al* found a 29% incidence of pericardial effusion 
using measurement of cardiac size from the chest ra- 
diographs, of which 86% had effusion within 1 year after 
therapy. Echocardiography is much more sensitive in 
detecting pericardial effusion than chest radiography, 





so the 33% incidence in our patients compares well with 
other reports. Of the patients with pericardial effusion, 
only 1 had depression of LV function after therapy 
(fractional shortening 0.22 and PEP/LVET 0.47), and 
the measurements reflecting LV function did not 
change significantly in those with pericardial effusion. 
Thus, the mechanism by which radiation causes a 
pericardial reaction may be different from that leading 
to a myocardial reaction. 
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Reproducibility of Left Ventricular Area and Volume 
Measurements Using a Computer Endocardial 
Edge-Detection Algorithm in Normal Subjects 


DONALD A. CONETTA, MD, EDWARD A. GEISER, MD, LESLIE H. OLIVER, PhD, 
ALAN B. MILLER, MD, and C. RICHARD CONTI, MD 


The variability of serially recorded 2-dimensional 
echocardiograms in normal subjects was deter- 
mined. During a 2-week period, 10 normal subjects 
underwent echocardiography 5 times, in 2 labora- 
tories, with use of different ultrasonographs. The 
video recordings were analyzed using a computer 
image analysis system (Quantic 1200) to provide 
standardized left ventricular short-axis areas and 
area ejection fraction (EF). Left ventricular volumes 
and volume EF were calculated. The 95% confi- 
dence limits of the percent difference for end-dia- 
stolic area and volume between 2 samples in a given 


'Two-dimensional (2-D) echocardiography is a nonin- 
vasive method for following changes of left ventricular 
(LV) function in patients with heart disease. Because 
no standard exists for accurately calculating LV volume 
in patients in vivo, definition of the day-to-day vari- 
ability of 2-D echocardiographic measurements is im- 
portant. A recent study! calculated the 95% confidence 
limits for percent change of end-diastolic and end-sys- 
tolic volumes and change in ejection fraction (EF) on 
serial 2-D echocardiograms. The study group included 
20 normal and 10 abnormal hearts. Measurement 
variability has been noted to be greater in normal than 
in abnormal hearts using several imaging techniques.!? 
Thus, the confidence limits established from their 
mixed population may be narrower than those of a 
normal population. Also, the LV volumes in the previ- 
ous study were calculated from manually defined en- 
docardial areas that incorporated a potentially large 
component of variability related to observer bias and 
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subject were + 16.8 and + 16.7 %, respectively. The 
limits for end-systolic area and volume were +15.8 
and +17.0%, respectively. The 95% confidence 
limits for differences of area and volume EF between 
2 recordings were +12.8 and +9.7 96, respectively. 
No correlation was found between clinical grade 
(image quality) and the variability of area mea- 
surements. A good correlation (r — 0.98) was found 
between area and volume EF for any given subject 
over the 5 observations. These confidence limits are 
narrower than those previously recorded. 

(Am J Cardiol 1985;56:947-952) 


image quality. In the present study normal subjects 
underwent serial imaging to include the variability ex- 
pected during routine clinical laboratory 2-D exami- 
nations. However, a computer image analysis system 
(Quantic 1200, Bruce Franklin Inc.) was used to provide 
LV area measurements. The objective of this study was 
to quantify the variability of serial measurements of 2-D 
LV cross-sectional areas and calculated volumes in a 
normal population using a computer image analysis. 


Methods 


Study design: The study group consisted of 10 adult vol- 
unteers, 5 men and 5 women, mean age 30 years (range 20 to 
49). Entrance criteria were absence of clinical evidence for 
cardiovascular disease and a 2-D echocardiogram considered 
adequate for diagnostic purposes in our clinical laboratories. 
Five subjects underwent imaging with use of a Mark 500 ATL 
mechanical sector scanner at the Shands Teaching Hospital 
at the University of Florida, and 5 subjects underwent imaging 
with an Irex Systems IIIA phased-array scanner at the Uni- 
versity Hospital of Jacksonville, Florida. Each subject un- 
derwent imaging at approximately the same time of day, in 
a semirecumbent, left lateral decubitis position, from the same 
intercostal space and by the same technician. While moni- 
toring a lead II electrocardiogram, recordings were made of 
the LV midpapillary muscle, the short-axis image having the 
greatest short-axis diameter and the roundest endocardial 
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. contour (papillary muscles excluded). An apical 4-chamber 

view was also obtained with the patient in the left lateral de- 
cubitus position. This view was recorded with good visual- 
ization of the lateral wall endocardium and vertical orientation 
of the ventricular septum in the field, and when maximal 
long-axis length and maximal minor-axis dimensions were 
considered present. Betamax and !5-inch VHS video tape 
recordings of 10 to 20 cycles were obtained over 9 days on a 
Monday, Wednesday, Friday, Monday, Wednesday schedule. 
The previously mentioned internal landmarks and review of 
previously recorded images of each subject were used by the 
technicians to match cross-sectional recordings from day to 
day. Instrument gain was adjusted to the lowest level that 
provided the most continuous endocardial border while 
avoiding bloom around endocardial targets and excessive echo 
dropout. 

Image analysis: Images were considered adequate for 
analysis if approximately 60% or more of the endocardium 
could be visualized throughout the cardiac cycle. Each re- 
cording was graded by 1 observer on a 1+ to 4+ scale to pro- 
vide an index of image quality. A grade of 1+ indicated that 
the endocardial borders could be discerned; however, as much 
as 40% of the endocardial border (not in adjacent quadrants) 
could be missing during several frames in the cardiac circle. 
A grade of 2+ indicated that 20 to 30% echo dropout occurred 
on several frames, and artifact or bloom around the endo- 
cardial border provided targets that were not true endocar- 
dium and potentially confusing to analysis. A grade of 3+ 





FIGURE 1. Subject 5. An end-systolic video frame showing: a, left 
ventricular short-axis image; b, manually traced endocardial border 
superimposed on the image in panel a; c, region of search superim- 
posed on the image in panel a; d, computer-generated endocardial 
border superimposed on the image in panel a. 
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indicated a study in which the borders were nearly continuous 
throughout all frames of the cycle. Image dropout (10 to 
20%) and artifact were minimal. A grade of 4+ indicated that 
the borders were continuous with no potentially confusing 
artifacts. 

Cycles were selected randomly for analysis from daily re- 
cordings of each subject. The cycles were analyzed using a 
Quantic 1200 image analysis computer. The first step was the 
digitization of the selected video images and storage on digital 
disk. These stored cycles were then redisplayed, allowing the 
observer to select a single cardiac cycle for image analysis (Fig. 
la). The observer was asked to use a joystick-controlled cursor 
to calibrate the image using a centimeter scale from the video 
recording of the echo, and to designate an area of interest to 
direct the computer search for endocardial echoes. This latter 
step requires the observer to trace end-diastolic and end- 
systolic endocardial borders (Fig. 1b). Then, the manually 
traced end-diastolic border was expanded while the end- 
systolic border was contracted to provide the computer with 
a doughnut-shaped region of search (Fig. 1c). The manual 
tracings were not used in the remainder of the process. On 
each serial frame, the computer generated a set of borders 
using image-processing algorithms within the search region. 
The edge-detection algorithm first seeks endocardial echoes 
within the designated area by searching outward from the 
center of the left ventricle in a radial direction along 64 rays. 
As it searches, it uses an adaptive thresholding technique* to 
identify points where a shift in pixel gray level intensity oc- 
curs, consistent with a change in gray level that one would 
expect it to encounter when moving from LV cavity to myo- 
cardium. This set of radial points then provides a rough, static 
endocardial border. This rough border is modified by the 
computer using spatial and temporal smoothing algorithms 
(Fig. 1d). These procedures refine the rough borders by 
applying constraints to the sequential rough borders (frame 
to frame) that will conform to the physiologic, temporal and 
spatial properties of myocardial motion (i.e., the algorithm 
provides borders limited by the maximal expected distance 
a true endocardial point can move from frame to frame ad- 
justed for heart rate [Fig. 2]). 

The long-axis length was measured by digitizing a point in 
the center of the mitral valve plane and 1 at the midpoint of 
the cardiac apex and on end-diastolic and end-systolic frames 
from 3 consecutive cycles. Long-axis lengths were not available 
for 3 patients on 1 of the 5 observation days. The computer- 
generated borders, heart rate, computed end-diastolic and 
end-systolic areas and the long-axis lengths were stored on 
floppy disk for subsequent analysis. 

Data reduction: The computed areas from 3 cycles re- 
corded on the same day in the same subject were averaged to 
provide a single end-systolic and end-diastolic area, as well 
as an area EF observation. Area EF was computed as [(end- 
diastolic area — end-systolic area)/end-diastolic area] X 100. 
End-diastolic and end-systolic volumes were calculated as V 
= % AL, where V = volume, A = short-axis area and L = 
long-axis length. Volume EF was computed as [(end-diastolic 
volume — end-systolic volume)/end-diastolic volume] X 100. 
The mean + standard deviation of the areas, lengths, volumes, 
and area and volume EF observations for each subject and the 
group were calculated. 

Differences, observed 95th percentile values and cor- 
relations: Absolute differences between any 2 end-systolic 
and end-diastolic areas, volumes, and area and volume EF 
observations for a subject were calculated. The mean differ- 
ences were calculated and tabulated for each subject over the 
5 observations in the study (Table I). Similarly, percent dif- 
ferences (disregarding sign) between any 2 end-systolic and 
end-diastolic area and volume measurements for a subject 
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FIGURE 2. A, computer hard-copy output showing short-axis papillary muscle endocardial border measurements of area, perimeter (Perim), and 4 
area change fraction for a single cycle in subject 1. B, computer hard-copy output of a cardiac cycle recorded during a second sampling period — 
in the same patient. BSA = body surface area; ED = end-diastolic; ES = end-systolic. 
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were calculated. All within-subject area and volume percent 
differences and area and volume EF differences were sorted 
by computer and arranged in a percentile distribution to de- 
termine their observed 95th percentile values (‘Table II). The 
mean percent difference between area and volume determi- 
nations for each subject throughout the study was also com- 
puted (Table I). Each subject’s mean percent area differences 
and mean area EF differences were regressed on the mean 
clinical grade of his 2-D images. Volume EF was regressed with 
the area EF from the same subject. 

Ninety-five percent confidence limits for group data: 
The mean (+ standard deviation) percent differences for 
end-diastolic area, end-systolic area, end-systolic volume, 
end-diastolic volume and mean differences for area and vol- 
ume EF for the group were computed and tabulated (‘Table 
I). Ninety-five percent confidence limits for these group means 
were computed as: confidence limits = t 5 (standard 
deviation)/./n, where t represents the t statistic for n-1 de- 
grees of freedom at the 5% confidence level and n = the 
number of subjects.! (Table II). 

Ninety-five percent confidence limits for individual 
subjects: The natural logarithms of end-diastolic and end- 
systolic area, end-diastolic and end-systolic volume, and area 
and volume EF values were entered into an analysis of vari- 
ance to determine the within-subject’s mean square differ- 
ences (variance) over the 5 observations. This provided us with 
an estimate of the variability of serial recordings in a given 
subject. The 95% confidence limits for percent difference 
(variability) between observations of an echo measure- 
ment was calculated as log X9 — log X; = tiogs5ap X 
V2 (within-subject’s variance), where X, and X; = 2 echo 
measurements in a given subject and df = degrees of free- 
dom. When the inverse log of both sides of the equation was 
taken, the computed 95% confidence limit equaled the ratio 
Xo/X 1, where X5 is a measurement value that is greater than 
X1. The t(o85,5) = the 95th percentile value of the t statistic 
for the appropriate df. These data were converted to percent 
by taking the fractional portion of the X5/X, ratio and 
multiplying by 100. Area and volume EF 95% confidence limits 
were converted from percent difference to difference by 
multiplying the confidence limit with the mean EF value 
computed by the analysis of variance (Table II). 

Variability of repeated measurements of a cardiac 
cycle: One cycle from each subject was analyzed 3 times by 
the same observer using the Quantic 1200 to evaluate the 
variability (intraobserver) associated with the use of the 
computer image analysis system. The maximal percent dif- 
ferences noted between pairs of area and volume EF mea- 
surements were averaged. The 3 areas and area EF measure- 
ments for each subject were averaged and a coefficient of 
variation (standard deviation/mean) was calculated (ex- 
pressed as percent). A mean coefficient of variation for the 
group was computed as the mean of all the subjects' individual 
coefficients of variation (Table III). 


Results 


'The mean computer-generated midpapillary muscle 
short-axis end-diastolic area and end-systolic area were 
16.39 + 0.83 and 8.63 + 0.47 cm?, respectively. The 
mean area EF was 47.48 + 5.13%. End-diastolic and 
end-systolic long-axis lengths were 8.4 + 0.62 and 7.30 
+ 0.61 mm, or a 14.04 + 2.4% change during the cycle. 
The end-diastolic and end-systolic volumes calculated 
for these data were 116.93 + 23.35 and 53.50 + 12.11 
ml, respectively. The volume EF was 54.50 + 4.6%. 

Regression of the area and volume EF revealed an 
excellent correlation (r = 0.98). However, regression of 
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TABLE Il Observed and Predicted 95 % Limits for Area, Volume and Ejection Fraction Differences 


End-Diastolic 
Percent Difference 
Area Volume 
Observed 95th percentile values 17.3 (50) 17.4 (47) 
95% confidence limit for a subject 16.8 (50) 16.7 (47) 
Group 95% confidence limit 2.9 (10) 1.9 (10) 


Numbers in parentheses indicate number of observations. 


End-Systolic Ejection Fraction 
Percent Difference Difference (%) 
Area Volume Area Volume 
15.2 (50) 17.8 (47) 11.0 (50) 9.5 (47) 
15.8 (50) 17.0 (47) 12.8 (50) 9.7 (47) 
0.90 (10) 1.2 (10) 1.3 (10) 1.6 (10) 


TABLE Ill Maximal Absolute and Percent Differences of Areas, Maximal Area Ejection Fraction Differences and Their 
Coefficients of Variation for Repeated Measurements of the Same Cycle 


End-Diastolic Area End-Systolic Area Area Ejection Fraction 
Differences CV Differences CV Difference CV 

Sub cm? % (%) % (%) % 96 

1 0.42 2.5 1.3 0.21 2.3 1.2 1.5 1.6 

2 0.60 4.5 2.5 0.14 2.1 1.1 3.3 3.6 

3 0.48 3.6 2.1 0.41 4.8 2.5 1.9 2.6 

4 0.46 3.5 1.9 0.05 0.7 3.8 1.7 2.0 

5 1.12 4.8 2.6 0.83 6.5 3.8 1.3 1.4 

6 1.26 5.6 3.1 0.25 2.5 1.3 wT 1.5 

7 0.68 4.1 2.2 1.96 18.2 10.0 9.5 11.8 

8 0.90 5.6 3.2 0.90 9.8 5.4 2.6 3.0 

9 0.76 4.0 3.0 0.35 4.9 2.6 0.3 0.2 

10 0.32 2.0 2.9 0.65 7.0 3.6 3.1 3.6 
Mean 0.76 4.42 2.60 0.56 5.65 3.20 3.08 3.60 
+SD +0.38 +1.73 +0.90 +0.57 +3.80 +2.90 +2.40 +3.10 


CV = coefficient of variation; SD = standard deviation; Sub. = subject. 


mean clinical grade with end-diastolic area, end-systolic 
area and area EF revealed essentially no correlation, i.e., 
the r values were 0.14, 0.10 and 0.41, respectively. 


Discussion 


The variability of repeated measurements of LV 
volume and EF has been estimated using serial angio- 
graphic,’® radionuclear ventriculographic and, more 
recently, echocardiographic!-??.!? imaging in humans. 
Some studies!-? have shown greater variability of serial 
LV measurements in normal subjects than in patients 
with heart disease. Quantification of that variability in 
serial 2-D echocardiographic measurements not related 
to a disease process is necessary if 2-D echocardiography 
is to be used to follow changes in LV function. Serial LV 
volumes and EF were computed from an area-length 
equation using areas from manually traced endocardial 
borders of apical 4-chamber views on 2 days by Gordon 
et al! in 10 normal subjects and 20 patients with coro- 
nary artery disease. Their 95% confidence limits for 
percent change (computed as 2 times the standard de- 
viation) were 15% between measurements of end-dia- 
stolic volume, 25% for end-systolic volume and 10% for 
EF to detect real changes, i.e., not owing to measure- 
ment error. However, confidence limits computed from 
their normal subject data was 16.3% for end-diastolic 
volume, 30% for end-systolic volume and 11.6% for EF. 
The present study was designed to simulate the vari- 
ability one would expect from serial measurement of 
normal echocardiograms from different clinical labo- 
ratories. However, area measurements were made by a 


computer image analysis system to reduce variability 
due to observer bias in border identification. 

Our study revealed that the predicted 95% confidence 
limits for percent differences encountered in the serial 
recording of echocardiograms for a given subject was 
16.7% for end-diastolic volume, 17.0% for end-systolic 
volume and 9.70% for volume EF. While our individual 
and group 95% confidence limits for end-diastolic vol- 
ume were similar to those found by Gordon et al,! those 
for end-systolic volume and volume EF were less than 
calculated for their normal subjects or their entire study 
group. 

The differences between the confidence limits ob- 
served in both investigations may be related to a num- 
ber of factors; the most significant is probably the 
method of border identification. The computer algo- 
rithm uses a thresholding technique to determine the 
peak gray levels indicating endocardial echocardio- 
graphic targets. On visual inspection, computer-gen- 
erated borders appear to go through the midpoint of the 
leading edge of endocardial spots, a more important 
factor in end-systole when there is more coalescence and 
enlargement of the spots. Spot size or phosphor bloom 


around video images of echocardiographic targets have — 


been related to gain amplification of the signal in the 
dynamic range of the echocardiograph.!! Thus, this 
computerized method appears to choose consistent 
border points throughout the cycle that are relatively 


gain independent. In a previous study,’ inner edge © 


border points (the black-white endocardial interface) 
were used to reduce observer bias and increase consis- 
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_ tency of manually traced endocardial boundaries. This 
inner-edge technique has been noted to be gain-de- 
pendent in in vitro and in vivo studies.!? Therefore, the 
larger variability of end-systolic volume noted by Gor- 
don may be related to the gain dependence of their 
border identification method. However, the com- 
puter-generated areas are less open to subjective deci- 
sions made by the operator and therefore more consis- 
tent. This is shown in Table III, in which the maximal 
percent differences between values from repeated ob- 
servation of the same cycle for the various area and area 
EF measurements ranged from 3.1 to 5.7%. The coeffi- 
cients of variation for those repeated measurements 
ranged from 2.6 to 3.6%. The method for volume cal- 
culation in the prior study! required the imaging of an 
apical 4-chamber view. In this view the endocardial 
borders are less well seen in general (regardless of gain 
amplification) and this may have led to uncertainty of 
the location of the borders and contributed to the in- 
— creased variability of volume calculations. Volume was 
calculated as V = 8A(?57)L, where A = long-axis area 
and L = long-axis length. In the present study, we used 
a short-axis view, which has more endocardial surface 
perpendicular to the interrogating echo beam and 
generally provides better definition of endocardial 
boundaries. Although 2 different area-length methods 
. for determination of volume were used in each study, 
it is not clear that there is more variability associ- 
ated with one or the other in terms of the volume 
calculations. 

-= However, variability of area measurements will have 
a greater impact on volume and EF confidence limits, 
. as area magnitudes (16.4 to 8.6 cm?) and percent change 
_ (47.5%) during the cardiac cycle are greater than those 
_ for length (8.4 to 7.3 cm, 14%). 

Our confidence limits of LV area and area EF are 
similar to those found for LV volumes and volume EF. 
'The predicted 9596 confidence of these measurements 
are very similar to the observed 95th percentile value 
measured from our study group. Also, there is an ex- 
- cellent correlation (r = 0.98) between area and volume 
EF. Similarly, the group area and volume-observed 95th 
percentile values and 95% confidence limits differed by 
196 or less. In view of these findings, we propose that 
short-axis area and area EF could be used as indexes of 
. LV function. 

Our method has limitations: The use of LV short-axis 
cross sections, which may not be available in all patients, 
and the fact that our confidence limits were computed 


from an analysis of variance of measurements in a nor- 
mal group. Although the limits are narrower than those 
previously observed,! other studies!-? have shown that 
the variability of serial measurements of LV volumes 
and EF can be greater in normal than in diseased hearts. 
Thus, the limits proposed by this study may not detect 
small differences between examinations because of 
disease in abnormal hearts. However, because of the 
significant variations in cardiac anatomy with different 
diseases that would affect area measurements differ- 
ently and the different levels of ventricular dysfunction 
that can be found within a given category of cardiac 
disease, development of narrower confidence limits to 
detect smaller changes in abnormal hearts could be a 
complex and extremely difficult task. Therefore, the 
limits developed in this study may be the most clinically 
practical for computer-analyzed images. 
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aid compliance. 


B Effective blood pressure control 
with or without a diuretic. 


i Steady-state blood levels — 
without the peaks and valleys of oral forms 


m No diuretic-like biochemical effects. 


m 24-hour blood pressure control 
1 days a week. 


Bi Central control of blood pressure. 


Most common side effects are dry mouth and drowsiness, which tend to 
diminish with time, and mild erythema and pruritus associated with 7-day 
skin occlusion. After a mean duration of treatment of 24 weeks, contact 
dermatitis was observed in 1676 of patients. This condition resolved upon 
discontinuation of therapy. 
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Patch-to-patch applications 


Steady-state blood levels — l : 
without the peaks and valleys of oral forms 


Mean (n = 5) clonidine 
plasma concentration 
(ng/ml)—3.5 cm? 
Catapres-TTS patch.’ 


ng/ml + S.E.M. 
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! Catapres-TTS applied 
4 Catapres-TTS removed 





"er eB 


(clonidine) / Tansdermal Therapeutic System 
Hypertension 3 


THREE DOSAGE STRENGTHS... 
Start with it in mild to moderate hypertension 


Actual size patches 


How to use CatapresT TS" 


Three Dosage Strengths for Individualized Therapy 
Titrate to proper dosage with CatapresoT TS^ alone 


. Start with #1. Replace with #2 and then #3 when necessary to 
achieve effective blood pressure control. 


. CatapresT TS" is usually unaffected by showering or other routine 
daily activities. For some patients, use of an overlay is occasionally 
required to maintain adequate skin adherence. 


. Most common side effects are dry mouth 
and drowsiness, which tend to diminish 
with time, and mild erythema and pruritus 
associated with 7-day skin occlusion. 
Contact dermatitis was observed in 1676 of 
patients (100 of 631) treated for a mean 
duration of 24 weeks. This condition re- 
solved upon discontinuation of therapy." 


* Please refer to Precautions in prescribing information if considering 
substitution of oral clonidine hydrochloride in patients who develop skin 
reactions during Catapres- TTS" therapy. 


Heferences: 

1.Weber MA et al. Transdermal administration of clonidine for treatment 
of high BP. Arch Intern Med 1984; 144: 1211-13. 

2. Data on file. 
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ief Summary of Prescribing Information 


traindications: Catapres-TTS* (clonidine) should not be used in patients with 
m hypersensitivity to clonidine or to any other component of the adhesive layer of the 


apeutic system 


cautions: General: In patients who have developed localized contact sensitization to 
apres-TTS* (clonidine), substitution of oral clonidine hydrochloride therapy may be 
pciated with development of a generalized skin rash 


atients who develop an allergic reaction to Catapres-TTS*® that extends beyond the loca 
h site (such as generalized skin rash, urticaria, or angioedema) oral clonidine hydro 
ride substitution may elicit a similar reactior 

ith all antihypertensive therapy, Catapres-TTS*® should be used with caution in patients 
severe coronary insufficiency, recent myocardial infarction. cerebrovascular disease, or 
nic renal failure 


drawal: Patients should be instructed not to discontinue therapy without consulting their 

sician. Sudden cessation of clonidine treatment has resulted in subjective symptoms 
1 as nervousness, headache and sweating, accompanied or followed by a rapid rise in 
d pressure and elevated catecholamine concentrations in the plasma, but such occur 
es have usually been associated with previous administration of nigh oral doses 
seeding 1.2 mg/day) and/or with continuation of concomitant beta-bloc ker therapy. Rare 
nces of hypertens ve encephalopathy and death nave been reported 


>xcessive rise in blood pressure following Catapres-TTS* discontinuance can be re 
ed by administration of oral clonidine or by intravenous phentolamine. If therapy is to be 
ontinued in patients receiving beta-blockers and clonidine concurrently, beta-blockers 
uid be discontinued several days before cessation of Catapres-TTS* administration 


operative Use: As with oral clonidine therapy. Cajapres-TTS* therapy should not be 
rupted during the surgical period. Blood pressure should be carefully monitored during 
jery and additional measures to contro! blood pressure should be available if required 
sicians considering starting Catapres-TTS* therapy during the perioperatrve period 
t be aware that therapeutic plasma clonidine levels are not achieved until 2 to 3 days 
rĘinitial application ot Catapres-TTS®* 
rmation for Patients: Patients who engage in potentially hazardous activities, such as 
rating machinery or driving, should be advised of a potential sedative effect of clonidine 
ants should be cautioned against interruption of Catapres-TTS* therapy without a 
sician's advice. Patients should be advised that if the system begins to loosen from the 
after application, the adhesive overlay should be applied directly over the system to 
ire good adhesion over its 7-day lifetime. Instructions for using the system are provided 
“nts who develop moderate or severe erythema and/or localized vesicle formation at the 
of application. or a generalized skin rash, should consult their physician promptly about 
possidie need to remove the patcn 
g interactions: |f a patient receiving clonidine is also taking tricyclic antidepressants 
affect of clonidine may be reduced, thus necessitating an increase in dosage. Clonidine 
enhance the CNS-depressive effects of alcohol, barbiturates or other sedatives 
riptyline in combination with clonidine enhances the manifestation of corneal lesions in 


inogenesis, Mutagenesis, Impairment of Fertility: |n a 132-week ora! carcinogenicity 
y in rats. clonidine hydrochloride produced no carcinogenic effects at doses up to 300 
s the maximum recommended human dose of Catapres-TTS* on a mg/kg weight basis 


ynancy: Teratogenic Effects Pregnancy Category C. Reproduction studies performed 
ADbits at doses up to 31 times the maximum recommended daily human dose of 
hpres-TTS* have revealed no evidence of impaired fertility or harm to the fetus due to 
idine hydrochloride. Studies in rats and mice revealed that doses of 500 mcg/kg/day 
higher are embryotoxic One rat study at doses of 15 mcg/kg/day (0.33 times the max: 
1 recommended daily human dose) exhibited embryotoxicity. There are no adequate 
well-controlled studies in pregnant women Although animal reproduction studies are 
Always predictive of human response. this drug should be used during pregnancy only if 
riy needed 

ping Mothers: As clonidine is excreted in human milk, caution should be exercised 
n Catapres-TTS* (clonidine) is administered to a nursing woman 


atric Use: Safety and effectiveness in children below the age of 12 have not been 
blished 


erse Reactions: Most systemic adverse effects during therapy with Catapres-TTS* 
nidine) have been mild and have tended to diminish with continued therapy. In a 3- 


month, multiclinic trial of Catapres-TTS* in 101 hypertensive patients. the r 

Systemic reactions were dry mouth (25 patients) and drowsiness (12 patients 

Transient localized skin reactions. primarily localized pruritus occurred in 51 patie 
Iwenty-six patients experienced localized erythema. This erythema and pruritus were mor 
common in patients utilizing an adhesive overlay for the entire 7-day treatment per 

Al ergic contact sensitization to Catapres-TTS* was observed in 5 patients 

in additional clinical experience. contact dermatitis was observed in 100 of 631 patient: 
(about 16 in 100) treated for a mean duration of 24 weeks 

The following less frequent adverse experiences were also reported in patients involved ir 
the multiclinic trial with Catapres-TTS* 


Gastrointestinal: Constipation (1 patient): nausea (1), and change in taste (1) 


Central Nervous System: Fatigue (6 patients). headache (5). lethargy (3). sedat 
insomnia (2); dizziness (2); and nervousness (1) 

Genitourinary: |mpotence/sexua! dysfunction (2 patients) 

Dermatological: Localized vesiculation (7 patients). hyperpigmentation (5); edemi 
excoriation (3); burning (3); papules (1). throbbing (1); blanching (1). and generali; 
macular fas h (1) 

In additional clinical experience involving 3539 patients, less common dermatologic rea 
tions have occurred, where a causal relationship to Catapres-TTS* was not establishec 
maculopapular skin rash (10 cases); urticaria (2 cases), angioedema involving the 
cases). one of which also involved the tongue 

Oro-otolaryngeal: Dry throat (2 patients) 

In long experience with oral clonidine hydrochloride, the most common adverse reactior 
have been dry mouth (about 40%). drowsiness (about 35%) and sedation (about 8%) Ir 
addition, the following adverse reactions have been reported less frequently 
Gastrointestinal: Nausea and vomiting, about 5 in 100 patients: anorexia and malaise. eact 
about 1 in 100: mild transient abnormalities in liver function tests. about 1 in 100: parotiti: 
rare y 

Metabolic: Weight gain, about 1 in 100 patients; gynecomastia, about 1 in 1000: transier 
elevation of blood glucose or serum creatine phosphokinase, rarely 

Central Nervous System: Nervousness and agitation, about 3 in 100 patients: menta 
depression, about 1 in 100 and insomnia, about § in 1000. Vivid dreams or nightmares, othe 
behavioral changes, restlessness, anxiety. visual and auditory hallucinations and delirium 
have been reported 

Cardiovascular: Orthostatic Symptoms, about 3 in 100 patients: palpitations and tact yCar 
dia, and bradycardia. each about 5 in 1000. Raynaud's phenomenon, congestive heart fa 
ure, and electrocardiographic abnormalities (1e. conduction disturbances and arrhythmia 
have been reported rarely 

Dermatological: Rash. about 1 in 100 patients; pruritus, about 7 in 1000; hives. angioneu 
rotic edema and urticaria, about 5 in 1000; alopecia, about 2 in 1000 

Genitourinary: Decreased sexual activity. impotence and loss of libido. about 3 in 10 
patients; nocturia. about 1 in 100; difficulty in micturition, about 2 in 1000. urinary retention 
about 1 in 1000 

Other: Weakness. about 10 in 100 patients; fatigue, about 4 in 100; headache. and discon 
tinuation syndrome, each about 1 in 100: muscle or joint pain, about 6 in 1000 and cramps c 
the lower limbs. about 3 in 1000. Dryness, burning of the eyes. dryness of the nasal mucosa 
pallor, weakly positive Coombs test, increased sensitivity to alcohol and fever have beer 
reported 

How Supplied: Catapres-TTS*-1 (clonidine), Catapres-TTS*-2 (clonidine) or Catapres 
TTS*®-3 (clonidine) is supplied as 4 pouched systems and 4 adhesive overlays per carton 
Catapres-TTS*-1 or Catapres-TTS*-2 is supplied in a shipper of 3 cartons 
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Nd-YAG Laser Fusion of Human Atheromatous 
Plaque-Arterial Wall Separations in Vitro 


JOHN F. HIEHLE, Jr., BS, DONNA B.C. BOURGELAIS, BS, STANLEY SHAPSHAY, MD, 
FREDERICK J. SCHOEN, MD, PhD, DUCKSOO KIM, MD, and RICHARD SPEARS, MD 





The hypothesis that thermal fusion of disrupted 
layers of atheromatous arterial wall can be achieved 
with a neodymium-yttrium aluminum garnet (Nd- 
YAG) laser was tested. Fresh postmortem human 
atheromatous plaque was separated from the 
underlying arterial wall to simulate a dissection in 
1-cm? arterial wall sections. With the plaque and 
underlying arterial wall subsequently compressed 
between glass slides, 17 W of continuous-wave 
Nd-YAG laser radiation were delivered through an 
optical fiber to the luminal surface of the plaque over 
a 4-mm? area. Fusion of the plaque to the underlying 
arterial wall invariably occurred when tissue com- 
pression was applied during lasing and a thin blood 
film was present between the tissues. The load 
supported by tissue welds depended on plaque 
thickness, plaque composition, and exposure du- 


Percutaneous transluminal coronary angioplasty 
(P'TCA) is an effective technique for the treatment of 
obstructive coronary atherosclerosis in many pa- 
tients.!-? However, widespread application of PTCA is 
limited by the occasional complication of abrupt rec- 
losure,* which necessitates operative standby during the 
procedure. Furthermore, the frequent occurrence of 
restenosis of the treated arterial segment? greatly limits 
the long-term clinical benefits to be expected from this 
procedure. 

An important mechanism underlying successful 
P'TCA dilatation of an atheromatous narrowing involves 
disruption of tissues within the arterial wall, including 
plaque fracture, and angiography immediately after 
P'TCA frequently reveals either a shaggy or hazy ap- 
pearance or evidence of dissection.? Although arterial 
wall disruption from PTCA is usually well tolerated 
acutely, it is likely that abrupt reclosure occasionally 


results from an adverse extension of this mechanism, 
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ration and was as great as 25 g. In postmortem, 
blood-filled, whole-artery segments, in which plaque 
had been completely separated from the media, this 
technique was applied intraluminally during angio- 
plasty with a prototype balloon catheter. Lateral 
dispersion of Nd-Y AG radiation from the termination 
of an optical fiber within the balloon allowed fusion 
of plaque to the underlying arterial wall during bal- 
loon inflation to 2 atm. Histologic examination of 
laser-treated tissues showed coagulation of tissues 
at the junction between the intimal plaque and 


media. It is concluded that thermal fusion of sepa- 


rated layers of atheromatous arterial wall can 
be achieved with Nd-YAG laser irradiation. This 
concept may be useful in the treatment of arterial 
dissections. 


(Am J Cardiol 1985;56:953-957) 


such as enlargement of a false channel and collapse of | 


plaque tissue into the lumen. Furthermore, restenosis 
may be accelerated by a disrupted luminal architecture, 
which may provide a thrombogenic surface and a nidus 
for new plaque growth. Therefore, techniques that re- 
duce disruption of the arterial wall and improve luminal 
geometry after P'TCA may improve the safety and ef- 
ficacy of the procedure. Recently, the use of laser irra- 
diation to effect tissue-to-tissue adhesion experimen- 
tally in vessel repair and anastomosis has had 
considerable success.!°-!! We therefore tested the hy- 
pothesis that neodymium-yttrium aluminum garnet 
(Nd-Y AG) laser irradiation could be used to produce 


adhesion between separated layers of human ather- | 


omatous plaque and underlying arterial wall. 


Methods 


Squares of arterial wall: An Nd-YAG laser (Advanced 
Biomedical Instruments), capable of 100 W of continuous- 
wave output at 1.06 u was used for all studies. To evaluate the 
capability of Nd-Y AG laser radiation to induce tissue to tissue 
adhesion, we exposed a series of separated layers of plaque and 
arterial wall to varying amounts of this radiation, and then 
quantitatively measured the strengths of the resultant 
adhesions. 

In initial studies, we identified 2 factors that greatly facil- 
itated laser fusion of tissue. One factor appeared to be appli- 
cation of firm pressure holding the layers of tissue in 
apposition during lasing. Sections of juxtaposed plaque and 
wall lased under no pressure exhibited no adhesion. The other 
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factor was the presence of a thin layer of blood between plaque 
and underlying arterial wall, which greatly improved the ad- 
hesion of these tissues. Therefore, all subsequent studies were 
performed with the application of pressure and with the 
presence of blood between the separated tissue layers. 

Fresh postmortem human atheromatous aortas and iliac 
arteries were opened with a longitudinal incision and plaque 
was stripped from the underlying arterial wall. Plaque types 
were judged to be either fibrofatty or calcific by gross feel and 
appearance. The separated layers of plaque and outer arterial 
wall were then cut into squares of approximately 1 cm? each. 
Plaque thickness was measured with a micrometer caliper. We 
paired pieces of plaque and outer wall, being careful to pre- 
serve their original anatomic orientation, placed a small drop 
of fresh heparinized dog blood between the layers, and sand- 
wiched the complex between 2 microscope slides held together 
with a spring clamp (Fig. 1). 

Nd:YAG laser radiation was then directed perpendicularly 
toward the luminal surface of the sandwiched tissues via a 
600-4 core optical fiber, the end of which was maintained at 
a fixed distance 1 cm from the surface of the glass slide during 
laser exposure. The He-Ne reference beam illuminated a spot 
size of approximately 2 mm in diameter, and the power output 
from the optical fiber was adjusted to 17 W. This peak power 
resulted in a nominal power density of about 500 to 600 
W/cm? without considering reflection of unknown magni- 
tude from the glass microscope slide and the luminal plaque 
surface. However, because of scattered radiation and ther- 
mal diffusion, the functional size of the tissue region heated 
by the laser radiation was considerably greater than the 
nominal 2-mm spot size of the reference beam. Indeed, the 
temperature of tissue at a distance of 2 mm from the edge of 
the reference spot plateaued at 58°C, as measured with a 
thermistor mounted on a 25-gauge needle (Yellow Springs 
Instrument Corp.) after 10 seconds of lasing. After irradia- 
tion, welded sets of tissue were stored in saline solution at 
4°C before strength testing or histologic evaluation. 


optical fiber 


Nd:YAG laser beam 


plaque 


spring clamp 


spring clamp 


glass microscope slides 


layer of blood 


outer arterial wall 


FIGURE 1. Experimental setup for laser fusion of sections of plaque 
and underlying arterial wall. 
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To quantitate the strength of the laser-induced welds, the 
tissues were subjected to gradually increasing loads until the 
welds separated. The loading was performed by cementing the 
adventitial surface of the artery to a stiff support with cy- 
anoacrylate adhesive (Crazy Glue™) and suspending weights 
from a 4-0 silk suture sewn through the flaps of plaque on ei- 
ther side of the weld. The maximal weight that could be sus- 
pended from the suture was used as a measure of the strength 
of the weld. 

Specimens for histologic evaluation were fixed in 10% for- 
malin, embedded in plastic, and sections were stained with 
hematoxylin-eosin. 

Segments of whole artery: The efficacy of applying in- 
traluminal Nd-YAG laser radiation from an inflated balloon 
to weld separated layers of plaque and underlying arterial wall 
was tested in fresh, whole, postmortem human atheromatous 
iliac arteries cut transversely into 2-cm-long segments. For 
each of the 6 segments studied, the inner layer of plaque was 
dissected completely from the outer layer of arterial wall 
without cutting through either the plaque or the outer wall 
before laser treatment (Fig. 2, a and b). 

A prototype balloon catheter was constructed from sili- 
cone-based materials that were relatively transparent to 
Nd-YAG laser radiation and that were unaffected by high 
temperatures (more than 100°C). The 600-4 core of the optical 





FIGURE 2. a, segment of artery in which a concentric plaque has been 
separated from the outer arterial wall. b, same segment as in a, with 
the plaque and outer arterial wall in apposition. c, after laser treatment 
and longitudinal incision. The arterial segment is held by a hemostat 
clamped to the outer arterial wall and the plaque is supported solely 
by a laser-induced tissue weld. 
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TABLE! Results of Attempts to Weld Squares of Arterial Wall (Including Only Those Plaques Lased with the 
Application of Both Pressure and Blood Between the Layers) K 


Plaque Exposure Maximal 5 
Thickness Plaque Duration Weld 
Specimen (mm) Calcification (sec) Load (g)* Vaporization 
1 0.5 0 5 ot 0 
2 0.5 0 10 19.1 0 
3t 0.5 0 10 2,3 0 
4 0.5 0 15 12.6 0 
5+ 0.5 0 15 11.1 0 
6 0.5 0 20 NM 0 
7* 0.5 0 20 15.1 + 
8 0.5 0 25 20.6 0 
9 0.5 0 25 2.3 + 
10 1.4 + 10 of T 
11 1.5 + 15 19.1 T 
12 2.1 T 20 (à 0 
13 2.3 T 25 25.6 0 
14 1.5 T 32 ot + 
15 2.3 + Multiple’ ot 0 
16 1.7 + Multiple’ ot + 


* [Maximal supported load + load at weld separation]/2. 

t Adhesion too weak to quantitate. 

t Extra layer of blood applied to the intimal surface. 
Used for histologic examination. 

T Multiple laser exposures applied. 

0 = absent; + = present. 


fiber used to transmit the 1.06-u radiation terminated within 
the balloon in a 5-mm-long diffusing tip that provided radially 
directed dispersion of the radiation around the circumference 
of the balloon. 

Before inserting the balloon catheter into an arterial seg- 
ment, fresh heparinized human blood was injected into the 
lumen and between the separated layers of plaque and arterial 
wall. The deflated balloon was then inserted into the lumen 
and fluid-inflated to approximately 2 atm of pressure. The 
diameter of the inflated balloon was 8 mm, slightly larger than 
the luminal diameter of the arterial segments. Laser exposure 
at 20 W was then performed for 18 to 40 seconds, beyond 
which duration the onset of tissue vaporization occurred. After 
laser exposure, the artery was permitted to cool for 5 to 10 
seconds before deflating the balloon and removing the bal- 
loon from the arterial segment. 

The segments were then sliced longitudinally and submit- 
ted to testing for weld strength in a manner identical to that 
described earlier. 


Results 


Squares of arterial wall: The strength of tissue 
welds for a given exposure duration depended, in part, 
on plaque thickness and composition (Table I). Thick, 
calcific plaques generally formed weaker adhesions than 
thin, fibrofatty plaques, but because most of the thick 
plaques were also calcific, we could not separate the 
importance of these 2 variables. Exposure duration was 
another important variable; weld strength was roughly 
proportional to lasing duration, with some welds sup- 
porting as much as 20 to 25 g (Fig. 3). Vaporization 
usually resulted from a lack of pressure on the tissue or 
from a long lasing duration, but also occurred when a 
plaque was hemorrhagic in appearance. The onset of 
vaporization was accompanied by a characteristic 
high-frequency sound. A thin layer of blood on the in- 
timal surface had little or no effect on weld strength. 

- Histologic examination of the vessel wall segments 
revealed multifocal zones of adherence within the media 


of the treated vessel (Fig. 4). There was a generalized 4 


mild tissue coagulation throughout the vessel wall, 


which was most prominent in the junctional zone. — 


Furthermore, there was prominent fat necrosis at the 
adventitial surface. 


Segments of whole artery: Of the 6 segments tested, — 
3 exhibited no adhesion, 1 slight adhesion (supporting _ 
8 g) and 2 excellent adhesion (supporting 70 g and 165 
g). Two of the 3 that exhibited no adhesion were lased 


for less than 20 seconds. During irradiation of a segment, 


the arterial wall appeared to shrink at the smaller ends 
of the balloon and mold itself to the shape of the bal- — 
loon. After exposure, the wall seemed stiff and inelastic, - 
having a rubbery consistency. The welds formed in these — 


whole artery segments were nonuniform about the cir- 


cumference of the artery, most likely as a result of - 
nonuniformity of radiation scatter within the prototype . 


MAXIMUM WELD LOAD (grams) 





y” 


10 20 
EXPOSURE DURATION (secs) 


FIGURE 3. Relation between the laser exposure duration and the total 
load supported by a weld. 
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FIGURE 4. Histologic section of welded iliac artery showing zone of 
adhesion. The entire cross section of the artery is shown; the luminal 
surface is indicated by the curved arrow and line of weld zone is indi- 
cated by straight arrows. The junctional zone is within the longitudinal 
medial smooth muscle layer. Hematoxylin-eosin stain; magnification 
X80, reduced 66%. 
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FIGURE 5. A to C, conventional balloon angioplasty in which a guidewire 
(4) is inserted into the arterial lumen (5). The balloon is threaded over 
the guidewire to the obstructing piaque (1) and inflated, sometimes 
causing dissection of the arterial wall to the media (3) or occasionally 
even the adventitia (2). Extensive dissection may cause abrupt reclosure 
(D). In this instance, laser balloon angioplasty (E) may be useful in fusing 
dissected layers of arterial wall, resulting in a smooth, dilated lumen 
(F). Lasing complications may be avoided by using an acoustic sensor 
(6) to detect the onset of tissue vaporization. 
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balloon. The balloon itself was unaffected by the laser 
radiation and there was neither adhesion between the 
balloon and the intimal surface nor thrombus formation 
at either end of the balloon. 


Discussion 


Although the mechanism of laser-induced tissue fu- 
sion is not clearly understood, investigators have pos- 
tulated that a heat-induced shrinkage and cross-linking 
of tissue proteins may partially explain the phenome- 
non.!! Others have shown that the arterial wall would 
shrink when heated, and that, in fact, the elastic resis- 
tance of the tissue actually increases with tempera- 
ture.1?:13 Unrestrained, this shrinkage would lead to a 
reduction in the size of the luminal cross-sectional area. 
However, with an inflated balloon maintaining luminal 
size in the present study, the shrinkage had the effect 
of compressing the inner wall and improving adhesion 
of disrupted elements. By maintaining balloon inflation 
for 5 to 10 seconds after cessation of laser irradiation, 
no further tissue shrinkage occurred on balloon defla- 
tion. Furthermore, the artery showed no recoil on bal- 
loon deflation, and the luminal diameter equal to that 
during maximal balloon inflation was maintained. 

Despite the coagulative properties of Nd-Y AG laser 
radiation, thrombus formation within the lumen of the 
whole arteries was not a problem because the inflated 
balloon displaced blood from the luminal surface. The 
proximal and distal ends of the balloon, which were in 
direct contact with blood, were not exposed to the 
laser radiation, so that coagulation of blood at these 
locations could be avoided. 

Fusion of thick, calcified plaque to the underlying 
wall may require a laser exposure duration that may not 
be markedly shorter at the power densities used herein 
than the exposure duration resulting in the onset of 
tissue vaporization. The latter, if continued, could cause 
vessel perforation or result in aneurysm formation.!4!* 
Significant vaporization might be avoidable by termi- 
nating lasing on detection of the high frequency sound 
generated at the onset of vaporization (Fig. 5). 

Refinements in balloon catheter and optical fiber 
materials and designs is needed to construct an optimal 
laser delivery system during balloon angioplasty. In 
addition, although tissue healing after laser-induced 
vascular anastomosis!? and intraluminal laser-induced 
injury to the arterial wall!6 is excellent in experimental 
studies, the acute and chronic in vivo effects of Nd-YAG 
irradiation on the normal and atherosclerotic wall as 
performed in the present study must be characterized. 
However, these preliminary results suggest that the 
proposed catheterization technique is effective and 
implementable. If in vivo studies are similarly encour- 
aging, laser balloon angioplasty may be useful for 
treating both spontaneously occurring and PTCA- 
induced arterial dissections. This application, coupled 
with the potential for an improved vessel dilatation, 
should result in an improved luminal geometry and may 
reduce the incidence of both abrupt reclosure and re- 
stenosis associated with P'TCA. 


Acknowledgment: We express our appreciation for the 
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Circulatory Effects of Coffee in Relation 
to the Pharmacokinetics of Caffeine 


PAUL SMITS, MD, THEO THIEN, MD, and ALBERT van’t LAAR, MD 





Drinking coffee results in an increase in blood 
pressure (BP) after an interval of caffeine absti- 
nence. During chronic caffeine intake this pressor 
response disappears and adaptation to the circu- 
latory effects of caffeine develops. This study was 
designed to determine whether a pressor response 
to coffee occurs during chronic caffeine intake if low 
basal plasma caffeine levels are achieved by a 
period of caffeine abstinence, defined by individual 
plasma caffeine half-life. In 8 normotensive subjects, 
circulatory measurements were studied after in- 
gestion of coffee in 2 strengths, decaffeinated cof- 
fee and hot water after a caffeine abstinence of 4.5 
times individual caffeine half-life. These measure- 
ments were compared to the same protocol without 


Because caffeine and coffee are widely consumed 
throughout the world, a relation between coffee and 
blood pressure (BP) would be of clinical interest.'? 
Recent studies have reported a positive association 
between BP and coffee consumption.** There is also 
pharmacologic evidence for a BP-increasing effect of 
caffeine and coffee.>’ The relevance of these observa- 
tions to the effect of daily coffee use on BP was ques- 
tioned by some investigators.5? According to these 
studies complete adaptation or tolerance to the circu- 
latory effects of caffeine develops during chronic caf- 
feine use. However, in 1 study there was evidence that 
cardiovascular reactivity to caffeine was greater in 
subjects with initial caffeine levels of less than 1 mg/liter 
than for those with basal plasma caffeine levels of more 
than 1 mg/liter.? This means that the development of 
tolerance to the effects of coffee depends on prior caf- 
feine use and on the individual pharmacokinetics of 
caffeine. In healthy subjects, elimination half-life (T4) 
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intervention. Coffee of both strengths resulted in a 
similar increase in BP (diastolic BP + 15%). The 
coffee-induced increase in forearm blood flow and 
plasma epinephrine levels were less pronounced. 
Decaffeinated coffee induced a smaller increase of 
diastolic BP, and after water, no changes were 
observed. Additionally, a negative correlation was 
found between the coffee-induced BP increase and 
basal plasma caffeine level in a group of 30 nor- 
motensive subjects (r = —0.71, p <0.001). During 
chronic caffeine intake, subjects with short plasma 
caffeine half-life are exposed to a pressor response 
after drinking coffee, despite the phenomenon of 
adaptation. 

(Am J Cardiol 1985;56:958-963) 


of plasma caffeine varies between 1.5 and 9.5 hours.!? 
To determine whether coffee increases BP during 
chronic caffeine ingestion, the time of caffeine absti- 
nence before the test must be related to individual 
pharmacokinetics of caffeine. We studied the circula- 
tory effects of drinking coffee after a period of caffeine 
abstinence related to individual plasma caffeine T! in 
8 normotensive subjects. Hemodynamic and humoral 
effects of 2 strengths of coffee, and of equal amounts of 
decaffeinated coffee and water of the same temperature 
were compared to a similar protocol without interven- 
tion. In 30 other normotensive subjects, we analyzed 
the relation between basal plasma caffeine level and the 
coffee-induced increase in BP. 


Methods 


Eight normotensive, healthy subjects (5 men, 3 women) 
gave informed consent for this study, which was approved by 
the hospital ethical committee. The mean age was 23.4 years 
(range 21 to 25), height 180.4 cm (range 169 to 201) and 
Quetelet index 21.5 kg/m? (range 17.9 to 24). All subjects were 
accustomed to daily coffee ingestion, and mean estimated 
coffee use ranged from 4 to 9 cups/day. Three men were 
habitual smokers and all women used oral contraceptive 
drugs. 

The first part of the study was a pharmacokinetic analysis 
of all subjects. Before and after drinking 2 cups of coffee, blood 








samples were drawn for determination of plasma caffeine 
concentration. After coffee ingestion, blood was sampled every 
20 minutes for 2 hours, and afterward another 3 times dis- 
tributed over about 20 hours. From these data, time of plasma 
peak level (Tm) was registered and the elimination caffeine 
T was calculated. As T!/ and Tm do not differ within an 
individual after different doses of oral caffeine, a single 
measurement of these values was sufficient.!? 

After this pilot study every subject took part in 5 tests, 
which were ordered at random and separated from each other 
by at least 1 week. All tests had the same protocol, different 
only in the kind of intervention: similar amounts of regular 
coffee, stronger coffee, decaffeinated coffee, hot water and “no 
intervention.” For the tests with regular, strong and decaf- 
feinated coffee the protocol was single-blind, but as a matter 
of course this could not be realized for the tests with hot water 
and no intervention. Before all tests were performed, the 
subjects had to abstain from all caffeine-containing products 
for a period of 4.5 half-lives. At the beginning of this period 
200 mg of caffeine were ingested (as tablets) to be sure that 
abstinence was not longer than 4.5 half-lives. The subjects 
were not allowed to smoke for 8 hours before the tests and 
a light caffeine-free breakfast was allowed between 7:30 and 
8:00 AM. 

All tests were performed from 8:15 to 11:15 AM with the 
subject in the supine position. The first 30 minutes served as 
an equilibration period to reach basal hemodynamic and hu- 
moral values. In this period an Arteriosonde 1225 (semiau- 
tomatic BP monitor) and a mercury strain-gauge venous oc- 
clusion plethysmograph (forearm blood flow registration) were 
connected to the subject's left arm. Because we only wanted 
to measure muscle flow, a wrist cuff was inflated during the 
measurements to block the skin flow of the hand. Heart rate 
was measured by electrocardiogram. An antecubital vein of 
the right arm was cannulated and blood samples were taken 
for determination of plasma caffeine, renin and norepineph- 
rine concentrations just before intervention, at the individ- 
ual Tm and 120 minutes after intervention. After the first 30 
minutes of equilibration, systolic and diastolic BP and heart 
rate were measured every 5 minutes for 30 minutes. In be- 
tween these measurements, 4 series of 3 forearm blood flow 
recordings were made and blood was sampled. Subsequently 
the subjects had to drink 300 ml of a beverage within 10 
minutes in the supine position with the aid of a straw (except 
in the no-intervention test). All beverages were prepared using 
a coffee machine with 300 ml of water and, depending on the 
test, 25 g of coffee (strong coffee), 17.5 g of coffee (regular 
coffee), 17.5 g of decaffeinated coffee and no coffee (hot water 
test). Then, systolic and diastolic BPs and heart rate were 
recorded every 5 minutes for 2 hours, and again a series of 3 
forearm blood flow registrations were made in between.The 
protocol of the tests is illustrated in Figure 1. 

In 30 other normotensive and healthy subjects we also 
studied the hemodynamic effects of coffee. The same protocol 
as in the regular coffee test was used. For these subjects, 
however, the time of caffeine abstinence was arbitrary and not 
related to plasma caffeine T!/5. We used this group to study 
the relation between basal plasma caffeine levels and pressor 
responses to coffee. In these subjects we did not sample blood 
for determination of plasma catecholamines or plasma renin 
activity. 

Plasma concentrations of caffeine were analyzed with a 
reversed-phase high-performance liquid chromatography 
method.9 Plasma catecholamine levels were measured by a 
radioenzymatic assay,!! and plasma renin activity by radio- 
immunoassay.!? 

Statistical analysis: Hemodynamic variables before in- 
tervention were averaged for each subject to 1 basic value, and 


after intervention to 1 value for every period of 20 minutes. 
Differences between the 20-minute-period values and the 
basic value were averaged for each subject, resulting in 1 mean 
change over the 2-hour period. In the statistical analysis these 
mean changes induced by strong, regular or decaffeinated 
coffee or hot water were compared with the results of the no- 
intervention test by Student t test for paired observations 


(2-sided). Humoral variables were analyzed by comparing _ 


values after intervention with basal values by the paired 


Wilcoxon test (2-sided). The fractional changes in the 5 tests 
also were compared with each other. Correlation coefficients _ 


were calculated according to Pearson. Mean arterial pressure 
was calculated as the sum of diastolic BP and one-third of 
pulse pressure, and forearm vascular resistance was calculated 
by dividing mean arterial pressure through forearm blood 
flow. Forearm vascular resistance is expressed in arbitrary 
units. All results are presented as mean + standard error of 
the mean. 


Results 


The results of the preliminary pharmacokinetic 
measurements are shown in Figure 2. Peak plasma 
caffeine concentrations were reached in 4 subjects in the 
first, in 1 in the third, in 2 in the fourth and in 1 in the 
fifth 20-minute period after coffee. The mean Tm was 
50 + 12 minutes. Calculated T! ranged from 2 to 8.5 
hours (mean 4.2 + 0.8). The caffeine abstinence period 
for the 5 tests ranged from 9 to 38!/, hours. In the pilot 
study the mean peak plasma caffeine level was 4.3 + 0.6 
mg/liter. Figure 2 shows that plasma caffeine levels are 
almost in a steady state during the tests. 


BP(mmHg) 120 






LL 




















GY 













ha 


NN 







ffà 


S 


HR (bpm) I 


\ 


60 


FBF 3.2 
(ml/100ml-min) 
2.8 
2L 


EI. EIL c 


2.0 
E / NE (n mol/l) 0.08/1.07 015/119 017/121 
PRA (ng/ml-hr^!) 1. 145 1.8 
Cf (mg/l) 0.4 66 61 
To m Ti20 





9.00 1000 


1100 
Time 


FIGURE 1. Schedule of measurements in 8 subjects after drinking 
strong coffee. Mean values (+ standard error of the mean) of blood  - 
pressure (BP), heart rate (HR) and forearm blood flow (FBF) before and 
for 6 periods of 20 minutes after coffee ingestion are given. Plasma : 

concentrations of norepinephrine, epinephrine (NE, E), renin (PRA) — 
and caffeine (cf) were measured 3 times. Tm = time of plasma peak 
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TABLE! Basal Values of all Hemodynamic Parameters in the Five Tests 
NI Ww DC RC SC 

Systolic blood pressure 110 2 M112 113 + 2 110 + 2 108 + 1 
(mm Hg) 

Diastolic blood pressure 7232 68 43 67 t2 66 +3 66+ 2 
(mm Hg) 

Mean arterial pressure 85 +2 83 + 2 82+ 2 81+2 Si +2 
(mm Hg) 

Heart rate (beats/min) 7243 73 43 72 43 73 4 3 68 + 2 

Forearm blood flow 2.5 + 0.2 2.7 X 0.3 2.7 X 0.3 26203 29403 
(ml/ 100 ml-min) 

Forearm vascular 37 t4 34d 5 34 t 4 36 + 6 40+6 
resistance (U) 





All values are mean + standard error of the mean. 
DC = decaffeinated coffee; NI = no intervention; RC = regular coffee; SC = strong coffee; W = 


water. 


In Table I all basal hemodynamic data of the 5 tests 
are listed, and these values revealed no statistically 
significant differences. Mean changes over the 2-hour 
period of systolic and diastolic BPs, heart rate and 
forearm blood flow in the 5 experimental situations are 
shown in Figure 3. In the regular and strong coffee tests, 
the systolic BP increase measured 4 + 1 and 5 + 2 mm 
Hg, respectively; these increases were significantly 
higher than those in the other tests. The same applied 
to the increases in diastolic BP of 8+ 1 and 9 + 1 mm 
Hg, respectively, and in mean arterial pressure of 7 + 1 
mm Hg in both tests. Figure 4 shows that the increase 
in BP was maximal in the last hour. In the regular and 
strong coffee tests, the percent increase in diastolic BP 
in the last 20-minute period was 16 + 3% and 15 + 4%, 
respectively. After ingestion of regular coffee, the indi- 
vidual maximal increase in mean arterial pressure 
ranged from 8 to 19% and after strong coffee from 8 to 
15%. There was no relation between the individual 
increase in mean arterial pressure and the correspond- 
ing time of caffeine abstinence. After ingestion of de- 
caffeinated coffee, a smaller increase in diastolic BP 
was observed, whereas drinking water did not induce 
any changes. In all tests a decrease in heart rate was 
observed, and after water, regular coffee and strong 





caffeine ( mg/l) 
10 





coffee, these decreases were greater than those after 
the no-intervention test (p <0.10); they were5+1,7+ 
2 and 5 + 1 beats/min, respectively. Without interven- 
tion, mean heart rate decreased by 2 + 1 beats/min 
(Fig. 3). There was a significant difference between the 
increase in forearm blood flow of 0.3 + 0.2 ml/100 
ml-min after strong coffee intake and the decrease of 
0.2 + 0.2 m1/100 ml-min during the water and decaf- 
feinated coffee test. As a consequence mean forearm 
vascular resistance decreased 2.1 + 2.8 U during the 
strong coffee test, which was different from the in- 
crease in forearm vascular resistance of 3.6 + 2.1 and 
3.5 + 2.1 U after hot water and decaffeinated coffee 
(p = 0.08, p = 0.07). 

Figure 5 shows all humoral measurements of the 5 
tests. Individual basal plasma caffeine levels of these 
tests were all within the range of less than 0.1 to 2.0 
mg/liter, independent of the time of caffeine abstinence 
(n = 40, r = —0.25, p 70.1). After ingestion of strong and 
regular coffee, a significant increase in plasma caffeine 
levels to 6.6 + 0.4 and 5.2 + 0.9 mg/liter was observed, 
the former being significantly greater than the latter (p 
<0.005). In the hot-water and no-intervention tests, 
plasma caffeine concentration showed a small but sig- 
nificant decrease of 0.2 mg/liter at the end of the tests; 
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FIGURE 2. Course of plasma caffeine levels in subjects after 
104i drinking coffee. Mean results (+ standard error of the mean) 
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06 longest elimination half-life (t'/2) of caffeine are given. 
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after decaffeinated coffee was ingested, no significant 
change was observed. Table II lists the mean fractional 
changes of plasma catecholamine levels. Changes in 
plasma norepinephrine levels were about the same 
among the 5 tests. Plasma epinephrine levels, however, 
increased more significantly after consumption of reg- 
ular and strong coffee than after decaffeinated coffee. 
Plasma epinephrine levels and plasma renin activity 
were significantly different during all tests compared 
with basal values. The percent reduction of plas- 
ma renin activity after drinking decaffeinated coffee 
(—17 + 7%), regular coffee (—19 + 7%) and strong cof- 
fee (—18 + 5%) was smaller than after drinking hot 
water (—33 + 5%, p < 0.10). In the 4 tests in which a 
beverage was ingested, there was a significant correla- 
tion between the increase in plasma caffeine and the 
fractional increase in mean arterial pressure (n = 32, r 
= 0.70, p <0.001). The fractional increase in plasma 
epinephrine weakly correlated with changes of plasma 
caffeine (n = 32, r = 0.36, p <0.05). 

Figure 6 shows the most relevant results of the second 
part of the study. In the 30 subjects, a strong correlation 
was observed between basal caffeine level and the in- 
crease in mean arterial pressure in the second hour after 
drinking coffee (!?log (caffeine) vs mean arterial pres- 
sure: n = 30, r = —0.71, p <0.001). Mean increase in 
mean arterial pressure measured 7 + 1% (range —1 to 
24%). Because of the arbitrary time of caffeine ab- 
stinence, there was also a large range of basal plasma 
caffeine levels (less than 0.1 to 6.3 mg/liter, mean 
1.0 + 0.3). 


Discussion 


Under experimental conditions there is clear evidence 
for a BP-increasing effect of caffeine,?^1?.14 but dur- 
ing chronic ingestion of caffeine no cardiovascular re- 
sponse to caffeine or coffee occurred.?? In 1968, Colton 
et al^ suggested that this tolerance could partly ex- 
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FIGURE 4. Fractional changes of mean arterial pressure 
for every 20-minute period after no intervention and after 6 
consumption of regular and strong coffee (mean + stan- 
dard error of the mean). L 
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FIGURE 3. Mean changes over the 2-hour period of systolic and diastolic — 
blood pressure (SBP, DBP), heart rate (HR) and forearm blood flow (FBF) — 
after no intervention (NI), consumption of water (W), decaffeinated 
coffee (DC), regular coffee (RC) and strong coffee (SC) (mean + 
standard error of the mean). Asterisks represent significances with 
respect to no intervention, unless signed otherwise. bpm = beats/  . 
min; NS = not significant; ° p «0.10; * p «0.05; ** p «001;***p -— 
«0.001. Y 
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TABLE Il 

NI W 
Epinephrine (%) 75 + 33 61+ 41 
Norepinephrine (% ) —2 25 6+ 11 


* p <0.05 vs decaffeinated coffee test. 
All values are mean + standard error of the mean. 
Abbreviations as in Table |. 
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FIGURE 5. Mean (+ standard error of the mean) values (n = 8) of 
plasma concentrations of norepinephrine (NE, E), renin (PRA) and 
caffeine (cf) before, at plasma peak level (Tm) and 120 minutes after 
no intervention (NI), consumption of water (W), decaffeinated coffee 
(DC), regular coffee (RC) and strong coffee (SC). Asterisks represent 
significances with respect to basal values. NS — not significant; * p 
«0.05; 2118 3€0.01; *** p «0.001. 
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plain contradictory observations reported with re- 
spect to the circulatory effects of caffeine. The evi- 
dent disparity between the acute effects of caffeine 
and the results of epidemiologic studies, which show 
no association between coffee and coronary heart 
disease,!6-15 also has been explained by the phenome- 
non of tolerance.? 

In this study we could affirm the presumption that 
BP increase after consumption of coffee depends on 
basal plasma caffeine concentration (Fig. 6). Further, 
the problem has been evaluated from another point of 
view by testing the hypothesis, that a significant BP 
increase will occur when abstinence of caffeine is long 
enough to reach low basal plasma caffeine levels. In this 
study we used a caffeine abstinence of 4.5 half-lives, and 
such periods of abstinence are likely to occur in daily 
life. The range of half-lives from 2 to 8.5 hours in our 
subjects is in close agreement with other observations, !? 
and this wide range is brought about by several exogenic 
influences,!?.20-2? as well as by genetically determined 
interindividual differences.?? Despite a significant 
difference between the increase in plasma caffeine levels 
after ingestion of regular and strong coffee, the re- 
sponses of BP were similar (Fig. 4). These results agree 
with the observation of a flat dose-response curve with 
respect to the BP-increasing effect of drinking 2 to 8 
cups of coffee.24 The observed BP increase after coffee 
ingestion did not show any correlation with the duration 
of caffeine abstinence. Consequently, we conclude that 
drinking coffee leads to an increase in BP after caffeine 
abstinence for 4.5 half-lives. In a previous study, plasma 
caffeine levels were measured in 600 consecutive pa- 
tients; in about 50% of this group, plasma caffeine 












FIGURE 6. The relation between basal plasma caffeine 
concentration and the fractional increase in mean arterial 
pressure in the second hour after consumption of coffee in 
30 normotensive subjects. (A mean arterial pressure vs 
‘log [caffeine]). 
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concentration was less than 2.0 mg/liter.?? This indi- 
cates that drinking coffee may induce an increase in BP 
in daily life in a considerable proportion of the popu- 
lation. Drinking decaffeinated coffee induced only a 
small increase in diastolic BP, an observation that 
agrees with reported data.”° 

In another study, stronger BP increases are reported 
after a comparable load of coffee drinking. However, 
in that study caffeine abstinence was longer, also re- 
flected by a lower mean basal plasma caffeine of 0.3 
mg/liter. Probably, the lower BP response to coffee in 
this study can be traced to partial tolerance, which 
would disappear after longer caffeine abstinence. The 
complete tolerance in Robertson’s study,® even after 15 
hours of caffeine abstinence, can be explained by the 
extremely long mean T!/, (10 hours) of his subjects, re- 
sulting in a mean basal plasma caffeine of 2.3 mg/liter. 
Ammon et al? also observed complete tolerance to cof- 
fee, but no plasma caffeine data were available. 

Epidemiologic studies have related mean coffee 
consumption to BP. Because of the results of this study, 
we believe a more valid conclusion could be drawn if the 
pharmacokinetics of caffeine were taken into consid- 
eration. Additionally, epidemiologists always correct 
for cigarette smoking because smoking is an indepen- 
dent risk factor in coronary heart disease and because 
coffee consumption and cigarette smoking are strongly 
related habits.!6 Because mean T! of caffeine is shorter 
in people who smoke;,!? our results indicate that such a 
correction could lead to underestimation of the rela- 
tion between BP or coronary heart disease and coffee. 

Decreases in heart rate did not reveal clear significant 
differences between the 5 tests and, therefore, an ad- 
ditional effect of caffeine on the decrease in heart rate 
could not be proved with these observations, in contrast 
to other reports.??6 The changes in forearm blood flow 
and forearm vascular resistance illustrate that drinking 
strong coffee induces a slight vasodilation in the forearm 
muscle when compared with beverages containing no 
or a very small amount of caffeine. These data are not 
conclusive with respect to the effect of coffee on to- 
tal peripheral resistance, because caffeine could in- 
duce opposite effects in blood vessels of other organ 
systems. 

Changes of plasma epinephrine after consumption 
of coffee were less striking than in former reports.®6 
This also may be explained by partial tolerance to the 
effects of coffee. The decrease in plasma renin activity 
in all tests, including the no-intervention test, suggests 
that this could be the result of the circadian rhythm of 
plasma renin activity, because all tests were performed 
in the morning.? 

From this study we conclude that drinking coffee 
results in an increase in BP and a possible vasodilation 
in forearm muscle. Plasma epinephrine levels tend to 
increase after coffee, whereas plasma norepinephrine 
and renin activity do not change. There are no differ- 
ences when drinking regular or stronger coffee. Drinking 
water does not result in circulatory changes, whereas 
drinking decaffeinated coffee induces a small increase 
in diastolic BP when compared with no intervention. 
Relevant hemodynamic changes with coffee already 
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occur after caffeine abstinence of 4.5 half-lives. In nor- 


motensive subjects there is a strong negative correlation — 


between the coffee-induced BP increase and basal 
plasma caffeine concentration. The T% of caffeine 
shows a large variation, and subjects with short T% are 
definitely exposed to pressor responses to coffee, de- 
pending on their daily intake. 
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Beta-Adrenergic Stimulation Reverses Postischemic 
Myocardial Dysfunction Without Producing 
Subsequent Functional Deterioration 


ROBERTO BOLLI, MD, WEI-XI ZHU, MD, MARY LEE MYERS, MD, 
CRAIG J. HARTLEY, PhD, and ROBERT ROBERTS, MD 





The prolonged myocardial dysfunction observed 
after reversible ischemia (stunned myocardium) has 
been postulated to result from an inability of the 
myocytes to replenish ATP stores. Accordingly, one 
would expect inotropic stimulation to result in min- 
imal increase in contractile function, or possibly 
even further deterioration. To test this hypothesis, 
studies were performed in open-chest dogs under- 
going a 15-minute occlusion of the left anterior de- 
scending coronary artery (LAD) followed by 4 hours 
of reperfusion. Systolic wall thickening, an index of 
regional myocardial function, was measured in the 
LAD-dependent territory with ultrasonic crystals. 
Thickening fraction was 20.8 + 3.0% (mean + 
standard error of the mean) under baseline condi- 
tions, decreased to — 18.6 + 1.6% during LAD oc- 
clusion, and was still severely depressed after 3 
hours of reperfusion (2.6 + 3.4%). Thickening 
fraction remained stable between 3 and 4 hours of 


reperfusion in 5 untreated control dogs. In 9 treated 
dogs, isoproterenol (0.1 ug/kg/min intravenously for 
30 minutes starting 3 hours after reperfusion) in- 
creased thickening fraction to values (24.8 + 4.5%) 
that were similar to those at baseline. Thirty minutes 
after discontinuation of isoproterenol administration, 
thickening fraction had returned to pre-isoproterenol 
levels. Thus, reperfused, severely depressed myocar- 
dium responds dramatically to 6-adrenergic stimula- 
tion without subsequent adverse effects on function 
in the short-term. These findings imply that the 
stunned myocardium can generate ATP, and therefore 
do not support the view that an inability to replenish 
ATP stores is the cause of postischemic dysfunction. 
More important, this study suggests that postischemic 
dysfunction in humans may be effectively reversed 
with inotropic therapy without short-term deleterious 
sequelae. 

(Am J Cardiol 1985;56:964-968) 
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Myocardial reperfusion after a reversible ischemic insult 
is associated with prolonged contractile dysfunction 
(stunned myocardium).!-? Despite considerable in- 
vestigative efforts, the mechanism for this phenomenon 
is unknown. Recent studies show that myocardial ATP 
levels are depressed after reperfusion and recover in 
parallel with contractile function.24-9 Thus, the hy- 





From the Section of Cardiology, Department of Medicine, Baylor College 
of Medicine, Houston, Texas 77030. This study was supported in 
part by Grant 85G-225 from the American Heart Association, Texas 
Affiliate, Austin, Texas, and by Grant HL-22512 from the National 
Heart, Lung, and Blood Institute, Bethesda, Maryland. This paper was 
presented in part at the National Meeting of the AAP/ASCI/AFCR in 
Washington, D.C., May, 1985. Manuscript received March 25, 1985; 
revised manuscript received May 15, 1985, accepted May 17, 1985. 

Address for reprints: Roberto Bolli, MD, Director, Experimental An- 
imal Laboratory, Baylor College of Medicine, 6535 Fannin/MS F-905, 
Houston, Texas 77030. 


964 


pothesis has been advanced??5 that postischemic dys- 
function may be the result of an inability of the myo- 
cardium to generate enough high-energy phosphates to 
sustain contractile function, possibly because of loss of 
adenine nucleotide precursors." 

Insights into this problem may be gained by assessing 
the effect of inotropic stimulation on reperfused, de- 
pressed myocardium. If, in fact, ATP stores in stunned 
myocardium cannot be repleted, inotropic stimuli would 
be expected to produce little or no increase in contrac- 
tility or even further deterioration. A marked im- 
provement in mechanical function, in contrast, would 
imply preserved ability to generate ATP. These results 
would have clinical implications, because it is unclear 
whether inotropic therapy can precipitate deleterious 
effects in patients with postischemic dysfunction. 
Accordingly, in the present study we evaluated the 
response of reperfused, depressed myocardium to 
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inotropic stimulation by the 6-adrenergic agonist iso- 
proterenol. We used a well characterized? open- 
chest canine model in which severe myocardial dys- 
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function was induced by 15 minutes of coronary artery - 5 9 o eo 
occlusion followed by reperfusion. eos mB Paha | 
$. |- 552 HHHH| | HHHH 
Methods < 25> oS93| |9993 
Experimental preparation: Mongrel dogs of either sex S |8 3 d d | 
that weighed 15 to 30 kg were anesthetized with sodium S : j 
pentobarbital (30 mg/kg intravenously [i.v.]), intubated and à € . ge 1 
ventilated with room air. The chest was opened through the Oo = E D x M ^ : 
left fifth intercostal space and the heart was suspended in a $5 Sie ha HE cok Hd 
pericardial cradle. The left anterior descending coronary ar- E JRI- IE 998: 3 
tery (LAD) was isolated from the surrounding tissue and en- S Jaw. c x 
circled by a snare just distal to the first major diagonal à |e : 
branch.? A Doppler ultrasonic flow probe was placed around 5 e |e j © ai 3 
the artery distal to the site of occlusion. A polyethylene 5 2|c|Ẹ © «5o 
catheter was inserted through the left carotid artery into the = = 2 Si “A : m" » 
aorta and was connected to a Statham P23Db pressure < Tel 9 O 10 og 
transducer. A high-fidelity micromanometer (Konigsberg P-7) = 2 " | 
was inserted into the left ventricular (LV) cavity through a -: 4 
stab incision in the apex. The first derivative of LV pressure £ Do o $0 
(dP/dt) was obtained by electronic differentiation. To mea- & o verno TONO 
sure regional LV wall thickening in treated dogs, a pair of 5 8 Liao n E 1 
miniature (2 mm in diameter) ultrasonic crystals was posi- S e STE NOS | 
tioned in the anterior LV wall in the region to be rendered o ad d 
ischemic. One crystal was inserted at an angle of 45? through 2 | 
the wall into the subendocardium and the other crystal was à Do - 9e 
sutured to the epicardial surface at a site where the ultrasonic Y AER 3] a p M à bi a 
transit time was shortest.’ Wall thickening in control dogs was e 2|9 |Gnuoc-|6|modo 
measured with a 10-MHz pulsed Doppler ultrasonic crystal x N i =H Qa] I| 22$ 
sutured to the epicardial surface. Theoretical and experi- = 9 os = N 
mental validation of this probe has been reported.!?:!! Aortic = o E 
pressure, LV pressure, LV dP/dt, LAD blood flow velocity, = ð eB 9 2| 6 Go © 
LV wall thickness and lead II of the electrocardiogram were te 5| 8| HHHH 2 cere 
recorded continuously throughout the study on an 8-channel, 3 PS! r5-i5iopow- 
direct-writing oscillograph (Gould Brush, system 200). g -T|Ee|[79$9|o6| FEAS 
Experimental protocol: The LAD was occluded with a t i s3 
hydraulic balloon occluder for 15 minutes and then reperfused $25 i 
for 4 hours. Beginning 3 hours after reperfusion, 9 dogs re- eg c guo Xo 
ceived a continuous infusion of isoproterenol (0.1 ug/kg/min E - 2 r S 4 a ers 
i.v.) for 30 minutes, whereas 5 control dogs did not receive any 2 à. $ ONO- a a a = 
e s : o o CO C» r7 CN o 
treatment. Hemodynamic variables and LV wall thickness $c Ó = SBM T"-o"| £ 
were measured before and during LAD occlusion, 1, 2 and 3 S9 SN $ 
hours after reperfusion, at 10 and 30 minutes of isoproterenol 2 = is = 
infusion, and 30 minutes after cessation of infusion (i.e., 4 52 » mE i = sss Bt 
hours after reperfusion). Dogs were then killed with KCl (10 se £ HHHH HHHH) È E $ 
mEq i.v.). The heart was excised and sectioned from apex to st 2 "NO 599w| Os : 
base into 5 to 6 slices, which were incubated for 20 minutes in o 3 da vt ar =r?! sg es 
1% triphenyl tetrazolium chloride (TTC) solution at 37°C!2 E 9 = s 2970 
to verify the absence of infarction. ST .|528 
Measurement of wall thickening: In treated dogs, which g e CE els = o 
were instrumented with 2 transit-time crystals, end-diastol- 2 pos PPE PIE S i. P 
ic and end-systolic wall thicknesses were measured at the otc EER EES + ae 
rapid upstroke of LV pressure and at peak negative LV - ^ EE? EE? 6o s. 
dP/dt, respectively.!? Percent systolic wall thickening (%WT) t$? TES $ ges $ E eH I. 
was calculated from the formula! (ESWT-EDWT)/EDWT 2s E 255 E@SS| veg 
X 100, where ESWT = end-systolic wall thickness and 23 5 S> g E. Lr S gs £ F 
EDWT = end-diastolic wall thickness. In control dogs, which eo 23 $9 $s9o9/2992972 
were instrumented with Doppler thickening crystals, %WT = 99279 © SZO n g 85 
was calculated from the formula (ST/EDT) x 100, where ST u SSaS | Ss2S Vz9u 
= systolic increase in wall thickness and EDT = end-diastol- E, 5 S xg bagal. US> 
ic thickness estimated from the sample volume depth. Per- He S25 $865 


cent systolic wall thickening measured by the Doppler probe 
correlates closely with that determined by the 2-crystal tran- 
sit-time method over a wide range of values.!9.!! Measure- 
ments from at least 5 beats were averaged at each time point. 








% WT 


Base Occl 


Statistical analysis: All values are reported as mean + 
standard error of the mean. Analysis of variance was used to 
test the differences in repeated measurements from the same 
dogs. If the F test showed an overall difference, comparisons 
between 2 time points were performed by the 2-tailed Student 
t test for paired data and the resulting p values were adjusted 
by Bonferroni's method.!^ 


Results 
Of the 18 dogs initially instrumented, 1 dog died of 


ventricular fibrillation during occlusion and 3 dogs died 
after reperfusion. The results from the remaining 14 
dogs (5 control and 9 treated) form the basis of this re- 
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FIGURE 2. Effect of isoproterenol on percent systolic wall thickening 
(96 WT) in individual dogs. Wall thickening values under baseline con- 
ditions, before isoproterenol (3 hours of reperfusion), 10 minutes after 
the start of isoproterenol infusion, and 30 minutes after cessation of 
infusion are shown. Isoproterenol consistently improved regional 
function in all dogs, including those exhibiting dyskinesia, and restored 
wall thickening to baseline values or above in all but 1 dog. 
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FIGURE 1. Percent systolic wall thickening (% WT) under 
baseline conditions (Base), during coronary occlusion 
(Occl), and at selected times after reperfusion. Solid 
circles with continuous line represent the treated group, 
which received isoproterenol between 3 and 3.5 hours 
of reperfusion; open circles with dashed line represent 
the control group. Wall thickening was still markedly 
depressed at 3 hours of reperfusion in both groups, but 
increased strikingly in response to isoproterenol, attaining 
levels slightly higher than those observed under baseline 
conditions, *p «0.001 vs baseline; **p «0.01 vs 3 
hours. 
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port. TTC staining showed no evidence of irreversible 
damage in any of these dogs. 

Systemic hemodynamics: Heart rate, mean aortic 
pressure and peak positive LV dP/dt values are listed 
in Table I. Three hours after LAD reperfusion, systemic 
hemodynamic values were similar to values at baseline. 
In the treated group, isoproterenol significantly in- 
creased heart rate and LV dP/dt (p «0.001), and tended 
to lower aortic pressure (p <0.10). These effects were 
no longer discernible 30 minutes after discontinuation 
of isoproterenol. Hemodynamic variables remained 
stable between 3 and 4 hours in the control group. 

Regional function: In both groups, end-diastolic 
wall thickness decreased during LAD occlusion (p 
<0.01), but returned to values similar to baseline after 
1 hour of reperfusion (Table I). Isoproterenol produced 
an insignificant increase in end-diastolic wall thickness 
(Table I). 

During LAD occlusion, systolic wall thickening was 
replaced by paradoxical holosystolic thinning in all dogs. 
After reperfusion, wall thickening remained severely 
depressed and at 3 hours averaged only 13.6% of the 
preocclusion value in the control and 12.3% in the 
treated group (Fig. 1). In the treated group, isoprote- 
renol produced a dramatic increase in wall thickening, 
from 2.6 + 3.4% to 24.8 + 4.5% at 10 minutes and 23.0 
+ 4.9% at 30 minutes of infusion (p <0.001), values that 
were slightly higher than those recorded before LAD 
occlusion (Fig. 1). The increase was consistently ob- 
served in all dogs (Fig. 2). In the 4 dogs that still had 
paradoxical systolic thinning at 3 hours of reperfusion, 
isoproterenol induced resumption of active systolic 
thickening (Fig. 2). The 8-adrenergic agonist restored 
regional contractile function to baseline levels or above 
in all but 1 dog (Fig. 2). An original representative re- 
cording from 1 dog is shown in Figure 3. T'hirty minutes 
after cessation of isoproterenol infusion, wall thickening 
had returned to levels similar to those before infusion 
(Fig. 1 and 2). No significant change in wall thickening 
was observed between 3 and 4 hours of reperfusion in 
the 5 control dogs (Fig. 1). 
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Discussion 


This study shows that reperfused, severely depressed 
myocardium possesses considerable functional reserve. 
Isoproterenol reversed postischemic dysfunction and 
restored wall thickening to preocclusion baseline levels 
(although not to the higher levels that would be ex- 
pected with -adrenergic stimulation under normal 
conditions). Moreover, our data show that even intense 
inotropic stimulation of stunned myocardium does not 
result in early functional deterioration after the ino- 
tropic agent is discontinued. 

Our results are in agreement with those of a previous 
study by Mercier et al!6 showing that the administration 
of dopamine for 10 minutes improves the contractile 
function of reperfused, depressed myocardium. Mercier 
et al assessed segmental myocardial shortening, whereas 
we measured LV wall thickening. The latter method 
may more accurately reflect transmural myocardial 
function than the segment-length method because it is 
not affected by the variation in fiber orientation in the 
different layers of the LV wall.!” Mercier et al showed 
that the contractile function of stunned myocardium 
can be greatly enhanced, but the 10-minute stimulation 
period may have been too short to precipitate potential 
deleterious sequelae. We thus extended the period of 
inotropic stimulation to 30 minutes. Furthermore, in 
order to produce intense myocardial stress, we admin- 
istered large doses of isoproterenol, an extremely potent 
inotropic agent. It is unlikely that afterload reduction 
secondary to the vasodilator effects of isoproterenol 
contributed significantly to the enhanced contractility 
of stunned myocardium, because the drug produced 
only modest reductions in mean (from 111 + 6 to 98 + 
3mm Hg) and systolic (from 131 + 6 to 126 + 6 mm Hg) 
arterial pressure; furthermore, there was no significant 
correlation between the inotropic and hypotensive ef- 
fects of isoproterenol. 

Our transmural measurements of myocardial thick- 
ening do not provide information regarding the relative 

responses of the inner and outer layers of the LV wall 
. to isoproterenol. Theoretically, such responses may 
differ. Coronary occlusion in the dog results in non- 
uniform transmural ischemia, with more severe flow 
reductions in, the subendocardial than in the subepi- 
cardial layers. Recent studies from this laboratory!? 
indicate that recovery of contractile function after a 
15-minute coronary occlusion followed by reperfusion 
is also nonuniform across the LV wall, occurring more 
slowly in the subendocardium than in the subepicar- 
dium. Further investigations are necessary to deter- 
mine whether the increased transmural myocardial 
thickening that is observed with inotropic stimulation 
reflects improved contractile performance in all layers 
or primarily in the less severely injured subepicardial 
layers. 

The present study has important implications with 
regard to the mechanism of postischemic dysfunction. 
Several recent investigations?^ indicate that postis- 
chemic dysfunction is associated with myocardial ATP 
depletion, suggesting that the 2 phenomena may be 
causally related. During ischemia ATP is degraded to 
metabolites such as adenosine, hypoxanthine and in- 
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osine, which readily diffuse across cell membranes and 
are therefore washed out of the myocardium at the time 


of reperfusion.?" Resynthesis of ATP can occur through 


either a slow de novo pathway or a faster “salvage” 
pathway, which involves production of adenine nucle- 
otides from adenosine, hypoxanthine and inosine.? The 
loss of these precursors from the reperfused myocar- 
dium limits the latter pathway and is believed to ac- 
count, in part, for the prolonged ATP depletion ob- 
served after reversible ischemia.?:?: 

If resynthesis of ATP in stunned myocardium were 
inherently limited, one would expect little or no re- 
sponse to stress, or possibly even a deterioration as a 


result of rapid utilization of the remaining high-energy _ 


phosphates. The striking, sustained increase in con- 
tractility observed in the present study during isopro- 
terenol infusion and the absence of deleterious sequelae, 
however, clearly indicate that even severely depressed 
myocardium is capable of substantial ATP production, 
at least sufficient to support return of function to 
baseline levels. Hence, impaired resynthesis of ATP is 
not, in itself, the primary factor responsible for postis- 
chemic dysfunction. Further evidence corroborating 
this conclusion is provided by the finding that manip- 
ulations that attenuate ATP depletion after reversible 
ischemia do not result in functional improvement,!9,20 
and that the severity of postischemic dysfunction does 


not correlate with myocardial ATP levels.?! Recent 
studies from this laboratory suggest that an alternative - 


mechanism for postischemic dysfunction may be the 
generation of oxygen free radicals during ischemia or 
reperfusion.?? Among their many deleterious effects, 
these toxic oxygen metabolites cause damage to the 
sarcoplasmic reticulum, which may result in excita- 
tion-contraction uncoupling.?? 

Our data may have implications for numerous clinical 
settings in which the myocardium is exposed to tran- 
sient ischemia, including acute myocardial infarction 
with early reperfusion (either spontaneous or induced 
by thrombolytic therapy), unstable or variant angina, 
open-heart surgery with cardioplegic arrest and cardiac 
transplantation. The presence of stunned myocardium 
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FIGURE 3. Original recordings from a dog in the treated group. Systolic 
wall thickening (WT) present under baseline conditions was replaced 
by holosystolic thinning during left anterior descending coronary artery 
occlusion with minimal recovery 3 hours after reperfusion. Isoproterenol 
markedly increased function, with resumption of active systolic thick- 
ening. Thirty minutes after isoproterenol was discontinued (30 min p 
isoproterenol), wall thickening was similar to that observed before 
isoproterenol. AoP = aortic pressure; ECG = electrocardiogram. 
Vertical lines indicate beginning and end of systole. 
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in these settings is suggested by several recent obser- 
vations,®?4-26 and may be an important factor precipi- 
tating LV failure. If applicable to man, our results in- 
dicate that postischemic dysfunction can be effectively 
reversed with inotropic therapy without short-term 
deleterious sequelae. Further studies, however, are 
needed to determine whether such inotropic stimulation 
adversely affects the recovery of stunned myocardium 
in the long term. 
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Myocardial Kinetics of Thallium-201 After Stress 
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Despite the emerging use of quantitative computer 
programs for assessing myocardial thallium uptake 
and clearance after exercise, little is known about 
the kinetics of thallium after exercise stress. Ac- 
cordingly, 11 mongrel dogs with experimental left 
anterior descending coronary stenoses were given 
thallium during norepinephrine infusion to simulate 
exercise. The infusion was discontinued and thallium 
activity was monitored regionally using miniature 
radiation detectors for 3 hours. Heart rate, arterial 
pressure and double product all increased signifi- 
cantly during norepinephrine infusion. The mean 
fractional myocardial thallium clearance was lower 
(0.47 + 0.03 [+ standard error of the mean|) for the 
stenosis zone than for the no-stenosis zone (0.57 + 
0.03) (p <0.0001). The stress blood flow ratio 


(stenosis/no-stenosis zone = 0.27 + 0.06) was 
significantly lower than the final thallium activity 
ratio (0.68 + 0.07) (p «0.001), consistent with 
thallium redistribution occurring over the 3-hour 
period. Myocardial thallium activity in the stenosis 
zone peaked in a mean of 2.2 minutes, then washed 
out biexponentially with a final decay constant of 
0.0035 + 0.0005 min  '. Myocardial thallium activity 
in the no-stenosis zone peaked within 1 minute in 
all dogs, then washed out biexponentially, with a 
final decay constant of 0.0043 + 0.0003 (p «0.001 
compared with stenosis zone). In conclusion, frac- 
tional clearance of thallium can differentiate myo- 
cardium distal to a coronary artery stenosis from that 
supplied by a normal coronary vessel. 

(Am J Cardiol 1985;56:969-973) 





Thallium-201 imaging in conjunction with exercise 
electrocardiography is widely used for the diagnosis of 
coronary artery disease. Studies have shown an im- 
proved diagnostic accuracy for the thallium study 
compared with exercise electrocardiography alone.! 
Thallium redistribution—the resolution on delayed 
images of a defect observed on initial post-stress im- 
ages—has been used as an indication of stress-induced 
ischemia as opposed to scar.? Quantitative computer 
techniques were recently described for analyzing the 
initial uptake and subsequent clearance of thallium 
from the myocardium.?-!! Therefore, it is important to 
understand the kinetics of thallium uptake and clear- 
ance from ischemic and normal myocardium after 
thallium administration during stress. Normal myo- 
cardial thallium clearance rates are difficult to deter- 
mine from patient studies, because background can be 
difficult to subtract accurately. Therefore, miniature 
implantable cadmium telluride radiation detectors were 
developed.!? These detectors permit continuous mon- 
itoring of thallium activity in experimental models 


From the Cardiac Unit, Department of Medicine of the Massachusetts 
General Hospital, Harvard Medical School, Boston, Massachusetts, 
and the Saint Francis of Tulsa Medical Research Foundation, Univer- 
sity of Oklahoma, Tulsa, Oklahoma. Dr. Okada is an Established 
Investigator of the American Heart Association, Dallas, Texas, and an 
Investigator of the Saint Francis of Tulsa Medical Research Founda- 
tion. This study was supported in part by U.S. Public Health Service 
Grants HL-21751 and HL-26215 from the National Heart, Lung, and 
Blood Institute, Bethesda, Maryland. Manuscript received February 
13, 1985; revised manuscript received May 24, 1985, accepted May 
28, 1985. 

Address for reprints: Robert D. Okada, MD, Cardiac Unit, Massa- 
chusetts General Hospital, Boston, Massachusetts 02114. 


without the need for background correction. In the 
present study these miniature radiation detectors 
were used to study thallium kinetics after stress in 
myocardium supplied by stenotic and normal coro- 
nary arteries. 


Methods 


Canine preparation: Eleven adult mongrel dogs (mean 
weight 20 kg, range 17 to 23) were studied. The canine prep- 
aration has been reported.!? Electrocardiographic lead II and 
pressures (P23Db transducers, Gould Inc.) were monitored 
continuously throughout the experiment and recorded on 
paper with a Hewlett-Packard recorder (model 7788A). 
Samples of arterial blood were drawn frequently to assess pH, 
PO, and PCOs. Appropriate adjustments were made to 
maintain values in the physiologic range (pH 7.35 to 7.45 and 
PCO» 30 to 40 mm Hg). Arterial PO? was maintained between 
100 and 150 mm Hg throughout the experiment. 

A miniature cadmium telluride radiation detector attached 
to a modified arterial clamp was inserted through the left 
ventricular apex, positioned against the posterior wall endo- 
cardium, and used for on-line monitoring of thallium-201 
activity distal to the balloon occluder (Fig. 1). A similar de- 
tector was positioned against the left ventricular anterior wall 
endocardium. The endocardial position for the detectors was 
chosen so that monitored activity would be less affected by 
activity from the opposite wall and the blood pool. The an- 
terior wall detector was positioned to face through the open 
thoracotomy, thereby further reducing background activity. 
A lead sheet (!/ inch) was placed between the posterior wall 
and the pericardium to further reduce background activity 
from this probe. The physical characteristics of the cadmium 
telluride probes have been reported. The probes were con- 
nected via preamplifiers to a multichannel analyzer (Series 
30, Canberra Industries), which allowed continuous moni- 
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TABLE! Hemodynamic Data 
HR MAP 
(beats/min) (mm Hg) RPP (Systolic) 
Dog R S E R S E R S E 

1 180 250 190 100 185 95 19,800 52,500 20,900 
2 150 200 170 85 180 85 16,500 40,000 17,000 
3 185 220 190 90 160 95 18,500 36,000 20,900 
4 200 240 200 98 160 95 24,000 54,000 20,000 
5 130 189 130 70 150 75 13,010 30,240 11,700 
6 200 230 200 110 140 100 26,000 39,100 28,000 
7 160 180 160 80 110 100 14,400 22,500 15,000 
8 170 190 170 100 140 90 20,400 38,000 18,700 
9 200 220 200 110 165 100 26,000 44,000 24,000 
10 150 190 140 90 125 90 15,000 19,026 14,000 
11 180 200 180 130 250 135 25,200 58,000 26,500 

Mean R 173r 7 9715 19,892 + 4,845 

+ SEM 
S 209 t7 160 + 10 31,028 + 13,927 
E1757 96+4 19,700 + 5,132 





CO = cardiac output; E = end of experiment; HR = heart rate; LAD = left anterior descending coronary artery; LAP = left atrial pressure; 
MAP = mean arterial pressure; ND = not done; PAP = pulmonary artery pressure; R = rest; RPP = rate-pressure product; S = stress; SEM 


= standard error of the mean; Sono = sonomicrometry. 


toring and display of thallium-201 activity in the 2 regions. 
Sonomicrometer transducer crystals (3 mm in diameter) were 
attached to both arms of each arterial clamp and connected 
to a sonomicrometer (model NI-202-4R, Norland Instru- 
ments) to determine wall thickness.!4 

Experimental protocol (Fig. 2): Using the electromag- 
netic flow probes as guides, the balloon occluder was inflated 
to create resting flow ratios (left anterior descending/left 
circumflex zones) ranging from 0.95 to 0.40 for the 11 dogs. 
After a 30-minute stabilization period, baseline hemodynamic 
values were recorded. These measurements included heart 
rate, cardiac output, sonomicrometer-determined wall 
thickness, and arterial, left atrial, pulmonary arterial and 
distal left anterior descending coronary arterial pressures. 
Regional myocardial blood flow was determined by the ad- 
ministration of 4.5 million tin-113-labeled, 15- to 17-4 mi- 
»rospheres (30 uCi total activity) into the left atrium. Arterial 
reference blood samples were collected for 2 minutes after the 
microsphere injection. 

An infusion of norepinephrine was then started into the 
right atrium (8 mg in 250 ml of saline solution). The infusion 
rate was increased, aiming for a target arterial systolic blood 
pressure of 200 mm Hg, because this level is the maximal re- 





FIGURE 1. Miniature radiation detector assembly. The miniature ra- 
diation detector is mounted on the end of a modified vascular 


clamp. 
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sponse in untethered dogs.!? The infusion was continued for 
4 minutes. Thallium-201, 1.0 mCi, was then administered into 
the second venous catheter. Simultaneously, regional myo- 
cardial blood flow was determined by administration of 4.5 
million niobium-95-labeled, 15- to 17-4 microspheres (30 uCi 
total activity) into the left atrium. Arterial reference blood 
samples were collected for 2 minutes. To measure blood 
thallium activity over time, 1-ml arterial blood samples were 
collected at 2, 4, 6, 8, 10, 20, 30, 60, 90, 120, 180 and 240 min- 
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FIGURE 2. Experimental protocol. LAD = left anterior descending 
coronary artery. 
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utes after thallium injection. One minute after the thallium 
injection, the norepinephrine infusion was stopped. Miniature 
radiation detector probe counts were then monitored con- 
tinuously in 1-minute intervals over the following 180 minutes. 
Heart rate, cardiac output, sonomicrometer-determined wall 
thickness, and arterial, left atrial, pulmonary arterial and 
distal left anterior descending coronary arterial pressures were 
determined frequently. At the end of the 180-minute period, 
regional myocardial blood flow was determined a last time by 
administration of scandium-46-labeled microspheres into 
the left atrium. The dog was then killed and myocardial and 
blood samples were counted in a well counter as previously 
reported.!? 

Data analysis: The 3-hour fractional myocardial thallium 
clearance was calculated from the probe activities at the be- 
ginning (first minute values) and end of the 180-minute 
monitoring period. The 3-hour fractional myocardial thallium 
clearance for the anterior wall (balloon stenosis zone) was 
compared to that for the posterior wall (no balloon stenosis 
zone). The stress regional myocardial blood flow ratio (ste- 
nosis/no stenosis) as determined by microspheres was com- 
pared with the final thallium activity ratio as determined in 
the well counter. A greater final thallium ratio than stress 
blood flow ratio was considered evidence of thallium redis- 
tribution. Myocardial and blood time-activity curves were also 
analyzed using a computer-assisted, nonlinear, least-squares 
estimation of the decay constant À (min^!). Curves were best 
fit to either a monoexponential, biexponential or triexpo- 
nential fit. In the case of a triexponential fit, ^, was the initial 
decay constant, Az the intermediate decay constant and Ag the 
final decay constant. 

Values are mean + standard error of the mean. Differences 
between rest and stress hemodynamic values and between 
stenosis and no stenosis myocardial zones were analyzed by 
a paired t test. 


Results 


Hemodynamic data (Table I): Heart rate, mean 
arterial pressure, and double product all increased sig- 
nificantly during norepinephrine infusion (all p 
<0.0001). Heart rate, arterial pressure and double 
product were not significantly different from baseline 
values at the end of the study. Cardiac output and mean 
left atrial, pulmonary arterial and distal left anterior 
descending coronary arterial pressures also increased 


significantly during norepinephrine stress (all p 
<0.0001) and were unchanged from baseline values at 
the end of the study. Sonomicrometer-determined mean 
myocardial wall thickness did not change during the 
experiment. 

Regional myocardial blood flow was significantly 
lower in the stenosis zone (0.80 + 0.13 ml/min/g) than 
in the no-stenosis zone (1.33 + 0.13 ml/min/g) at rest (p 
<0.001). Blood flow in the stenosis zone increased, but 
not significantly, during norepinephrine infusion. Flow _ 
in the no-stenosis zone increased significantly, to 5.33 
+ 0.74 ml/min/g, during norepinephrine infusion (p 
<0.0001). 

Thallium clearance data: The no-stenosis and 
stenosis zone myocardial thallium clearance curves for 
1 dog (dog 5) are shown in Figure 3. Fractional myo- 
cardial thallium clearance was 0.61 for the no-stenosis 
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FIGURE 3. Representative probe-determined myocardial thallium (TL) 3 


clearance curves after norepinephrine for the no-stenosis and stenosis 
zones. 
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zone and 0.49 for the stenosis zone. Time to peak thal- 
lium activity was 1 minute for the no-stenosis zone and 
7 minutes for the stenosis zone. 

Table II lists the myocardial and blood thallium 
washout data for the 11 dogs. The mean fractional 
myocardial thallium clearance was significantly lower 
(0.47 + 0.03) for the stenosis zone than the no-stenosis 
zone (0.57 + 0.03) (p < 0.0001). The stress blood flow 
ratio (stenosis/no-stenosis zone = 0.27 + 0.06) was sig- 
nificantly lower than the final thallium activity ratio 
(0.68 + 0.07) (p < 0.001), consistent with thallium re- 
distribution occurring between the time of thallium 
injection and 3 hours later. 

Myocardial thallium activity in the stenosis zone 
peaked in a mean of 2.2 + 0.6 minutes, then washed out 
biexponentially with an early mean decay constant of 
0.0994 + 0.0218 min“! and a final decay constant of 
0.0035 + 0.0005 min^!. Myocardial thallium activity in 
the no-stenosis zone peaked within 1 minute in all dogs, 
then washed out biexponentially with an early de- 
cay constant of 0.1003 + 0.0232 min and a final 
decay constant of 0.0043 + 0.0003 min^! (p «0.001 vs 
stenosis zone). Blood thallium activity cleared tri- 
exponentially. 


Discussion 


Exercise thallium imaging is widely used to evaluate 
patients with chest pain. Thallium defects on initial 
postexercise images can represent either scar or ische- 
mia. However, filling in of the defect, so-called thallium 
redistribution, is believed to differentiate ischemia from 
scar. For the most part, thallium images are interpreted 
qualitatively. Considerable training and experience is 
required to accurately interpret these images. Fur- 
thermore, there is considerable observer variance in the 
interpretations.!6 To overcome these shortcomings and 
in an attempt to improve the diagnostic accuracy, 
quantitative computer programs have been developed 
for interpreting serial patient thallium studies.?-!! 
Normal limit profiles have been established for clear- 
ance based on studies in subjects with low probability 
for coronary disease. Berger et al,!! using both distri- 
bution and clearance (absence of any washout) criteria, 
reported a sensitivity of 91% and specificity of 90%. 
Wackers et al? found that clearance was “almost uni- 
form" in all myocardial segments. These investigators 
reported a sensitivity 89% and specificity of 95% for 
combined distribution and clearance criteria. Garcia 
and associates? detected coronary disease with clearance 
criteria alone in 2 of 20 patients. They found that 33 of 
46 patients (72%) with “diffuse slow washout” of thal- 
lium had 3-vessel or left main coronary artery disease.9 
They also detected an additional 14% of diseased vas- 
cular distributions using clearance criteria.’ 

In the present study, exercise was simulated using a 
norepinephrine infusion. Mean heart rate, blood pres- 
sure and double product were all significantly in- 
creased by the norepinephrine infusion. However, dif- 
ferences do exist between this model and true exercise. 
With true exercise, blood flow and, thus, thallium de- 
livery and uptake are increased in the large skeletal 
muscles. Therefore, although first-pass myocardial 
thallium uptake is the same, subsequent myocardial 
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uptake may be less with true exercise. Furthermore, 
true exercise usually produces a greater heart rate 
response and lesser blood pressure response compared 
with the norepinephrine model. 

The present study demonstrates a reduced fractional 
thallium clearance rate from myocardium supplied by 
a stenosed coronary artery, when tracer was adminis- 





presence of pacing-induced reduced flow in the cir- 
cumflex-perfused endocardial tissue. Llaurado et al?® 
showed that the delayed myocardial uptake of thallium 
is not a result of reintroduction of tracer into the blood 
from other body organs. 


Acknowledgment: We thank Betty La Marca and 
Katherine Hogan for their secretarial assistance and Donna 


tered during exercise simulation using norepinephrine. 
Thus, these findings agree with clinical observations.?-!! 
Whereas normally perfused myocardium showed a 
mean fractional clearance rate of 0.57 over 3 hours, all 
11 dogs demonstrated reduced clearance rates distal to 
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distribution period is the cause of reduced clearance 
from the stenosis-zone myocardium. Furthermore, be- 
cause the effects of norepinephrine on the no-steno- 
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Relation of Myocardial Salvage to Size 
of Myocardium at Risk in Dogs 


ANDREW ZALEWSKI, MD, SHELDON GOLDBERG, MD, DUARTE B. FARIA, MD, 
RICHARD KROL, MD, and PETER R. MAROKO, MD 





Infarct size varies in untreated animals subjected 
to coronary artery occlusion at the same anatomic 
site. The relation between the hypoperfused zone 
and the magnitude of myocardial salvage when 
different pharmacologic interventions are used re- 
mains to be established. Thus, in 95 anesthetized 
dogs, 1 minute after left anterior descending coro- 
nary occlusion, technetium-99m-labeled albumin 
microspheres (8 mCi) were injected into left atrium 
for the assessment of the hypoperfused zone. Fif- 
teen minutes after coronary occlusion 42 dogs were 
randomized into a control group and 53 into a treated 
group. In the treated group, 6 dogs received ni- 
fedipine, 0.35 ug/kg followed by 2.4 ug/kg/hour; 
7 received diltiazem, 0.2 mg/kg followed by 0.9 
mg/kg/hour; 13 received bepridil, 2.5 mg/kg; 9 re- 
ceived cytochrome C, 2.5 mg/kg; 8 received ru- 
losides, 200 mg/kg; and 10 received nifedipine plus 
cytochrome C. All drugs were administered intra- 
venously. At 6 hours the dogs were killed and their 
hearts were cut into 3-mm-thick slices. Infarct size 
was determined by triphenyltetrazolium chloride 


staining; the hypoperfused zone was delineated by 
autoradiography. The dogs were retrospectively 
subgrouped as follows: those with small hypoper- 
fused zones, i.e., less than 15% of the left ventricle 
(controls n — 8, treated n — 7) and those with large 
hypoperfused zones, i.e., more than 15% of the left 
ventricle (controls n — 34, treated n — 46). In dogs 
with large hypoperfused zones, treatment salvaged 
42 + 3% of the myocardium destined to undergo 
necrosis, whereas in those with small hypoperfused 
zones 78 + 10% of myocardium was salvaged (p 
<0.001). A close inverse correlation between the 
hypoperfused zone and infarct size reduction was 
found in all treated dogs. In conclusion, more striking 
salvage of ischemic myocardium was observed in 
dogs with a small area at risk when different inter- 
ventions were used after coronary artery occlusion. 
Thus, the initial size of the hypoperfused zone is an 
important determinant of the effectiveness of various 
pharmacologic treatments in reducing infarct size. 


(Am J Cardiol 1985;56:974-977) 





Coronary artery occlusion at the same anatomic site 
results in significant variation in subsequent infarct 
size.! This variability is not related to changes in the 
major determinants of myocardial oxygen consumption, 
but rather, is dependent on the amount of myocardium 
supplied by an occluded artery, i.e., the area at risk.! 
Several investigators!-* have shown a close linear cor- 
relation between the size of the area at risk and subse- 
quent necrosis in untreated animals. Therefore, the 
myocardium at risk is an important predictor of infarct 
ize. Several pharmacologic interventions have been 
described*:>8 that reduce the area at risk that evolves 
to necrosis; thus, it is pertinent to assess whether the 
:xffectiveness of these interventions is modified by the 
nitial area at risk. A preliminary study with methoxy- 
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verapamil? revealed that the drug is more effective in 
reducing infarct size in dogs with a small area at risk 
than in those with large area at risk. However, whether 
these findings with methoxy-verapamil are more uni- 
versally applicable when other interventions are used 
to reduce infarct size is not known. The aim of this study 
was to assess the relation between the initial area at risk 
for infarction and the magnitude of reduction of infarct 
size using various pharmacologic interventions. 


Methods 


Animal preparation: Ninety-five dogs were anesthetized 
with sodium pentobarbital, 20 mg/kg intravenously, intubated 
endotracheally and ventilated with room air using a volume 
respirator (Harvard Apparatus). Systemic arterial pressure 
(Statham P23Db pressure transducer) and electrocardio- 
graphic lead aVF were recorded continuously throughout the 
6-hour experiments on a polygraph (Gould Instruments). A 
thoracotomy was performed through the fifth intercostal 
space and the left anterior descending coronary artery was 
permanently occluded proximal to the first diagonal branch 
for 6 hours. 

.Experimental protocol: One minute after coronary oc- 
clusion, 2 X 109 (8 mCi) technetium-99m-labeled albumin 
microspheres, 20 um in diameter, (3M Co.) were injected into 
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the left atrium for the subsequent determination of the hy- 
poperfused zone i.e., area at risk for infarction. At 15 minutes 
after coronary occlusion, 42 dogs were randomized to a control 
group and 53 to a treated group. Dogs in the treated group 
received various drugs intravenously: 6 received nifedipine, 
0.35 ug/kg as a loading dose followed by 2.4 ug/kg/hour; 7 re- 
ceived diltiazem, 0.2 mg/kg as a loading dose followed by 0.9 
mg/kg/hour; 13 received bepridil, 2.5 mg/kg; 9 received cyto- 
chrome C, 2.5 mg/kg; 8 received rutosides, 200 mg/kg; and 10 
received nifedipine in combination with cytochrome C. Six 
hours after occlusion, the dogs were killed with an intravenous 
injection of potassium chloride and their hearts were excised. 
The left ventricles were then frozen at —70°C and cut into 
3-mm-thick slices from the apex to the site of occlusion. Re- 
trospectively, all dogs were arbitrarily separated into groups 
according to the initial area at risk: those with hypoperfused 
zones less than 15% of the left ventricle (controls n = 8, treated 
n = 7); and those with hypoperfused zones more than 15% of 
the left ventricle (controls n = 34, treated n = 46). All inter- 
ventions were represented in both groups i.e., with large and 
small hypoperfused zone, respectively. 

Infarct size measurements: To assess the extent of 
myocardial infarction, the slices were incubated in a 1.5% 
solution of triphenyltetrazolium chloride (Sigma Chemicals) 
for 10 minutes at 37°C. The reaction was stopped by rinsing 
with a 10% solution of formaldehyde, which enhances the red 
color of the normal myocardium contrasting with the pale 
yellow of the damaged tissue.? The normal and necrotic areas 
were then planimetered (Apple II computer). The extent of 
the hypoperfused zone was determined on the same slices. The 
slices were placed on radiographic films (Cronex 4 E.I. Du- 
Pont) and autoradiographed for 13 hours. To clearly identify 
their borders, soft radiographs (i.e., 25 KvP 100MAS) were 
also obtained and superimposed on the autoradiographs. The 
contours of the slices and the “cold spots” —areas of hypoper- 
fusion—were delineated on transparent plastic sheets and 
planimetered (Apple II computer). 

In each dog the following variables were calculated: (1) 
Percent of left ventricle that showed myocardial necrosis. This 
zone defined the infarct size. (2) Percent of left ventricle that 
was initially hypoperfused as determined by autoradiography 
(*cold spot"), and defined the hypoperfused zone. (3) Percent 
of the hypoperfused zone that evolved to infarction. This 
was calculated by dividing infarct size by the hypoperfused 
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FIGURE 1. Percent of the hypoperfused zone (HZ) that evolved to ne- 
crosis, i.e., ratio of infarct size (IS) to HZ, in the control and treated 
groups, regardless of the initial size of the HZ. Values are mean + 
standard error of the mean. 


Treated 


zone and multiplying by 100, and was used to examine 


whether the intervention was effective in reducing myocar- 
dial damage. (4) Effectiveness of the interventions was as- 
sessed by calculating reduction in the infarct size/hypo- 
perfused zone ratio compared with the control group. 
Furthermore, percent reduction in infarct size was examined 
as a continuous function of the hypoperfused zone. 
Statistical analysis: The results were expressed as mean 
+ standard error of the mean. A Student unpaired t test was 
used for comparisons between the control and treated 
groups. A p value «0.05 was considered significant. 


Results 


To verify whether the control and treated groups were 
comparable before intervention, heart rate and mean 
arterial pressure were analyzed. Accordingly, 15 minutes 
after coronary artery occlusion, i.e., after randomization 
but before the interventions were begun, heart rate was 
133 + 5 and 118 + 3 beats/min in the control and treated 
groups, respectively (difference not significant [NS]). 
Mean arterial pressure at 15 minutes after coronary 


occlusion was 102 + 4 and 99 + 4mm Hg (NS) inthe © 


control and treated groups, respectively. 

Analysis of the extent of myocardial damage: The 
hypoperfused zone was 23 + 1% of the left ventricle in 
the control group (n = 42) and 25 + 1% in the treated 
group (n = 53) (NS). Infarct size was 21 + 1% of the left 
ventricle in the control group and 14 + 2% in the treated 
group (p <0.005). In the control group, an average of 92 
+ 1% of the hypoperfused zone evolved to infarction, 
whereas in the treated group 50 + 3% evolved to in- 
farction, (p «0.001), indicating significant salvage of 
ischemic myocardium (Fig. 1). 

Relation between size of the hypoperfused zone 
and myocardial salvage: When dogs were separated 
into groups according to initial risk area, 20 + 9% of the 
hypoperfused zone evolved to infarction in dogs re- 
ceiving treatment when the hypoperfused zone was less 
than 15% of the left ventricle (p «0.001 vs respective 
controls) and 54 + 3% in dogs when the hypoperfused 
zone was more than 15% of the left ventricle (p «0.001 
vs respective controls) (Fig. 2). The infarct size/hypo- 
perfused zone ratio was 90 + 1% and 93 + 2% in controls 
with the hypoperfused zone less than 15% of the left 
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FIGURE 2. Percent of the hypoperfused zone (HZ) that evolved to ne- 
crosis, i.e., ratio of infarct size (IS) to HZ, with respect to the initial size 
of the HZ. Values are mean + standard error of the mean. LV = left 
ventricle. 
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ventricle and the hypoperfused zone more than 15% of 
the left ventricle, respectively (NS) (Fig. 2). 

Myocardial salvage as measured by reduction of the 
infarct size/hypoperfused zone ratio in the 2 treated 
groups is shown in Figure 3. In dogs with a hypoperfused 
zone more than 15% of the left ventricle treatment sal- 
vaged 42 + 3% of the myocardium destined to undergo 
necrosis, whereas in those with the hypoperfused zone 
less than 15% of the left ventricle significantly more 
myocardium was salvaged: 78 + 10% (p <0.001). When 
infarct size reduction in the treated groups was ana- 
lyzed as a function of the risk area (Fig. 4), a close in- 
verse correlation was found |infarct size reduction 
(percent) = 127.52 — 3.51 (hypoperfused zone); n = 53, 
r = —0.74]. 

Hemodynamics: Heart rate measured at 15 minutes, 
3 hours and 6 hours after coronary occlusion was 124 + 
16, 94 + 5 and 119 + 16 beats/min in the treated group 
with the hypoperfused zone less than 15% of the left 
ventricle and 117 + 3, 108 + 3 and 112 + 4 beats/min in 
the treated group with a hypoperfused zone greater than 
15% of the left ventricle (NS). Mean arterial pressure 
at 15 minutes, 3 hours and 6 hours after coronary oc- 
clusion was 102 + 9, 107 + 13 and 102 + 12 in the treat- 
ed group with a hypoperfused zone less than 1596 
of the left ventricle and 99 + 3, 111 + 4 and 107 + 3 mm 
Hg in the treated group with a hypoperfused zone more 
than 15% of the left ventricle (NS). 


Discussion 


This study indicates that the effectiveness of phar- 
macologic intervention in reducing infarct size is related 
to the size of the initial risk area, i.e., hypoperfused zone. 
Thus, more striking salvage of ischemic myocardium 
was observed when the hypoperfused zone was small. 

Pathophysiology of the area at risk: The size of a 
myocardial infarction depends on the magnitude of 
collateral flow at the border of the hypoperfused zone 
as well as on myocardial oxygen consumption. 
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FIGURE 3. Reduction in infarct size/hypoperfused zone ratio (IS/HZ) 
in 2 treated groups according to the initial size of the hypoperfused zone. 
More striking myocardial salvage was observed in the treated group 
with the hypoperfused zone of less than 1596 of the left ventricle (LV). 
Values are mean + standard error of the mean. 
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Several investigators*!9.!! reported the presence of 
a flow gradient from the border zone to the center of an 
infarct, with a modest increase of collateral flow to the 
epicardial portion of the ischemic zone 24 hours after 
the onset of ischemia.!?-1? Because our study was lim- 
ited to 6 hours of coronary occlusion, spontaneous 
changes in collateral flow within the ischemic zone were 
unlikely to occur. Striking myocardial salvage in dogs 
with smaller risk areas may be attributed only in part 
to the increase in collateral flow within the ischemic 
zone caused by some of the interventions used in this 
study, such as nifedipine!?!4 or diltiazem.!? In con- 
trast, other treatments, such as rutosides? or cyto- 
chrome C (Maroko PR, Krol R: unpublished data), did 
not change regional myocardial blood flow after coro- 
nary occlusion. 

These findings indicate that marked myocardial 
salvage in dogs with a small area at risk does not require 
an absolute increase in collateral perfusion. The ob- 
served difference in infarct size reduction was also not 
related to changes in myocardial oxygen consumption, 
as indicated by similar heart rates and arterial pressures 
between the treated groups with small and large risk 
areas. 

Determination of area at risk: Several investiga- 
tors!416,17 defined the area at risk by postmortem in- 
jection of radiopaque gels or a dye solution into the 
occluded and nonoccluded coronary arteries. These 
methods, however, were limited by penetration of the 
dye from the normal zone into the infarcted region* and 
the need for artificial pressure required for filling of 
coronary arteries with a given material.*!7 More im- 
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FIGURE 4. Relation between hypoperfused zone (HZ) expressed as a 
percent of the left ventricle (% LV) and infarct size reduction, i.e., 
myocardial salvage in the treated group. A close inverse correlation 
was found (r = —0.74), indicating that myocardial salvage is a contin- 
uous function of the initial risk area. 
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portant, postmortem techniques may not accurately 
delineate the hypoperfused areas present in vivo at the 
moment of coronary occlusion. 

The area at risk can also be determined in vivo by 
contrast echocardiography!? or injection of dye!* or 
radioactive material into the left atrium?!? after coro- 
nary occlusion. The last technique, using postmortem 
autoradiography, allows for precise measurement of the 
hypoperfused zone present at the time of injection of 
the radioactive material. In our study, injection of 
technetium-99m-labeled albumin microspheres into the 
left atrium was performed after coronary occlusion 
before any intervention was started. Thus, this experi- 
mental technique allowed not only for in vivo determi- 
nation of the hypoperfused zone, but also the potential 
effect of pharmacologic interventions on the measured 
area of hypoperfusion was avoided.!” 

Limitations of the study: The present study has 
several limitations. All dogs underwent occlusion of the 
proximal left anterior descending coronary artery; 
therefore, a smaller number of dogs had hypoperfused 
zones of less than 15% of the left ventricle. However, this 
emphasizes the importance of the risk area determina- 
tion even with proximal coronary artery occlusions, as 
collateral-dependent hypoperfused zone may vary 
substantially. Furthermore, the investigation of in- 
terventions aimed at reducing infarct size are best 
studied when the initial risk area is accurately 
determined. The comparison of the treated groups 
with hypoperfused zones less than and greater than 
15% of the left ventricle is arbitrary, but further analy- 
sis showed that infarct size reduction is a continuous 
function of the initial hypoperfused zone (Fig. 4). 
Therefore, the effectiveness of the treatment was in- 
versely related to the initial areas at risk. 

Clinical implications: Few data exist concerning the 
relation between risk area and infarct size in patients. 
Lee et al?° showed a close linear correlation between the 
size of the vascular bed at risk and the infarcted zone in 
an autopsy study limited to fatal infarcts. In patients 
with multivessel coronary artery disease and collateral 
circulation supplied by a jeopardized coronary artery, 
acute coronary artery occlusion may lead to ischemia 
in the collateral-dependent zone. This phenomenon 
could be responsible for “ischemia at distance"?! and 
is associated with a high risk of mortality.?? This un- 
derscores the prognostic importance of the concept of 
area at risk. Although interpolation of our experimental 
findings to patients with acute myocardial infarction 
is difficult, preliminary data suggest that patients with 
a small risk area may benefit more from pharmacologic 
interventions aimed at salvaging ischemic myocardium. 
Gold et al?? showed that intravenous propranolol ad- 
ministration resulted in striking reduction of ST-seg- 
ment elevation in patients with acute myocardial in- 
farction only if residual flow to the infarcted zone was 
preserved, i.e., the risk area was relatively small. 
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In conclusion, the size of the hypoperfused zone i.e., 
risk area, is an important determinant of the magnitude 
of myocardial salvage when different pharmacologic 
interventions are used in the setting of coronary artery 
occlusion in dogs. We postulate that the striking infarct 
size reduction in dogs with a small hypoperfused zone 
was related to the presence of collateral circulation, 
which afforded better penetration of the agents into the 
ischemic zone. 
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Usefulness of Defibrotide in Protecting Ischemic 
Myocardium from Early Reperfusion Damage 


CHRISTOPH THIEMERMANN, BSc, PETRA LOBEL, BSc, and KARSTEN SCHROR, MD 


Defibrotide, a partially depolymerized polydeoxy- 
ribonucleotide obtained from mammalian lungs, was 
found to stimulate prostacyclin (PGl;) production 
and to possess significant antithrombotic and fibri- 
nolytic activities. The present study was designed 
to evaluate the actions of defibrotide on feline 
myocardial ischemia, produced by 3 hours of 
occlusion of the left anterior descending coronary 
artery (LAD) and followed by 2 hours of reperfusion. 
Intravenous administration of defibrotide (32 mg/ 
kg/hour subsequent to a 32 mg/kg bolus injection), 
beginning 30 minutes after LAD occlusion, resulted 
in a 6076 reduction in loss of CK specific activity 
from ischemic myocardium at 5 hours, while the 
nonischemic myocardium remained unaffected. 
Defibrotide largely antagonized the increase in ST 
segment during LAD occlusion and prevented the 


appearance of a Q wave during early reperfusion, 
which was found in all vehicle-treated cats. Although 
2 of 8 vehicle-treated cats died from ventricular fi- 
brillation and another had severe ventricular 
tachyarrhythmia, none of the defibrotide-treated 
cats had similar severe changes in the electrocar- 
diogram and all 7 cats survived the 5-hour obser- 
vation period. Defibrotide had no direct action on 
general hemodynamic functions. In a separate set 
of experiments, defibrotide (0.1 mg/ml) produced 
an 8- to 10-fold stimulation of PGI, release. The data 
suggest a remarkable protective potential of defi- 
brotide on reperfusion damage of the ischemic 
myocardium, which may be associated with a 
PGl;-related mechanism. 


(Am J Cardiol 1985;56:978-982) 
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Myocardial damage often results from acute thrombotic 
occlusion of a large coronary artery. Thus, surgical re- 
opening of the occluded vessel and pharmacologic 
thrombolysis with streptokinase or urokinase! are the 
most direct approaches to supply the jeopardized 
myocardium with oxygen and other nutrients, necessary 
for cell survival. However, there is always an interval 
after the acute event before attempts to reopen the oc- 
cluded vessel can be started. During this period a sig- 
nificant degree of tissue injury may have already de- 
veloped.? This will eventually lead to the “reperfusion 
damage"? caused by cellular Ca** overload^ and in- 
creased free radical formation? after restitution of blood 
supply. Thus, successful thrombolysis may initially 
further aggravate myocardial tissue injury.® 

Noxious stimuli to the cell surface also increase the 
local fatty acid release. Fatty acid peroxides can spe- 
cifically inhibit prostacyclin (PGI;) generation (i.e., 
formation of a tissue-protective factor) at a time when 
formation of other eicosanoids including thromboxanes 
are probably increased. PGI,’ and a PGI, mimetic’ were 
found to protect the ventricular myocardium of the cat 
from both ischemic injury and reperfusion damage.? An 
alternative approach is to stimulate the endogenous 
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PGI, production. Defibrotide is a polydeoxyribonu- 
cleotide obtained by controlled depolymerization of 
DNA from mammalian lungs. The molecular weight of 
single strands is about 20,000 daltons.* Defibrotide 
has significant antithrombotic-,!° profibrinolytic-!! 
and plasminogen-activating properties.!? This profile 
of actions made the compound interesting as a new 
therapeutic approach to improve preservation of isch- 
emic myocardium. 

This study was designed to evaluate the actions of 
defibrotide on functional and biochemical variables of 
myocardial tissue damage in an in vivo model of ische- 
mia plus reperfusion. Additionally, the influence of 
defibrotide on cardiac PGI, and thromboxane forma- 
tion was investigated in the isolated guinea pig heart. 


Methods 


Surgical techniques: Adult cats of either sex (body weight 
2.5 to 4.0 kg) were anesthetized with 30 mg/kg of pentobarbital 
sodium intravenously. All cats underwent tracheotomy, and 
positive pressure ventilation was instituted by means of a 
small animal respirator (Schuler). After thoracotomy, the left 
anterior descending artery (LAD) was prepared and occluded 
at time 0. This occlusion was maintained for 3 hours and then 
followed by 2 hours of reperfusion, initiated by removal of the 
ligature. All cats were killed at 5 hours. 

Physiologic measurements: A catheter was placed in the 
right femoral vein for infusion of the substances; another was 


' British patent No. 1,367,655 (1975) and U.S. patent Nos. 
3,770,720 (1973); 3,829,567 (1974); and 3,899,481 (1975). 
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placed in the right atrium through the right jugular vein for 
blood sampling. A third catheter, placed in the left femoral 
artery, was connected with a Statham P23Db pressure 
transducer to determine mean arterial blood pressure. Heart 
rate was determined from the systolic pressure curves by a 
Hellige Recomed measuring unit (Hellige). Changes in the 
electrical activity of the myocardium were detected by a 
standard lead electrocardiogram (ECG).5 

Platelet aggregation studies: The platelet count was 
determined in right atrial blood by using interference phase 
contrast microscopy (see Ref. 8 for details). 

Platelet ATP secretion: Platelet ATP secretion was 
measured in whole blood using a Lumi-aggregometer (Chro- 
nolog). One milliliter of right atrial blood was taken in citrate 
(1:10/v:v) and 1 minute later stimulated ex vivo at 37°C by the 
addition of 2 ug/ml of collagen (Hormon-Chemie). The sam- 
ples were stirred at 1,200 rpm. A'TP secretion was measured 
by the luminescence technique following recommendations 
of the producer. Synthetic ATP (Sigma) was used as the 
standard. 

Myocardial biochemical measurements: At the end of 
the 5-hour experimental period, the hearts were excised and 
immediately placed into cold physiologic saline solution. The 
left ventricular wall of the heart was divided into normal and 
ischemic myocardium by visual inspection of the myocardial 
surface. Samples that weighed about 400 mg from the center 
of the ischemic region and of the nonischemic left ventricular 
tissue were excised. These tissue samples were homogenized 
and used for determination of CK-specific activity as previ- 
ously described.^!? 'The assay kit was purchased from 
Boehringer. 

Evaluation: LAD occlusion was performed at time 0. At 30 
minutes, an intravenous bolus injection of 32 mg/kg of defi- 
brotide (Crinos Pharmaceuticals) was performed. The sub- 
stance was continuously infused in a dose of 32 mg/kg/hour 
for the remainder of the experiment. Cats that did not receive 
defibrotide were treated with physiologic saline solution 
(vehicle) at the same infusion rate (0.9 ml/hour). At 3 hours, 
the LAD occlusion was removed to allow a subsequent 2-hour 
reperfusion period until the end of the experiment at 5 hours. 
Blood samples for platelet studies were taken at 0, 1%, 1, 3 and 
5 hours. At the same time, platelet ATP secretion was deter- 
mined ex vivo. Mean arterial blood pressure, heart rate and 
ECG were continuously recorded. Detailed analysis, however, 
was only performed at the times mentioned. 

Four groups of cats were studied: cats with occluded LAD 
treated with vehicle (n = 9) or defibrotide (n = 7), and 
sham-operated cats subjected to all of the same operative 
procedures except closure of the LAD and treated with vehicle 
(n = 5) or defibrotide (n = 2). Because the 2 sham-operated, 
defibrotide-treated cats did not differ from the vehicle-treated 
controls, these data were pooled. 

Prostacyclin formation by the heart: The action of de- 
fibrotide on PGI, biosynthesis was investigated in a separate 
set of experiments, using a platelet-perfused in vitro heart 
model.!* Briefly, washed human platelets (4 X 108/min) were 
continuously infused through a Langendorff-perfused guinea 
pig heart. The release of PGI, into the coronary effluent was 
measured by radioimmunoassay in terms of the chemically 
stable degradation product 6-keto-PGF,,. The cross-reac- 
tivity of the antibody amounted to less than 0.1% with the 
agents used in this study: PGF,,, 15-keto-PGF,,, 15-keto- 
13,14-dihydro-PGF,,; 0.2% with PGD», 0.4% with PGEs, 
2.5% with 6,15-diketo-PGF,, and 3% with 6,15-diketo-13,14- 
dihydro PGF,,. Measurements were performed before and 
in 10-minute intervals during platelet administration. Defi- 
brotide (0.1 mg/ml) and urokinase (Ukidan®) (10 IU/ml) 
were continuously infused for 90 minutes. In some experi- 


ee 7 ur nz aha na. 


ments indomethacin (3 ug/ml) (Merck, Sharp & Dohme) was 
used to block cyclooxygenase activity. 

Statistical analysis: The mean + standard error of the 
mean of the number of observations are used in the text. 
Statistical comparisons were made with the Student 2-tailed 
t test. A p value <0.05 was considered significant. 


Results 


Defibrotide effects on general hemodynamics: 
Initially, the mean arterial blood pressure was not dif- 
ferent in the several groups of cats studied; it ranged 
from 120 to 140 mm Hg. In the cats subjected to LAD 
occlusion plus reperfusion and treated with vehicle, the 
arterial blood pressure decreased from 140 + 4mm Hg 
at time 0 to 133 + 4mm Hg at 5 hours. Cats treated with 
defibrotide had an initial blood pressure of 135 + 5 mm 
Hg and 115 + 6 mm Hg at 5 hours. These values at 5 
hours were not different from each other (p >0.05). 

The average heart rate initially ranged from 170 to 
195 beats/min in the cats subjected to LAD occlusion 
and was reduced by about 15% of this control level in the 
course of the experiment. These differences between 
vehicle- and defibrotide-treated cats were not signifi- 
cant (p 270.05). 

Defibrotide effects on platelet aggregate for- 
mation: Initially, the free platelet number in right atrial 
blood ranged from 400,000 to 550,000 platelets/yl 
(100%) and was uniformly decreased by 20 to 25% in all 
groups of cats during the operative procedures. After 
LAD occlusion, there was a further 2096 decrease in free 
platelet count, which then remained unchanged in ve- 
hicle-treated cats. Even after institution of reperfusion 
at 3 hours, there was no restitution of the original 
platelet number, i.e., no resolution of platelet aggre- 
gates. There was no change in sham-operated cats nor 
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FIGURE 1. Changes in the free platelet count in cats subjected to 3 
hours of occlusion of the left anterior descending coronary artery 
(LAD) (stippled bar) followed by 2 hours of reperfusion (open bar). 
The cats were treated with vehicle (squares) or defibrotide (32 
mg/kg/hour) (circles) and subjected to LAD occlusion (filled symbols) 
or sham operation (open symbols). Each point represents the mean + 
standard error of the mean of 7 to 8 experiments. In comparison with 
cats with occluded LAD treated with vehicle, there was a significant 
elevation of the free platelet count in defibrotide-treated cats at 2 to 5 
hours (h). 
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TABLE! ATP Secretion in Whole Blood Ex Vivo of Cats Subjected to Left Anterior Descending Coronary Artery Occlusion 


(LAD) + Reperfusion and Treated with Vehicle or Defibrotide 
ar a a mim 


Group No. ATP Release (% of Control = Time 0) 
Time after LAD occlusion (hour) 0 30 minutes 1, 3 5 
Vehicle 7 100% 88 + 15 6707 75 3: 24 80 + 23 
Defibrotide 6 . 10096 86+ 14 36 + 10 29 6 23 45 


Values are mean + standard error of the number of observations. Compared with the group treated with vehicle, the ATP secretion in the defi- 


brotide-treated group was significantly reduced at 1.5, 3 and 5 hours (p <0.05). 


any direct action of defibrotide on platelet number in 
these cats (not given). However, cats with LAD ligation 
treated with defibrotide had a significant increase in 
the free circulating platelet count (p «0.05 at 2 to 5 
hours compared with values after vehicle treatment) 
(Fig. 1). 

Defibrotide effects on platelet ATP secretion: 
Cats with occluded LAD treated with vehicle showed 
slightly reduced ATP secretion during the course of the 
experiment (p 20.05). This ATP release was highly 
variable and not different from that of sham-operated 
controls at any time of the experiment. However, cats 
subjected to LAD occlusion and treated with defibrotide 
had a considerable reduction in ATP release which 
was significant at 1.5, 3 and 5 hours (Table I). 

Defibrotide effects on ST-segment elevation: 
LAD occlusion was associated with rapidly developing 
ST-segment elevation, which was greatest at 3 hours 
(Fig. 2). Removal of the occlusion at this time resulted 
in a rapid decrease, although a significant ST-segment 
elevation greater than that in sham-operated controls 
was still observed (p «0.05 from 20 minutes to 5 hours). 
The cats with LAD occlusion treated with defibrotide 
had a significant increase in ST segment at 20 minutes, 
i.e., before starting drug administration. After starting 
infusion, there was no further increase in the ST seg- 
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FIGURE 2. ST-segment elevation in cats subjected to 3 hours of 
occlusion of the left anterior descending coronary artery (LAD) fol- 
lowed by 2 hours of reperfusion. In comparison with cats with occlud- 
ed LAD treated with vehicle (filled squares), there was a sianificant 
reduction of ST-segment elevation in defibrotide-treated cats with 
LAD occlusion (filled circles) at 1 to 5 hours (h). 


ment; in fact, there was a reduction, almost similar to 
the values in sham-operated, vehicle-treated cats. The 
differences between the cats with LAD occlusion treated 
with vehicle and the defibrotide group were significant 
at 1 to 3 hours (p <0.05). At 4 and 5 hours, during re- 
perfusion, there was no significant difference between 
cats with LAD occlusion that received defibrotide and 
sham-operated controls. 

Defibrotide effects on R-wave loss: Within a few 
minutes of reperfusion, there was a decrease in R-wave 
amplitude and appearance of a Q wave, suggestive of 
ventricular necrosis. Two of 8 vehicle-treated cats died 
from ventricular fibrillation within 20 minutes of re- 
perfusion; another had ventricular tachycardia and 
frequent ventricular extrasystoles that did not lead to 
lethal fibrillation. No such changes were observed in 
defibrotide-treated cats. 

Defibrotide effects on myocardial CK activity: 
Ischemic myocardium subjected to reperfusion exhib- 
ited more than 80% loss of CK specific activity. No such 
changes were observed in the nonischemic area of the 
left ventricle of the same hearts. As summarized in 
Figure 3, the CK-specific activity in the ischemic area 
of defibrotide-treated cats (p <0.01) was as much as 3- 
fold higher than in vehicle-treated cats, although still 
significantly lower than in the nonischemic area of the 
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FIGURE 3. Creatine kinase specific activity in ischemic (MI) and non- 
ischemic (NMI) areas of left ventricular myocardium of cats subjected 
to 3 hours of occlusion of the left anterior descending artery followed 
by 2 hours of reperfusion. The cats were treated with vehicle (hatched 
columns) or defibrotide (black columns). Open columns depict 
sham-operated, vehicle-treated controls. Numbers indicate the number 
of cats studied. 
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same hearts (p «0.05). This result might not be ex- 
plained by any specific action of defibrotide on the 
enzyme itself as seen in 2 additional, sham-operated 
cats treated with the agent. The CK-specific activity 
was 78 and 80 IU/mg of protein, respectively, and not 
different from the vehicle-treated, sham-operated 
controls. 

Defibrotide effects on prostacyclin biosynthesis: 
Infusion of platelets through an isolated heart was not 
associated with any changes in basal PGI» release. 
However, if defibrotide was added to the system, the 
PGIs; release was considerably enhanced. This effect was 
blocked by indomethacin pretreatment and was not 
seen when urokinase instead of defibrotide was used 
(Fig. 4). Details of the complex platelet studies require 
particular comments and will be reported separately. 
For the present study, the capacity of the agent to 
stimulate cardiovascular PGI» release should be dem- 
onstrated. Two additional findings are particularly 
noteworthy: defibrotide did not stimulate PGI, in ab- 
sence of platelets and also did not specifically alter 
thromboxane release. Thus, defibrotide appears to be 
a selective stimulator for PGI»s. 


Discussion 


Myocardial protection by defibrotide: Earlier 
studies in the ischemia + reperfusion model of the cat 
have shown that CK loss from the ischemic area of left 
ventricular myocardium is 2- to 3-fold greater after 3 
hours of LAD occlusion + 2 hours of reperfusion than 
after 5 hours of permanent LAD ligation.? This enzyme 
loss was found to be inversely proportional to the extent 
and severity of myocardial cell damage.!^ Defibrotide 
inhibited the CK loss from ischemic myocardium. This 
is highly suggestive of improved preservation of tissue 
integrity by the compound. This finding is corroborated 
by the inhibition of Q-wave development in the ECG, 
a widely accepted sign for irreversible cell injury as well 
as the prevention of fatal arrhythmias. 

Recent investigations by Niada et al!6 demonstrated 
protective actions of defibrotide on ischemic cat myo- 
cardium subjected to 5 hours of permanent LAD oc- 
clusion. In these experiments, administration of defi- 
brotide was begun 3'/ hours before LAD occlusion; in 
our experiments, infusion was begun at only 30 minutes 
after LAD occlusion, i.e., at a time when significant al- 
terations in myocardial function were already detect- 
able, such as a considerable increase in the ST segment. 
Thus, our findings not only demonstrate the efficacy of 
defibrotide in preventing reperfusion damage but also 
show that the compound may be valuable for a real 
therapeutic approach (i.e., successful use after a period 
of ischemia had occurred). 

Defibrotide actions on hemostasis: Reperfusion 
allows exaggerated platelet entry (10- to 30-fold) into 
the jeopardized region of left ventricular myocar- 
dium.!"!8 This may explain the sustained depression 
of free platelet count during reperfusion. Defibrotide 
did redissolve preformed platelet aggregates in vivo and 
inhibited platelet ATP secretion, although the com- 
pound does not possess antiplatelet properties in vitro. 
Stimulation of vascular PGI» by defibrotide could ex- 
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plain these apparent discrepancies, because similar 
antiplatelet effects have been found in this model with 
administration of PGI mimetics.? Certainly, defibro- 
tide may additionally improve the blood supply to the 
border zone of the developing infarct by its fibrinolytic 
activity.10-12 

Prostacyclin stimulation with defibrotide: Myo- 
cardial ischemia is associated with a large increase in 
tissue free fatty acids?! and enhanced formation of 
thromboxane A».?? Reperfusion will increase free fatty 
acid washout and may initiate the formation of free 
radicals as toxic by products of an abnormal oxidative 
metabolism.? Lipid peroxidation products will inhibit 
PGI, biosynthesis. Thus, reduced formation of PGI» 
could contribute to the reperfusion injury of ischemic 
myocardium, whereas supply with PGI» will afford 
protection.?! However, drug-induced stimulation of 
PGI, in vivo is difficult to assess because of its insta- 
bility and rapid enzymatic metabolism.?? Also, the use 
of cyclooxygenase-blocking agents to demask any en- 
hanced PGI formation in vivo may be inappropriate 
because of known but unidentified reasons for their 
failure?’ or effectiveness?4 in beneficially influencing 
the tissue damage in myocardial ischemia in the cat. We 
therefore, have decided to measure the influence of 
defibrotide on PGI, formation in a separate experi- 
mental design that allows determination of this com- 
pound in terms of a stable degradation product in the 
absence of significant enzymatic transformations.!* 
These studies have shown long-lasting PGI», stimulation 
by defibrotide in the presence of platelets exceeding the 
basal PGI» release 8- to 10-fold. We were not able to 
demonstrate a similar effect with urokinase at an 
equieffective fibrinolytic concentration. Thus, although 
fibrinolytic- and plasminogen-activating actions of 
defibrotide are similar to that seen after streptokinase 
or urokinase,!6 the former additionally stimulates cor- 
onary vascular PGI», whereas urokinase does not. 
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FIGURE 4. Release of prostacyclin in the platelet-perfused guinea pig 
heart during continuous (CON) infusion of defibrotide (n = 6) (0.1 mg/ 
ml) but not by vehicle (n = 8) treatment. Urokinase (10 IU/ml) (n = 3) 
failed to stimulate prostacyclin. 
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* In conclusion, defibrotide exerts an impressive pro- 
tection of ischemic myocardial injury after reperfusion. 
All of the responses are close to those obtained with 
PGlI» in similar experimental set-ups and may have this 
endogenous product as a common denominator. In 
agreement with this, a selective stimulation of coronary 
vascular PGI, by defibrotide has been demonstrated. 
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The Healing Process in Normal Canine Arteries 
and in Atherosclerotic Monkey Arteries After 
Transluminal Laser Irradiation 


GEORGE S. ABELA, MD, FILIPPO CREA, MD, JAMES M. SEEGER, MD, 
DAISY FRANZINI, MD, ALBERT FENECH, MD, SIGURD J. NORMANN, MD, 
ROBERT L. FELDMAN, MD, CARL J. PEPINE, MD, and C. RICHARD CONTI, MD 





To evaluate the healing response of both normal and 
atherosclerotic arteries to laser radiation, 7 mongrel 
dogs and 4 hypercholesterolemic atherosclerotic 
monkeys underwent catheterization with a right 
Judkins catheter-optical fiber system designed to 
maximize arterial wall injury. Argon laser radiation 
was then delivered to the abdominal aorta and ilio- 
femoral arteries. In the 11 animals, a total of 917 
sites were irradiated in 33 arteries. Angiography did 
not reveal dissection or aneurysm formation; oc- 
clusive thrombosis was found in 2 arteries. Perfo- 
ration of the arterial wall was a frequent complica- 
tion. In animals killed between 1 hour and 4 days, 
light and electron microscopy of lased sites showed 


craters filled with a coagulum of blood and cellular 


debris with only a few adherent platelets. Healing 


occurred with a minimal inflammatory response and 
involved both fibroblasts and smooth muscle cells. 
Reendothelialization was seen in all animals killed 
between 7 and 14 days after lasing and was com- 
plete by 30 to 60 days. Within this period, no ac- 
celerated atherosclerosis was seen at lased sites 
in the hypercholesterolemic monkeys. It is con- 
cluded that transluminal lasing of normal arteries in 
dogs and in atherosclerotic arteries of monkeys is. 
followed by healing and reendothelialization within 
a few weeks. | 
(Am J Cardiol 1985;56:983-988) 





Lasers can recanalize occluded arteries.!-? During laser 
recanalization, however, areas of both normal and 
atherosclerotic arterial wall adjacent to the occluded 
segment may be inadvertently exposed to radiation. 
Therefore, before clinical application of this technique 
for recanalization, the irradiated arterial wall must heal 
without occlusive thrombus or aneurysm formation.® 
Also, one must know whether lasing in the presence 
of hypercholesterolemia accelerates atherosclerosis, 
similar to the response to other types of vascular 
trauma.7-! 
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This study was designed to investigate the immediate 


COS 


and short-term healing responses after laser irradiation _ 


of the arterial wall in normal and hypercholesterolemic 
atherosclerotic animals. With this technique, maximal 
laser trauma to the arterial wall is expected to occur. 
'This type of trauma may occur during the course of 
laser recanalization. Energies known to vaporize ath- 
erosclerotic plaques were delivered through the opti- 
cal fiber using a transluminal approach.!° The trans- 
luminal approach was used to avoid an arteriotomy at 
the lased site, which itself could influence the results.!?.? 


Methods 


Delivery of laser radiation: A continuous-wave argon 
laser (model 552, Laser Ionics) or Endocoagulator ML8, with 
energy peaks at wavelengths of 488 and 514 nm was used. 
Radiation was delivered through a 150-cm-long, 300-um core 
silica optical fiber polished smooth at both ends. One end was 
aligned with the focused beam as it exited the laser, while the 
free end was used for lasing. Because of power attenuation 
along the fiber, radiation power was measured at the fiber tip 
with an external power meter. Because the fiber is not radi- 
opaque, a metal marker was fixed at the tip allowing fluo- 
roscopic visualization. 

Protocol: Mongrel dogs: Eight mongrel dogs (19 to 22 kg) 
were anesthetized with an equal mixture of pentobarbital and 
fentanyl, intubated and allowed to ventilate spontaneously 


on a mixture of room air and halothane. A single dose of : 
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TABLE | 


Summary of Angiographic and Postmortem Findings in Dogs and Monkeys 





Lased Sites Before Lasing After Lasing Before Death Postmortem 
(n) Angiography Angiography Time to Angiography Examination 
Dog Ao LIF RE Ao CF RF Ao UF # RE Death Ao LIF RIF Ao LIF RIF 
rM ee ES EE ee i ee Sr eee ae E PF 8 
Dogs 

1 0 0 0 N N N N N N 1 Hour N N N N N N 

2 26 21 21 N N N N N P 1 Hour N N N PH PH PH 

3 28 26 20 N N N N N N 2 Days N N N PH PH PH 

4 18 27 27 N N N N N N 4 Days N N N PH PH PH 

5 29 29 27 N N N P N N 7 Days N N N PH PH PH 

6 25 28 26 N N N N N N 14 Days N N N PH PH PH 

7 30 25 36 N N N N N P 30 Days N N N N N N 

8 30 26 19 N N N N N N 60 Days N N N N N N 
pe Se Sete ae nc a EET OR Fu BE nn RIO NR, oA IA a SS RR side sh AS LES a REN ld EF cs) CE o RI n i ERO 

Monkeys 

| COLUERUNT NL PNEU MEAT Ne PIT T RS nae OREN IV, eu tin OS Ore. 109-5 e dE REB Rite Cont ia. 

1 39 18 18 N N N N N P 7 Days N N N PH N PH, T 

2 42 34 17 N N P N N N 14 Days N N ic? N N re 

3 34 31 28 N N N N N P 30 Days N N N N N N 

4 43 32 37 N N N P N N 60 Days N T N N X N 


* Thrombosis occurred in the segment perforated during fiber manipulation. 
Ao = Aorta; LIF = left iliofemoral artery; N = normal; P = arterial perforation; PH = perivascular hematoma; RIF = right iliofemoral artery; 


T = thrombosis. 


heparin (1,000 IU) was administered intravenously before 
catheterization. No antiplatelet agents were used. A No. 8Fr 
right Judkins catheter (Cordis Corp.) was introduced through 
a right carotid cutdown and advanced to the abdominal aorta. 
A hemostasis valve and special seal port allowed for simulta- 
neous contrast injection and placement of the optical fiber. 
Cineangiograms of the distal aorta and both iliofemoral ar- 
teries were recorded. The radiopaque tip of the fiber was ad- 
vanced 1 to 2 mm beyond the catheter. Because of the shape 
of the catheter, the fiber tip exited at an acute angle and 
abutted on the arterial wall. This ensured maximal delivery 
of energy to the arterial wall. In 7 dogs, multiple 1-second 
lasings were done starting from the distal end of the iliofem- 
oral arteries. After each lasing, the catheter and the optical 
fiber were withdrawn 0.5 to 1 cm and lasing was repeated. A 
power of 1.5 W was used in the left iliofemoral artery, 2 W in 
the right iliofemoral artery and 2.5 W in the distal aorta. From 
these parameters energy flux was calculated to be 2,100 J/cm?, 
2,800 J/cm? and 3,500 J/cm?, respectively. These parameters 
were selected because they were the minimum required to 
vaporize atherosclerotic plaque by direct fiber tissue contact.! 
One dog in which no lasing was performed served as a control 
‘or catheter and fiber trauma. Repeat cineangiography was 
;btained in each dog within 30 minutes of the last lasing. The 
control dog and 1 lased dog underwent repeat angiography and 
were killed after 1 hour. The other 6 dogs were allowed to re- 
cover, underwent repeat angiography and were killed at 2, 4, 
7, 14, 30 and 60 days. 

Atherosclerotic monkeys: Four male 3-year-old rhesus 
nonkeys (Macaca mulatta) (6 to 8 kg) were fed an atherogenic 
liet since weaning (Bio Serve 1206). Anesthesia, catheter- 
zation and angiography were performed as previously de- 
icribed, except that a No. 5Fr thin-walled right Judkins 
'atheter (Cordis Corp.) was used. All monkeys were allowed 
o recover. Angiography was repeated and the monkeys were 
tilled at 7, 14, 40 and 60 days. Monkeys continued to receive 
he atherogenic diet after lasing until they were killed. The 
iverage serum cholesterol level before death was 392 mg/dl. 

Gross inspection and histology: Immediately after death, 
he distal aorta and both iliofemoral arteries were removed, 
ipened longitudinally and inspected. Tissues were fixed either 
n 10% neutral buffered formalin for light microscopy or in 
5% gluteraldehyde in 0.2 M cacodylate buffer for scanning 
ind transmission electron microscopy (SEM and TEM). 
'ormalin-fixed tissues were dehydrated promptly through 
raded alcohols and embedded in paraffin blocks. From each 


artery, samples from lased areas were cut serially at a thick- 
ness of 5 um and stained with hematoxylin-eosin or Verhoeff's 
elastic stain. Gluteraldehyde-fixed, 5-mm-long arterial seg- 
ments containing a lased area were subjected to critical point 
drying in liquid CO2, mounted on stubs and gold coated in a 
sputter coater for SEM. The intimal surface was examined 
with a JEOL 35 C electron microscope. The remaining samples 
were used for TEM. Lased areas were cut into 2-mm pieces, 
embedded in Spurr resin and thin-sectioned with a diamond 
knife. Sections were stained with uranyl acetate and lead ci- 
trate and viewed in a Phillips 300 electron microscope. 

The incidence of angiographic evidence for arterial perfo- 
ration in the left and right iliofemoral arteries was compared 
using Fisher's exact test. A p value «0.05 was considered 
significant. 


Results 


Lasing (Table I): Mongrel dogs: A total of 544 areas 
were irradiated in 21 arteries: left iliofemoral artery, 182; 
right iliofemoral artery, 176; and aorta, 186. No dog died 
after lasing. 

Atherosclerotic monkeys: A total of 373 sites were 
irradiated in 12 arteries: left iliofemoral artery, 115; 
right iliofemoral artery, 100; and aorta, 158. No monkey 
died after lasing. 

Angiographic findings (Table I): Mongrel dogs: 
Immediately after lasing, angiography showed peri- 
vascular contrast extravasation suggestive of arterial 
perforation in 3 of 7 dogs, once in the aorta and twice in 
the right iliofemoral artery. Thirty minutes later and 
before death no contrast extravasation was seen. Al- 
though no perforations were seen in left iliofemoral 
arteries, the incidence of perforation using 1.5 and 2 W 
in the left (0 of 7) and right (2 of 7) iliofemoral arteries, 
respectively, was not significantly different. Angiogra- 
phy never showed arterial spasm, dissection, aneurys- 
mal dilatation or occlusion. In the control dog, no effect 
of fiber-catheter manipulation was seen. 

Atherosclerotic monkeys: In contrast to dogs, cath- 
eter-induced spasm of the iliofemoral arteries was a 
frequent occurrence in monkeys before and after lasing. 
In monkey 2, fiber-catheter manipulation in the right 
iliofemoral artery caused severe spasm, resulting in 


FIGURE 1. Left, angiogram of the right iliofemoral 
artery in a monkey before laser exposure. A right 
Judkins catheter was used to lase the arterial wall at 
an acute angle. Metal marker at fiber tip is pointed to 
the arterial wall (arrow). Middle, angiogram of the 
same artery immediately after lasing (2 W for 1 sec- 
ond). Extravasation of contrast material is seen. Right, 

J. angiogram 30 minutes after lasing showing patency 
of the vascular lumen with no further extravasation 
of contrast.The vessel walls are smooth. 


perforation before lasing. All 4 monkeys underwent 
lasing, and angiography performed immediately after 
lasing showed perforation in 3 of 12 arteries (1 aorta and 
2 right iliofemoral arteries). No angiographic evidence 
of perforation was seen on repeat angiograms recorded 
after 30 minutes (Fig. 1). Comparison of perforations 
while lasing with 1.5 and 2 W in the left (0 of 4) and 
right (2 of 4) iliofemoral arteries, respectively, was not 
significantly different. Angiography immediately af- 
ter lasing never showed arterial dissection, aneurys- 
mal dilatation or occlusion. 








FIGURE 2. Top, gross appearance of a distal abdominal aorta from a 
dog at 1 week after lasing (2.5 W for 1 second). Numerous craters are 
present (arrows). There is no thrombus present. Bottom, gross ap- 
pearance of a distal abdominal aorta from a dog 1 month after lasing 
(2.5 W for 1 second). The number of identifiable craters (arrows) is 
less than at 1 week. Those that are seen have a smooth, flat, white 
surface. 
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Angiography before 2 monkeys were killed at 14 and i 
60 days after lasing showed occlusive thrombus in 2 - 
arteries at previously lased sites. In monkey 2, throm- - 
bosis was present in the right iliofemoral artery at the 
site of fiber-catheter perforation, which occurred before 
lasing. In monkey 4 thrombus occluded the distal end | 
of the left femoral artery. 

Gross inspection (Table I): Mongrel dogs: In ld 
dogs killed within 2 weeks, hematomas were present — i 
around both the aorta and iliofemoral arteries. In all - 
lased dogs, raised, 1- to 2-mm reddish spots were pre- - 
sent on the adventitial aspect of the arteries and corre- - 
sponded to small craters on the intimal surface. The. 
number of identifiable craters decreased and their 
depth diminished as the intervals between lasing and 
death increased (Fig. 2 and 3). The surface of older - 
lesions were flat and had a glistening whitish appear- 
ance. These spots were not seen in the control dog. 

Atherosclerotic monkeys: Perivascular hematomas ~ 
surrounded the aorta and right iliofemoral artery in the 
monkey killed 7 days after lasing, but none were seen - 
in those killed later. In all monkeys 1- to 2-mm reddish - 
spots were present on the adventitial aspect of the ar- - 
teries also corresponding with small intimal craters. — 
Atherosclerosis was evenly distributed over the intim x 
surface. Similar to the dog arteries, fewer arterial craters 
could be identified as the interval after laser exposu 
increased (Fig. 3). Older lesions were flat and whitish 
in appearance. In monkeys 2 and 4, thrombus was se 
in the 2 arteries that were angiographically occluded. 3 
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FIGURE 4. Scanning electron micrograph of the right iliofemoral artery 
from a dog killed 1 hour after lasing (2 W for 1 second). The crater site 
nas sharply demarcated edges and is filled with coagulum of blood and 
cellular debris. Few platelets are seen. Magnification X90, reduced by 
3096. Bar = 100 um. 


In monkey 1, a small thrombus was found in the distal 
right femoral artery at the site of lasing. This was not 
apparent on angiography. 

Histology: Mongrel dogs: One hour after lasing, low- 
magnification SEM of the intimal surface revealed the 
laser impact area as a crater covered with a layer of 
coagulated elements with only a few adherent platelets 
(Fig. 4). Around the crater were occasional crenated red 
blood cells. Light microscopy showed that perforation 
of the arterial wall was sealed by thrombus. All craters 
were filled with a coagulum of blood and cellular debris 
that did not extend beyond the vascular lumen. On 
TEM, the coagulated edges of the crater were smooth 
ind covered by a carbonized layer (Fig. 5). The material 
nside the crater was too denatured to be identified. In 
logs killed at 2 and 4 days after lasing, TEM showed 
2arly healing. Healing was remarkable in that it evoked 
no polymorphonuclear leukocyte and only a weak mono- 
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FIGURE 5. Transmission electron micrograph from the same artery as 
in Figure 4 showing the arterial surface 1 hour after lasing (2 W for 1 
second). The surface is covered by a smooth carbonized layer (CL) seen 
here at the bottom of the crater overlying injured smooth muscle cells 
(SMC). Cellular fragments (CF) are seen loosely adherent to the lumen 
side of the arterial surface. Magnification X6,600, reduced by 4596. 


nuclear phagocyte response. By 7 days, the healing 
process was well under way with a low-grade cellular 
infiltrate consisting of smooth muscle cells and undif- 
ferentiated mesenchymal cells, probably fibroblasts. 
These cells were identified by TEM as cells containing 
prominent rough endoplasmic reticulum and absent 
cytoplasmic filaments with peripheral condensations. 
Reendothelialization was apparent at 7 and 14 days with 
elongated and proliferating endothelial cells partially 
covering the edges and surface of the craters. ''here was 
variability in the extent of reendothelialization among 
different craters in the same dog. Most craters were 
completely reendothelialized by 30 days (Fig. 6), and 
after 60 days all lased areas were healed. 
Atherosclerotic monkeys: 'The arterial wall was 
characterized by a concentric intimal thickening mainly 
due to the presence of foam cells. At 7 and 14 days after 
lasing, the morphologic characteristic of the craters was 
similar to that observed in dogs. In monkeys, the mor- 


FIGURE 6. Light micrograph of a lased right iliofemoral artery 
from a dog killed 30 days after lasing (2 W for 1 second). 
Arrows point to lased regions. At the site of laser injury, in- 
timal reendothelialization is complete; the media is hypo- 
cellular and the adventia appears thickened. Hematoxylin- 
eosin X25, reduced by 35%. 


FIGURE 7. Light micrographs of hypercholesterolemic 
monkey aortas killed at 7 days (top) and 30 days (bottom) after 
lasing (2.5 W for 1 second). Zone A is the surrounding non- 
lased plaque; zone B is the plaque bordering the crater; zone 
C is the crater made by lasing. Top, the crater at 7 days is 
clearly visible with charred edges and a lumen filled with a 
coagulum of cellular debris. The bordering zone B is char- 
acterized by thinning of the intima, whereas the surrounding 
zone A shows the intimal thickening typical of this athero- 
sclerotic model. Hematoxylin-eosin X25, reduced by 39%. 
Bottom, the crater at 1 month is reendothelialized and hy- 
pocellular. The reformed arterial intima at the crater site as 
well as at the adjacent zone B is thinner than that in zone A. 
Hematoxylin-eosin X25, reduced by 39%. 


phologic configuration of the area adjacent to the crater 
was of particular interest. In these hypercholesterolemic 
monkeys, the intimal thickening of the atherosclerotic 
plaque was thinned adjacent to the crater (Fig. 7). This 
thinning persisted for at least 60 days and was a result 
of a decreased number of intimal cells. For at least 60 
days, lased areas showed only minimal or no reappear- 
ance of foam cells or cholesterol deposits. At 30 and 60 
days after lasing, the craters showed reendothelializa- 
tion (Fig. 8). 


Discussion 


Laser irradiation of both muscular and elastic arteries 
in normal and atherosclerotic animals lead to the for- 
mation of craters that heal in 30 to 60 days. The healing 
process was remarkable for the following reasons: (1) Few 
platelets were seen near or at the lased site. (2) Injury 
induced by lasing did not evoke a strong inflammatory 
reaction. (3) Healing involved reendothelialization and 
participation of both smooth muscle cells and other 
mesenchymal cells, probably fibroblasts. The absence 
of platelet adhesion is especially encouraging and may 
explain the low incidence of occlusive thrombosis after 
lasing. However, the coagulated debris that filled the 
crater together with the formation of an extravascular 
hematoma appeared adequate to prevent serious leak- 
age from the arterial lumen. The paucity of inflamma- 
tory cells involved in the healing process indicates an 
unusual response to injury that either evokes little 
chemotactic activity or inhibits inflammatory cell ad- 
herence and migration.!4 Although macrophages were 
not particularly prominent, their numbers appeared 
sufficient for debridement and possibly for promoting 
smooth muscle cell and fibroblast participation in repair 
through growth factor production.!? Because fibroblasts 
are not normally a component of adult intima or media, 
it is presumed that they migrated into the crater from 
the adventia. Reendothelialization was observed to 
occur at various rates, but was usually completed by 30 
days. 
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Laser radiation of atherosclerotic arteries in hyper- 
cholesterolemic monkeys did not accelerate athero- 
sclerosis over the period studied. In these monkeys, the 
intima at lased sites and at the bordering areas actually 
appeared thinner than the surrounding nonlased inti- 
ma, suggesting a persistent effect. This response to in- 
jury contrasts with reactions to other types of arterial 
injury such as balloon endothelial stripping, which leads 
to an acceleration of atherosclerosis.7-1! 

These results are encouraging and demonstrate the 
feasibility of lasing by the transluminal approach in the 
presence of blood. Extrapolation of these findings in 
animals to the clinical setting can be made only with 
caution. The pathology of human atherosclerosis is 
different from that in the experimental animal.!$ 
However, the fact that the healing process was similar 
in muscular and elastic arteries of normal dogs and 
atherosclerotic monkeys suggests that responses of 
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FIGURE 8. Scanning electron micrograph of the left iliofemoral artery 


from a monkey killed 60 days after lasing (1.5 W for 1 second). The - 


lased site is reendothelialized and appears as a shallow depression 


(arrows) on the intimal surface of the artery. Magnification X80, reduced 


by 4996. Bar = 100 um. 











different arterial walls to laser injury may be similar in 
other species. 

Despite maximal wall damage, no dissection, occlu- 
sive thrombosis or aneurysm formation was seen in any 
of the normal lased dog arteries. In a previous study we 
found a high incidence of thrombosis after lasing, but 
these studies used surgically exposed arteries, and lasing 
was done in air adjacent to the arteriotomy.!? A tran- 
sluminal catheter approach to lasing avoids local sur- 
zical trauma which can contribute to thrombosis. Oc- 
clusive thrombosis was an infrequent event and was 
oresent in only 2 small branches of the femoral artery. 
3pasm or fiber-catheter trauma could have contributed 
;0 thrombus formation. In atherosclerotic pigs, the 
1ealing process of aortas irradiated with a CO; laser 
adjacent to an arteriotomy was similar to that observed 
n dogs and atherosclerotic monkeys.!? That study, 
10wever, showed considerable platelet deposition, 
which may have been related to either the CO» laser, 
asing in air in the absence of saline solution or blood, 
yr the adjacent arteriotomy. 

Aneurysm formation was not observed in our exper- 
ments; however, Lee et al6 reported this complication 
n rabbits. In that study aneurysm formation might 
ave been attributed to a larger and stiffer 400-um 
ore silica optical fiber and to rabbits having thinner 
irterial walls than dogs or monkeys. 
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Validation of Instantaneous Pressure Gradients 
Measured by Continuous-Wave Doppler 
in Experimentally Induced Aortic Stenosis 


MARK J. CALLAHAN, MD, A. JAMIL TAJIK, MD, QIAN SU-FAN, MD, 
and ALFRED A. BOVE, MD 





The relation between catheter-measured and 
Doppler-derived aortic pressure gradients was ex- 
amined in 8 open-chest dogs. A snare was placed 
around the proximal ascending aorta and adjusted 
to provide a wide range of gradient to left ventricular 
(LV) outflow. A continuous-wave Doppler transducer 
was placed above the level of the obstruction and 
angled to optimize the audio and spectral signals. 
Pressure tip transducer catheters recorded LV and 
ascending aortic pressures simultaneously with the 
Doppler signal. In 120 randomly selected sinus 
beats, Doppler-derived maximal gradient correlated 
well with maximal instantaneous catheter gradient 
from 4 to 179 mm Hg (r = 0.99). Mean gradients 
also were closely related (r = 0.98). For gradients 


above 100 mm Hg, the correlation remained good . 
(r = 0.98), but for gradients below 50 mm Hg, the 
correlation was not as precise (r = 0.81). All 120 © 


cycles were digitized at 10-ms intervals to examine 
the correspondence between the Doppler and 
catheter data throughout systole. For the 2,742 pairs 
of points so obtained, the correlation was excellent 
(r = 0.95). The close relation between Doppler- 


derived pressure gradient and that measured si- — 


multaneously by catheterization provides further 


validation of the use of continuous-wave Doppler in — 
the assessment of aortic stenosis, not only at max- - 


imal gradient, but throughout the period of LV 


ejection. 
(Am J Cardiol 1985;56:989-993) 


——M eer Ks 


Doppler echocardiography has an important role in the 
noninvasive assessment of valvular heart disease. 
Continuous-wave Doppler has been used to measure the 
increased blood velocity across the aortic valve in pa- 
tients with aortic stenosis (AS).!~* The peak aortic flow 
velocity is used to derive the pressure gradient across 
the aortic valve by means of a simplified version of the 
Bernoulli equation.? Although initial studies reported 
a good correlation between aortic valve gradient at 
catheterization and that estimated by Doppler, un- 
certainties remain concerning the validity of this 
simplification. 

This study was undertaken to confirm, in a controlled 
experimental environment, the overall correlation of 
Doppler and catheterization gradients (maximum, 
mean and peak-to-peak) and also to investigate the 
instantaneous relation between aortic flow velocity and 
pressure gradient throughout the cardiac cycle. 


Methods 


Eight mongrel dogs, mean weight 19 kg (range 17 to 22.5), 
were anesthetized with intramuscular Innovar? (0.25 ml/kg), 
followed by intravenous sodium pentobarbital (30 mg/kg). 
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The dogs were intubated and ventilated with a standard vol- 


ume respirator. The heart and ascending aorta were exposed — 


through a right thoracotomy and dissected free of adventitial 
fat up to the level of the arch. A Millar pressure tip transducer 
catheter (No. 7Fr) was inserted into the left ventricle by apical 
puncture. This catheter included a port that allowed injection 
of indocyanine green dye for cardiac output determinations. 
A second Millar (7Fr) catheter was introduced into the as- 
cending aorta by carotid artery cutdown. This catheter could 
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record an intraaortic phonocardiogram. The left femoral ar- _ 


tery was cannulated for withdrawal of arterial blood during 


cardiac output determinations. A snare made of 2 mm of > 
polyethylene tubing containing a short length of umbilical- 


tape was placed around the proximal ascending aorta. This 
provided controlled, adjustable levels of obstruction to left 
ventricular (LV) outflow (Fig. 1). 

Continuous-wave Doppler techniques: Doppler infor- 


mation was obtained by using a nonimaging transducer in- . 


corporated into an Irex 3-B system. The transducer was placed 


in a surgical glove containing ultrasonic gel and was hand-held ~ 


on the ascending aorta close to the arch. Care was taken to 
ensure that the transducer was positioned with light pressure 


and angled to obtain a Doppler signal of maximal velocity | 


while preserving a clear envelope. At each level of gradient, 
this angle was optimized by fine adjustment of the tilt of the 
hand-held transducer, guided only by the quality of the audio 
and spectral signals. No echocardiographic imaging was per- 
formed during the studies. 

The Irex 3-B instrument had been modified by the addition 
of a DC coupler unit, which allowed simultaneous recording 
of pressure traces and Doppler spectral output on the 7-inch 





TABLE! Results 








Parameter SEE n Equation 

Maximal Doppler vs maximal catheter U.99 5.2 120 y = 0.98x + 0.7 
Gradient > 100 mm Hg 0.98 4.6 17 y= 1.1x— 8 
Gradient < 100 mm Hg 0.98 5.1 103 y = 0.95x + 2.1 
Gradient <50 mm Hg 0.81 I. 50 y = 0.7x + 10.6 
Cardiac output 1.5 liters/min 0.97 8.0 78 y = 0.96x + 2.4 
Cardiac output «1.5 liters/min 0.99 4.8 42 y = 0.94x + 4.9 
Mean Doppler vs mean catheter 0.98 4.3 120 y = 0.94x + 2.9 
Maximal Doppler vs peak-to-peak catheter 0.95 10.5 120 y = 0.89x + 1.8 
Doppler-catheter (10-ms intervals) 0.95 9.4 2742 


SEE = standard error of the estimate. 


strip-chart recorder. The Doppler spectral output and Millar 
pressure traces were recorded together with the lead II elec- 
trocardiogram at 100 mm/s. Cardiac output was measured by 
injecting indocyanine green in the left ventricle and sampling 
in the femoral artery. 

The catheters were calibrated before use. Baseline records 
were then obtained at 0 gradient. The snare was next tight- 
ened to provide a gradient to aortic outflow. Once the dog had 
equilibrated at this gradient, new recordings were obtained. 
This was repeated for each level of obstruction created. 

To derive gradient from the Doppler velocity, a simplifi- 
cation of the Bernoulli relationship was used: P = 4 V?, where 
P = pressure gradient at a specified time and V = simulta- 
neous blood velocity. Since the transducer was angled to ob- 
tain maximum velocities, we assumed that the beam was 
nearly parallel to the jet. Furthermore, since the true direction 
of the aortic jet could not be known, we did not correct for 
possible angles between the Doppler beam and the jet. 
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"IGURE 1. Record obtained at a paper speed of 25 mm/s during pro- 
yressive tightening of the ascending aortic snare. Vertical dots are the 
Joppler velocity calibration in 2-m/s intervals. Peak left ventricular (LV) 
iystolic pressures are recorded above the LV traces. Simultaneous 
ortic pressures are recorded next to the aortic traces. The maximal 
Joppler-derived gradient for the next to last cycle is recorded in pa- 
entheses next to the aortic pressure trace. Note the concurrent in- 
‘ease in both the catheter gradient and the Doppler velocity, on a 
eat-to-beat basis. At the start of the recording, peak LV systolic 
ressure is 105 mm Hg with a minimal gradient. At this point, the peak 
Joppler velocity is 1.7 m/s, which yields a maximal instantaneous 
jradient of 11 mm Hg. The snare is then tightened. Near the end of the 
ecording, the maximal instantaneous catheter gradient is 92 mm Hg, 
vith a peak LV systolic pressure of 160 mm Hg. The maximal Dopp- 
er velocity at this time is 4.7 m/s. This yields a maximal gradient of 88 


nm Hg. 


Data analysis: To determine the instantaneous relation 
between Doppler and catheterization data, selected beats were 
measured using a computer graphic analysis system consisting 
of a digitizing table (Houston Instruments) and a PDP 11/34 
digital computer (Digital Computer Corp.). LV and ascending 
aortic pressure tracings were outlined, as was the envelope of 
the Doppler spectral signal. Data were acquired at 10-ms in- 
tervals throughout the LV ejection period. At each 10-ms in- 
terval, Doppler velocity was used to derive the pressure gra- 
dient by means of the simplified Bernoulli relation discussed 
previously. Mean Doppler gradient was calculated from the 
average of these gradients through the ejection period. 

Linear regression analysis was done for the following pairs 
of data: (1) mean gradient (Doppler) vs mean gradient 
(catheter); (2) maximal pressure gradient (Doppler) vs max- 
imal instantaneous gradient (catheter); (3) maximal pressure 
gradient (Doppler) vs peak-to-peak systolic gradient (cathe- 
ter); (4) simultaneous Doppler-derived and catheter pressure 
gradients at 10-m/s intervals throughout the LV ejection 
period; and (5) ratio of time to peak Doppler velocity/LV 
ejection time vs maximal instantaneous and mean catheter 

gradient. 

To determine where the outline of the Doppler signal should 
be traced, a random sample of 25 cycles was selected. Outlines 
were traced in 3 positions for each cycle: at the outer, “fuzzy” 
edge of the Doppler signal; through the center of the dark 
Doppler envelope; and at the inner border of the dark Doppler 
envelope. 


Results 


Satisfactory data were obtained from all dogs (Table 
I). Analysis was performed on 120 sinus beats selected 
at random from the 8 dogs. Beats with an indistinct or 
incomplete Doppler envelope were excluded, as were 
ectopic and postectopic beats. Cycles displaying pulsus 
alternans were included. The back-scattered Doppler 
signal recorded during indocyanine green dye injection 
was so markedly enhanced as to saturate the amplifier 
in the Doppler instrument. Therefore, no cycles re- 
corded during or immediately after dye injection were 
included in this analysis. 

Linear regression analysis of the mean Doppler- 
catheterization correlation (r) for the 25 cycles at 3 levels 
through the Doppler envelope yielded the following data 
(Fig. 2): outer edge: r = 0.96, standard error of the esti- 
mate (SEE) = 8.9 mm Hg; center of the dark envelope: 
r = 0.99, SEE = 4.4 mm Hg; inner border of the dark 
envelope: r = 0.99, SEE = 5.4 mm Hg. On this basis, we 
used the center of the dark Doppler envelope for all 
subsequent data analysis. 

The maximal catheter gradients ranged from 4 to 179 
mm Hg (mean 62.3). The Doppler peak velocity ranged 
from 1.1 to 6.5 m/s (mean 3.8). The cardiac output 


ranged from 1.0 to 2.6 liters/min. The calculated aortic 
valve areas ranged from 0.1 to 2.0 cm’. 

The maximal instantaneous catheter gradient for 
each beat was compared with the Doppler-derived 
maximal gradient. The correlation was 0.99, with an 
SEE of 5.2 mm Hg (Fig. 3). The peak-to-peak catheter 
gradient correlated less well with the Doppler-derived 
maximal gradient and the SEE was greater: (r = 0.99, 
SEE = 10.5 mm Hg). For each beat analyzed, mean 
catheter gradients were compared with Doppler-de- 
rived mean gradients: r = 0.98, SEE = 4.3 mm Hg. 

Separate linear regression analysis was performed for 
peak catheter gradients greater than and less than 100 
mm Hg. For peak gradients greater than 100 mm Hg, 
r = 0.98, SEE = 4.6 mm Hg. For peak gradients less than 
100 mm Hg, r = 0.98, SEE = 5.1 mm Hg. For the 50 
points obtained at catheter gradients less than 50 mm 
Hg, the correlation was not as precise: r = 0.81, SEE = 
7.1 mm Hg. 


r= 0.96 ———————— 
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FIGURE 2. Schematic drawing of a Doppler signal. A dark envelope" 
is at the outer margin of the signal. Above this envelope is a “fringe,” 
which may represent noise. The 25 test records discussed in the 
Methods section were traced at the levels indicated in the diagram: outer 
margin of the Doppler signal, r = 0.96, standard error of the estimate 
(SEE) = 8.9 mm Hg; center of the dark envelope, r = 0.99, SEE = 4.4 
mm Hg; inner edge of the dark Doppler envelope, r = 0.99, SEE = 5.4 
mm Hg. 
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FIGURE 3. Doppler-derived maximal pressure gradient vs catheter- 
measured maximal instantaneous pressure gradient for all 120 
points. 
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To examine the effect of cardiac output on the cor- 
relation, separate linear regression was performed on 
the maximal pressure gradient determined by Doppler 
and catheter for cardiac outputs greater than and less 
than 1.5 liters/min. For cardiac outputs greater than 1.5 
liters/min, r = 0.97, SEE = 8 mm Hg; for those less than —— 
1.5 liters/min, r = 0.99, SEE = 4.8 mm Hg. 

The points obtained from digitization of the Doppler | 
and catheterization data at 10-ms intervals were com- _ | 

x 
| 





pared throughout the period of LV ejection. For the 
2,742 points obtained from the 120 beats analyzed, 
the correlation was excellent (r = 0.95, SEE = 9.4 
mm Hg) (Fig. 4 to 7). 

No significant correlation (r = —0.01) was observed — 
between the ratio of time to maximum Doppler veloc- 
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FIGURE 4. Top, record obtained at low gradient. The peak left ven- 
tricular systolic pressure (112 mm Hg) is displayed above the left 
ventricular pressure trace. The maximal instantaneous catheter gradient 
(20 mm Hg) is listed in parentheses next to the vertical arrow. The peak 
Doppler velocity (2.1 m/s) is displayed next to the Doppler signal. The _ 
gradient calculated from this (18 mm Hg) is listed in parentheses un- 
derneath the velocity. Vertical dots are the Doppler velocity calibration — 
in 1-m/s intervals. Peak aortic pressure (107 mm Hg) is indicated by 
thin horizontal arrow. Note the discrepancy between the maximal in- 
stantaneous gradient (20 mm Hg) and the peak-to-peak catheter gradient 
(5 mm Hg). peg = phonocardiogram. Bottom, digitized pressure gradient 
data obtained from the above record. Note the delay in initial upstroke 
seen in the Doppler trace. 











ity/LV ejection time and maximal pressure gradient. 
Similarly, no significant correlation (r = 0.08) was 
found between the LV ejection time and peak pressure 
gradient. 


Discussion 


This study was undertaken in an idealized setting in 
order to examine the details of the Doppler-catheter- 
ization correlation freed from the technical limitations 
inherent in a clinical trial. Our findings identified a close 
correlation between Doppler-derived maximal gradient 
and maximal instantaneous catheter gradient. The 
relation was linear and remained so at the extremes of 
gradient, with somewhat less precise correlation ob- 
served for gradients less than 50 mm Hg. Among the 
explanations for this observation is that the velocity 
profile across mildly stenotic valves is less flat than for 
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FIGURE 5. Top, record obtained af moderate gradient. Legend for Figure 
4 provides explanation of the record. Vertical dots representing the 
Doppler velocity calibration are in 2-m/s intervals. The peak systolic 
left ventricular pressure was 165 mm Hg. Maximal instantaneous 
oressure gradient was 45 mm Hg. Maximal Doppler velocity was 3.6 
m/s, yielding a calculated gradient of 52 mm Hg. Bottom, digitized 
oressure gradient data obtained from the above record. Doppler slightly 
overestimates the gradient in this instance. 


more severe stenoses, resulting in greater errors from 
neglecting the contribution of viscous friction to the 
gradient calculation. In addition, the slight error in- 
troduced by neglecting the prestenotic velocity may be 
more appreciable at low levels of gradient. At gradients 
greater than 120 mm Hg, the Doppler signal continued 
to reflect accurately the true pressure drop across the 
ascending aorta. 

The correlation of mean gradients was essentially 
similar to that noted for maximal instantaneous gra- 
dients. This suggests that the relation between Doppler 
velocity and catheterization data applies not only at 
maximal gradient, but also during the entire period of 
ejection. 

The point-to-point correlations were good, but ap- 
peared to be somewhat affected by a brief delay often 
seen in the Doppler record at the beginning and end of 
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FIGURE 6. Top, record obtained at high gradient. Legend for Figure 4 
provides explanation of the record. Peak systolic left ventricular 
pressure was 164 mm Hg. Maximal instantaneous pressure gradient 
was 85 mm Hg. Maximal Doppler velocity was 4.7 m/s, yielding a cal- 
culated gradient of 88 mm Hg. Bottom, digitized pressure gradient data 
obtained from the above record. The 2 curves correspond closely 
throughout systole. 
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FIGURE 7. Top, record obtained at a critical gradient. See Figure 4 for 

an explanation of the record. Peak systolic LV pressure was 208 mm 

Hg. Maximal instantaneous pressure gradient was 135 mm Hg. Maximal 

Doppler velocity was 5.9 m/s, yielding a calculated gradient of 139 mm 

Hg. Bottom, digitized pressure gradient data obtained from the above 

record. The 2 curves correspond very closely and are essentially 

superimposed. 


LV ejection, times when the pressure gradient was 
changing most rapidly. In a rapidly changing hydro- 
dynamic system, the pressure waveform precedes the 
velocity pulse in time. In addition, the Chirp Z spectral 
analysis algorithm incorporated into the Doppler in- 
strument used in this study introduces a small delay in 
the display in the returning Doppler signal. Neglecting 
the contribution of flow acceleration when deriving 
pressure gradients from the modified Bernoulli equa- 
tion would also be expected to introduce a delay in the 
Doppler-calculated pressure curve.? 
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Despite these minor points, the close Doppler- 
catheterization correlation observed within the period 
of LV ejection strongly suggests that the Doppler signal 
accurately represents pressure gradients, from beat to 
beat and throughout LV ejection. Further, this corre- 
lation persists over a wide range of gradients. 

The correlation between Doppler-derived maximal 
gradient and peak-to-peak systolic gradient determined 
at catheterization was good, but not as close as for the 
other variables discussed above. This is not surprising, 
because the Doppler signal measures instantaneous 
changes in blood velocity and would be expected to 
correspond most closely with instantaneous measure- 
ments of pressure gradient and not with nonsimulta- 
neous points as represented by the expression of peak- 
to-peak gradient. Indeed, the use of the convenient 
catheterization laboratory measurement of peak-to- 
peak systolic gradient for correlation with Doppler 
pressure gradient may lead to the erroneous conclusion 
that the Doppler technique overestimates the severity 
of AS. 

The lack of significant correlation between maximal 
and mean catheter gradient and the ratio of time to — 
maximal Doppler velocity/LV ejection time contradicts 
previous clinical work.° This finding may be explained 
by the physiologic differences between acute LV outflow 
obstruction and the chronic obstruction observed in 
clinical situations. However, in recent studies in our 
clinical laboratory, similar observations regarding this 
lack of significant correlation have been independently 
confirmed.® 

This study shows that accurate continuous-wave 
Doppler assessment of pressure gradients may be made 
solely by optimizing the audio and spectral signals, 
without incorporating angle correction. In this experi- 
mental model of aortic outflow obstruction, the Dop- 
pler-derived gradients correlated closely with catheter 
gradients throughout systole and across a wide range of 
obstruction. 
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Dynamic Nature of Coronary 
Collateral Blood Flow 


DAVID S. KRAMER, MD 
JOHN MICHAEL CRILEY, MD 


How coronary collateral blood flow is *turned on" and 
"turned off" is not known. Moreover, the rapidity with 
which coronary blood flow can become evident after 
total occlusion of a coronary artery and then become 
nondetectable again after resolution of the coronary 
artery occlusion has been reported infrequently.!2 
Recent studies?^ showed that collateral channel filling 
may improve within 60 to 90 seconds after sudden cor- 
onary occlusion by an angioplasty balloon in certain 
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patients with severe coronary stenosis. This report 
demonstrates the dynamic nature of coronary collateral 
flow. Collateral blood flow appeared immediately after 
total occlusion of a coronary artery. After transluminal 
disobliteration,? anterograde blood flow returned and 
collateral blood flow was no longer seen. 


A 63-year-old man with a 5-month history of poorly con- 
trolled angina pectoris underwent left-sided cardiac cathet- 
erization and coronary arteriography. Left ventriculography 
revealed moderate apical hypokinesia with a normal ejection 
fraction of 67%. The initial coronary arteriographic injec- 
tions (Fig. 1) revealed high-grade lesions in all of the proxi- 
mal major branches of both coronary arteries. No left-to-right 
collateral filling was noted (Fig. 1B). Right coronary arteri- 
ography (Fig. 1A) revealed multiple lesions, including 
greater than 99% narrowing near its ostium with brisk distal 
flow. Subsequent injections of the right coronary artery after 
the onset of 5/10 chest pain revealed poor distal filling and 
evidence of reciprocating flow of unopacified blood from the 
distal artery. The chest pain was not responsive to sublingual 
or intracoronary nitroglycerin administration. Subsequently, 
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FIGURE 1. Selective injections of the right (top) and left (bottom) coronary arteries in the left anterior oblique projection. The injections are arranged 
in chronologic order before (A and B), during (C, D and E) and after (F and G) total occlusion of the proximal right coronary artery, and reveal collateral 


flow (arrow, D) while the right coronary artery is occluded. 
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injections revealed progression to total occlusion of the 
proximal vessel and no distal filling (Fig. 1C). An injection 
of the left coronary artery revealed multiple obstructions, 
as had been previously seen, but left-to-right collateral flow, 
which filled the right coronary artery, was noted (Fig. 1D). 
A guidewire was then passed through the occluded right 
coronary artery lesion and a catheter was passed over the 
wire but could not be advanced past the lesion (Fig. 1E). 
Subsequent injection of contrast medium revealed opening 
of the proximal right coronary artery obstruction with return 
of anterograde flow through the right coronary artery (Fig. 
1F). A repeat left coronary arteriogram revealed disap- 
pearance of left-to-right collaterals (Fig. 1G). The chest pain 
was completely relieved concurrent with the restoration of 
flow through the right coronary artery, approximately 20 
minutes after the onset of pain and the demonstration of 
sluggish flow in the right coronary artery. A 12-lead elec- 
trocardiogram at the completion of the catheterization study 
was unchanged from that before catheterization. 

In the coronary care unit, the patient received full-dose 
heparin and antiplatelet therapy. He had a small increase 
in serum creatine kinase levels, to 321 mU/ml (normal 45 to 
235 mU/ml) with 14.8% MB fraction. He later underwent 
successful coronary artery bypass surgery. 
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The ineffectiveness of sublingual and intracoronary 
nitroglycerin on the total occlusion of the proximal right 
coronary artery in our patient suggested that the oc- 
clusion may not have been a result of coronary artery 
spasm but may have been the result of either a plate- 
let plug or an acute intracoronary thrombotic occlu- 
sion, which are known complications of coronary 
angiography.? 
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Pacemaker Malfunction After Nitrous 
Oxide Anesthesia 


GERVASIO A. LAMAS, MD 
GEORGE S. REBECCA, MD 
‘NINA S. BRAUNWALD, MD 
ELLIOTT M. ANTMAN, MD 


Entrapment of gas in the pacemaker pocket has been 
reported.!:2 Pacemaker malfunction in those studies was 
a result of loss of anodal contact, and presented with 
small amplitude, variable amplitude or absent pacing 
spikes with loss of ventricular capture. We report a 
patient in whom pacemaker malfunction was caused by 
the presence of an anesthetic gas within the pacemaker 
pocket itself. | 


An 89-year-old woman was hospitalized after she was 
found lying on the floor of her home. An evaluation revealed 
both a fractured hip and complete heart block. A Telectronics 
5281 (Optima MPT; VVI, M) generator and a unipolar 
Medtronic 4011-58 electrode were implanted. The prepec- 
toral pocket was flushed with antibiotic solution before 
closing. The generator exhibited normal (VVI) function for 
24 hours after implantation. The day after implantation 
the patient underwent total hip replacement with use 
of nitrous oxide and narcotic anesthesia. While in the 
operating room, intermittent failure to pace was noted. 
Examination of the pacemaker pocket revealed marked 
crepitus and distention owing to gas in the prepec- 
toral pocket. Agitation of the pacemaker pocket with motion 
of the generator led to intermittent appearance of ventricular 
spikes and ventricular capture. Positioning a magnet over 
the generator led to VOO pacing at a rate of 99 beats/min 
without further loss of capture. The gas was manually ex- 
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pressed to the perimeters of the pocket and loss of ventricular 
capture became less frequent. The next day, crepitus in the 
prepectoral pocket could no longer be demonstrated, and 
motion of the generator did not lead to loss of ventricular 
capture. 


Entrapment of gas in the pacer pocket with resultant 
pacer malfunction owing to interruption of anodal 
contact has been described.'? In both previous cases, 
the involved gas was air that had not been effectively 
evacuated from the pacemaker pocket during the im- 
plant procedure. In the present case, the entrapped gas 
was a mixture of nitrous oxide and air. 

Nitrous oxide is an inorganic anesthetic gas that is 
poorly soluble in water. It diffuses readily into the 
body’s air-containing structures until it approaches 
equilibrium with the partial pressure of the inspired gas 
mixture. This phenomemon can lead to a marked vol- 
ume increase of any air pockets, such as a pneumotho- 
rax, or even of intracranial air after pneumoencepha- 
lography.? In the present case, despite air evacuation 
with antibiotic solution before closure of the prepectoral 
pocket, a small amount of air remained entrapped in the 


generator pocket. In general, this small amount of air - 


should have no clinical significance. However, nitrous 
oxide diffused into the pocket from the blood to reach 
an equilibrium with its partial pressure in the inspired 
gas mixture. This caused an expansion of the gas in the 
pocket, which led to loss of anodal contact and pacing 
system malfunction. 
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Angiographic Diagnosis of Coronary 
Sinus Ostium Atresia 


SCOTT B. YEAGER, MD 
ARPY A. BALIAN, MD 
ROBERT A. GUSTAFSON, MD 
WILLIAM A. NEAL, MD 


Atresia of the ostium of the coronary sinus is a rare 
cardiac anomaly that has been diagnosed exclusively at 
necropsy.! 


Cardiac catheterization of a term female infant confirmed 
the clinical and 2-dimensional echocardiographic diagnosis 
of pulmonary atresia with intact ventricular septum. Right 
ventricular angiography showed myocardial sinusoids with 
retrograde filling of the coronary arteries. The coronary veins 
drained to the left superior vena cava (SVC). There was no 
direct coronary venous drainage to either atrium. Selective 
injection into the left SVC (Fig. 1) confirmed the diagnosis 
of atresia of the coronary sinus ostium. The patient survived 
a palliative shunt but died of intraoperative arrhythmias at 
3 months of age after attempted pulmonary valvotomy. 
Autopsy was refused. 


A recent review by Gerlis et al! reported 15 cases of 
coronary sinus ostium atresia and persistent left SVC, 
all discovered at necropsy. Six cases had associated 
cardiovascular anomalies: most of the remainder were 
asymptomatic adults. We believe that the infant de- 
scribed herein is the first in whom coronary sinus ostium 
atresia was diagnosed using angiography and the first 
to have associated pulmonary atresia with intact ven- 
tricular septum. 

On retrospective review, the echocardiogram showed 
the small left SVC but not the coronary sinus or coro- 
nary sinus ostium. Therefore, the only echocardio- 
graphic clue to the diagnosis was the absence of the 
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FIGURE 1. Selective left superior vena cava (LSVC) angiogram in a 
patient with atresia of the coronary sinus (CS) ostium shown in ante- 
roposterior (left) and lateral (right) projections. Contrast filled the cor- 
onary veins (CV), LSVC, innominate vein (IV) and right superior vena 
cava (RSVC). No contrast entered either atrium. After injection, contrast 
was observed draining in a retrograde fashion from LSVC to IV to RSVC 
to right atrium. HAZ = hemiazygos vein. 


dilated coronary sinus usually associated with a left 
SVC. Although not performed in our infant, Doppler 
interogation of the left SVC should reveal reversal of 
the usual direction of flow. 

Although this anomaly is believed to be of little 
functional significance,? diagnosis may be important 
before the surgical correction of associated cardiovas- 
cular abnormalities. A persistent left SVC and innom- 
inate vein recognized during preparation for cardio- 
pulmonary bypass may be clamped or ligated.? 
Interruption of the sole route of cardiac venous return 
could have disastrous consequences such as ischemia 
or coronary arterial or venous thrombosis. 
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Contrast-Enhanced Cine Computed 

Tomography for Diagnosis of Right 

Coronary Artery to Coronary Sinus 
Arteriovenous Fistula 


ROBERT M. MacMILLAN, MD 
ALI SHAHRIARI, MD 
SUMITHISENA, MD 

BARBARA K. FENDER, BSRT 

VLADIR MARANHAO, MD 
DONALD CLARK, MD 


Until recently, computed tomography (CT) could not 
be applied to the heart because of relatively slow ex- 
posure speeds of 1 to 5 seconds, which is not long enough 
to achieve adequate temporal resolution. With the de- 
velopment of the Cine/CT C-1009 scanner (Imatron), 
multilevel 50-ms exposures can be obtained using pe- 
ripheral intravenous bolus injections of contrast me- 
dium for image enhancement.! Resolution of cardiac 
anatomy in transverse 8-mm slices may provide diag- 
nostic information not available by other techniques. 
The CT findings of a large right coronary artery to 
coronary sinus arteriovenous fistula are presented. 


A 54-year-old man who had been followed for “mild” val- 
vular heart disease for 10 years was admitted for evaluation 
of squeezing midsternal chest pressure radiating to the left 
arm, associated with dyspnea and provoked by physical 
exertion or psychological stress. Rest or nitroglycerin relieved 
the pain. The radial pulse was 54 beats/min and regular, and 
blood pressure 140/90 mm Hg in both arms, supine. There 
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FIGURE 1. Cine CT C-100 scan at the level of the right coronary os- 
tium. Large arrows mark the proximal right coronary artery arising from 
the aorta (AO) and small arrows mark a more distal segment. LA = left 
atrium; LVO = left ventricular outflow tract; RA = right atrium. 


was no neck vein distention at 30? and the carotid pulses 
were normal. The cardiac apex impulse was in the sixth space 
in the anterior axillary line. There was a systolic left ven- 
tricular lift. The first heart sound was normal. The second 
heart sound was split but not fixed. A harsh grade 3/6 pan- 
systolic murmur heard loudest in the sitting postion at the 
third left sternal border was increased by squatting and de- 
creased with standing and Valsalva maneuver. A grade 2/6 
diastolic decrescendo murmur was heard best at the same 
location. There were no gallops. An electrocardiogram re- 
vealed sinus bradycardia (52 beats/min), unifocal ventricular 
premature complexes, left anterior hemiblock and nonspe- 
cific ST-T abnormalities. There was mild cardiomegaly by 
chest radiograph. Echocardiography revealed slight left 
ventricular dilatation. First-pass radionuclide angiography 
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FIGURE 2. Cine CT C-1009 scan showing origin and proximal segment 


of a normal right coronary artery (arrows). AO = aorta; LA = left atrium; 
RA = right atrium; RV = right ventricle. 





FIGURE 3. Selective injection of proximal right coronary artery (RCA) 
in left anterior oblique 60? projection. Note the markedly dilated and 
tortuous vessel (arrows), whose distal segment enters the coronary 
sinus (CS). 
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disclosed normal right and left ventricular ejection fractions 
with an unexplained concentration of tracer activity outside 
the right heart border. A treadmill stress test was stopped 
at 4 minutes owing to chest pain, but ST segments were 
nondiagnostic owing to ST-T abnormalities at rest. Cine-CT 
scan in the transverse plane at the level of the origins of the 
coronary arteries revealed a dilated right coronary artery 
(RCA) (1.4 cm in diameter) arising from the aorta (Fig. 1), 
as contrasted with a normal RCA (Fig. 2). Contiguous slices 
below the level of the origin of the RCA revealed the dilated 
RCA in its middle and distal segments, but the specific entry 
point into the coronary sinus was not seen. Analysis of flow 
curves demonstrates early reappearance in the right atrium 
and ventricle. CT scan also disclosed mild dilatation of the 
main pulmonary artery and left atrium. Cardiac catheter- 
ization revealed normal right and left ventricular function 
with no valvular heart disease. The left coronary artery was 
normal. The RCA arose from the normal location in the aorta 
but was enlarged and tortuous, eventually communicating 
with the coronary sinus (Fig. 3). A left-to-right shunt at the 
right atrial level was 1.3:1. 


The Cine/CT C-100 scanner has been shown previ- 
ously to visualize segments of the coronary arteries? and 
saphenous vein bypass grafts,’ although sufficient image 
resolution does not yet exist to detect atherosclerotic 
narrowing. This report illustrates the contribution of 
the Cine/CT C-100 scanner to provide information not 
available using other noninvasive methods for the di- 
agnosis of an uncommon congenital anomaly,*? which 
caused clinical symptoms of angina pectoris. 
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Atlas of 2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology, Guayaquil, Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School; 

Director, Division of Cardiology, St. Vincent Hospital, Worcester, Massachusetts 
ISBN 0-914316-35-4, 198 pp, illus., large format 8% x 12, March '83, $69.00 
2-dimensional echocardiography complemented by M-mode echo- 
cardiography has become one of the most common noninvasive 
diagnostic tools used by the cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPHY, neophyte 
and expert alike now have available to them the most truly 
usable didactic presentation of the subject ever published. 


A true atlas, this book provides in a large 8% x 12 format 251 
black and white half tones, 152 line drawings and 6 
charts which illustrate in exacting detail how to perform and in- 
terpret 2-dimensional echocardiograms on patients with existing 
and/or suspected heart disease. The lucid accompanying text 
leads the reader step-by-step through the entire process, leaving 
little to the imagination. It presents in the most simple, direct 
way possible the broadest range of normal and abnormal 
2-dimensional echocardiograms. The descriptions and detailed |l- 
lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. 
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lypertensive patients 


Minipress’ for initial therapy 

(prazosin HCl) 

m [s effective when used alone 

m Does not cause a significant incidence of sexual 
impotence, although it has been reported! 

m Does not adversely affect blood lipids*? 

m Does not lower heart rate, cardiac output or work 
capacity? 

m Does not induce potassium wasting! 

= Most common side effects with Minipress, 
generally mild and transient, are dizziness, 
headache, drowsiness, palpitations, and nausea. 
Syncope (sudden loss of consciousness) has been 
reported in about 0.1596 of patients at the 
recommended initial dose of 1 mg. 


*Minipress is not indicated for the treatment of hyperlipidemia. 
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another eens drug into the regimen of a patient taking high 
. doses of MINIPRESS. The incidence of syncopal episodes is — 
mately 1% in patients given an initial dose of 2 mg or e inical 
trials conducted during the investigational phase of this rug suggest that 
ial dose of the 
E [5 1 mg. by subsequently increasing the dosage slowly, and by intro- 
-ducing any addi g 
R caution. (See DOSAGE AND ADMINISTRATION. ) 
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i cases does not recur after the initial period of therapy or during subsequent dose 


_ Patients should always be started on the 1 mg capsule of MINIPRESS. The 2 
and 5 mg capsules are not indicated for initial therapy 
- More common than loss of consciousness are the symptoms often associated 
with NNI of Ihe blood pressure. namely, dizziness and lightheadedness. The 
— patient should be cautioned about these possible adverse effects and advised what 
pep to take should they develop. The patient should also be cautioned to 
— avoid situations where injury could result should syncope occur during the initi- 
~ ation of MINIPRESS therapy 
_ Usage in Pregnancy: Although no teratogenic effects were seen in animal 
_ testing, the safety of MINIPRESS in pregnancy has not been established 
- MINIPRESS is not recommended in pregnant women unless the potential benefit 








The following reactions have been associated with MINIPRESS some o! them 

- farely. (In some instances exact causal relationships have not been established.) 
fk L enges vomiting, diarrhea, constipation, abdominal discomfort and/ 
.. 0r pain. 

. Cardiovascular: edema, dyspnea, syncope, tachycardia 

- Central Nervous System: nervousness, vertigo. depression, paresthesia 

— Dermatologic: rash, pruritus, alopecia, lichen planus. 
Genitourinary: urinary frequency, incontinence, impotence, priapism. 
~ EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion 
Other: diaphoresis. 
Single reports of pigmentary mottling and serous retinopathy, and a few reports 
Of Cataract development or disappearance have been reported. In these instances 
- the exact causal relationship has not been established because the baseline ob- 
-servations were frequently inadequate 
- In more specific slit-lamp and funduscopic studies, which included adequate 
- baseline examinations, no drug-related abnormal ophthalmological findings have 
. been reported. 
— DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted 
-- according to the patient's individual blood pressure response. The following is a 
- guide to its administration: 
- Initial Dose: 1 mg two or three times a day. (See WARNINGS.) 
i _ Maintenance Dose: Dosage may be slowly increased to a total daily dose of 
< 20mg given in divided doses. The therapeutic dosages most commonly employed 
- have ranged trom 6 mg to 15 mg daily given in divided doses. Doses higher than 
. 20 mg usually do not increase efficacy; however a few patients may benefit from 
* further increases up to a daily dose of 40 mg given in divided doses. After initial 
~ titration some patients can be maintained adequately on a twice daily dosage 
regimen, 
se With Other Drugs: When adding a diuretic or other antihypertensive 
- agent, the dose of MINIPRESS should be reduced to 1 mg or 2 mg three times a 
| day and retitration then carried out 
| OVERDOSAGE: Accidental ingestion of at least 50 mg of MINIPRESS in a two 
gor old child resulted in profound drowsiness and depressed reflexes. No de- 
. Crease in blood pressure was noted. Recovery was uneventful 

~ — Should overdosage lead to hypotension, support of the cardiovascular system 
ds of first importance. Restoration of blood pressure and normalization of heart 
| fate may be accomplished by keeping the patient in the supine position. If this 
' ‘Measure is inadequate, shock should first be treated with volume expanders. If 
A ‘necessary, vasopressors should then be used. Renal function should be monitored 
- and supported as needed. Laboratory data indicate MINIPRESS is not dialysable 
. because it is protein bound 

_ TOXICOLOGY: Testicular changes. necrosis and atrophy have occurred at 25 mg; 
C kgćday (60 times the usual maximum recommended dose of 20 mg per day in hu- 
gh jns] in long lerm (one year or more) studies in rats and dogs. No testicular 
_ Changes were seen in rats or dogs at the 10 mg/kg/day level (24 times the usual 
_ maximum recommended dose o! 20 mg per day in humans). In view of the testic- 
> ular changes observed in animals, 105 patients on long term MINIPRESS 
"(prazosin hydrochloride) therapy were monitored for 17-ketosteroid excretion and 
- no changes indicating a drug effect were observed. In addition, 27 males on 
"MINIPRESS (prazosin hydrochloride) alone tor up to 51 months did not demon- 
| strate changes in sperm morphology suggestive of drug effect 
- HOW SUPPLIED: MINIPRESS is available in 1 mg (white #431), 2 mg (pink and 
while #437) capsules in bottles of 250, 1000, and unit dose institutional pack- 
i n of 100 (10 x 10's); and 5 mg (blue and white #438) capsules in bottles of 
- 250, 500 and unit dose institutional packages of 100 (10 x 10's) 
E- detailed information available on request 
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Every Cardiologist, Internist, Pediatri- 
cian, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic 
Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons 
Why This is so Essential: 


* 4 of all pre-excitation cases are 
misdiagnosed. 

e 5% to 10% of all tachycardias in 
adults are produced by pre-excitation. 

* [n % of all infants under 10 months 
of age with life-threatening tachycar- 
dias, the tachycardias are actually 
secondary to pre-excitation. 

* !/^ to !^ of all children with pre- 
excitation have an additional heart 
disease. 


Starting with Wolff, Parkinson and 
White's classic paper, this book gives a 
comprehensive summary cf all impor- 
tant facts of pre-excitation, plus the 
authors' personal experiences of follow- 
up studies on patients through many 
decades. It also brings a broad view of 
the literature and discusses the different 
structural and physiological aspects 
which form the pathomechanism of 
pre-excitation. 


"What is offered richly in this book is 
a methodical and comprehensive 
analysis of virtually all currently 
available knowledge on the subject. 
This is done with an admirable even- 
handedness, dealing objectively with all 
viewpoints but at the same time 
evaluating relative strengths and 
weaknesses of each observation and 
hypothesis. There is brought a wisdom 
here which only time and experience 
can provide. The encyclopedic 
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Please send me a copy of THE PRE-EXCITATION SYNDROME at $38.00. I may use the book for 
30 days and if not completely satisfied, return it for full credit or refund. 
CJ Bill me plus cost of shipping (U.S. & Canada only) 
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Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All 
foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please 
add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 


references alone would make the book 
invaluable to anyone seriously in- 
terested in the Wolff-Parkinson- White 
syndrome. But when knowledgeable 
discussion and personal observations 
are added, it is genuinely a monumental 
contribution to clinical cardiology and 
cardiac electrophysiology. ”’ 


Thomas N. James, MD 


The Mary Gertrude Waters Professor 
of Cardiology and Chairman of the 
Department of Medicine, The Uni- 
versity of Alabama in Birmingham, 
and Physician-in-Chief, University of 
Alabama Hospitals 


The 13 Chapters Are a 
Comprehensive Summary 
1. General Considerations 
2. The Electrocardiogram in the Pre- 
excitation Syndrome: Complexes 
and Configurations 
3. The Electrocardiogram in the Pre- 
excitation Syndrome: Disturbances 
of Rate and Rhythm 
4. Pathology 
5. Noninvasive Methods of Investi- 
gation 
6. Invasive Methods of Investigation 
7. Prognosis 
8. Treatment 
9. Problems of Diagnosis — Some 
Illustrative Cases 
10. Summary of Findings and Theories 
of Pre-excitation Syndrome 
11. Concept of Interacting Structural 
and Functional Factors 
12. Explanation of Some Phenomena 
of the Pre-excitation Syndrome by 
the Proposed Concept 
13. Various QRS Patterns in the 
Different Forms of Pre-excitation 
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CARDIOLOGIST (Non-Invasive) to associate with two board certified 
Cardiologists in twenty-two member multi-specialty clinic. Board certi- 
fied or board eligible. Guaranteed salary with incentive bonus. Clinic is 
located in the heart of the Florida citrus industry and lake country. 
1% hours to either coast. Immediate drawing area—90,000. For addi- 
tional information, send C.V. to: Box 465, The American Journal of 
Cardiology, 875 Third Ave., New York, NY 10022. 





Critical Care Specialist —BC in IM plus BC/BE in 
Cardio. or Resp. or Critical Care. Part-time ICU Director, 
Part-time practice in multisubspec. IM Group. Medical 
School Affiliated. Upstate NY. Please reply to Box 455, 
The American Journal of Cardiology, 875 Third Ave., 
New York, NY 10022. 


Cardiologist: BC-BE with experience and training in non-in- 
vasive procedures needed to join eastern Pennsylvania group 
practice. Opportunity to open a new suburban office devoted to 
clinical cardiology. Above average first year salary guaran- 
teed. Please reply to Box 490, The American Journal of Cardi- 
ology, 875 Third Ave., New York, NY 10022. 


Cardiologist, non-invasive, to join six man Internal Medicine 
Group in the Piedmont area of N.C. Excellent practice opportu- 
nity, good starting salary, ownership opportunity in one year. 
Immediate opening available. Please send curriculum vitae to: 
Box 460, The American Journal of Cardiology, 875 Third Ave., 
New York, N.Y. 10022. 


THE MARSHFIELD CLINIC, a 225 physician multispecialty 
group practice, is seeking a second electrophysiologist to 
join an eight member cardiology department. The candidate 
must be Board certified or eligible in cardiology and have 
extensive training in electrophysiology and all aspects of 
arrhythmia evaluation and management. Send C.V. to W. 
Bruce Fye, M.D., Chairman, Cardiology Department, Marsh- 
field Clinic, 1000 North Oak Ave., Marshfield, WI 54449. 
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Manuscripts are received with the understanding that they are submitted 
solely to THE AMERICAN JOURNAL OF CARDIOLOGY, that upon sub- 
mission, they become the property of the Publisher, that the work has 
not been previously published, and that the data in the manuscript have 
been reviewed by all authors, who agree with the analysis of the data 
and the conclusions reached in the manuscript. The Publisher reserves 
copyright and renewal on all published material, and such material may 
not be reproduced without the written permission of the Publisher. 
Statements in articles are the responsibility of the authors. 


ADDRESS MANUSCRIPTS TO: William C. Roberts, MD, Editor-in- 
Chief, THE AMERICAN JOURNAL OF CARDIOLOGY, 7960 Old Georgetown 
Road, Suite 2C, Bethesda, Maryland 20814. The covering letter should 
state precisely and concisely the significance and uniqueness of the 
work in the authors’ view. The authors might delineate the extent of any 
concessions they are readily prepared to make (for example, the 
elimination of 1 or more figures or tables or a portion of the text) to in- 
crease the likelihood of publication of their work in the Journal. Several 
names and addresses should be provided of nonlocal experts who, in 
the authors’ view, could provide objective and informed reviews of their 
work. The names of investigators considered unlikely by the authors 
to give nonbiased reviews of their work may also be submitted. 

Submit 3 copies (1 original and 2 xerographic copies) of the entire 
manuscript, including text, references, figures, legends, and tables. 
Study recent past issues of the Journal for format. Arrange the paper 
as follows: (1) title page, which should include the title, the full names 
and academic degrees of the authors, and the institution and city and 
state or city and country from which the work originated; (2) second title 
page, with only the title of the article; (3) miniabstract for Table of 
Contents that includes the full title and names of all authors; (4) abstract, 
(5) text; (6) references; (7) acknowledgment; (8) figure legends; and (9) 
tables. Number all pages in the above sequence, beginning with the 
title page as 1, the abstract as 2, and so on. (Leave the second title page 
and the miniabstract unnumbered.) Type on 22 X 28 cm (8.5 X 11 inch) 
paper, only on 1 side of each sheet, double-spaced (including refer- 
ences), with at least 25-mm (1-inch) margins. 

The second title page, on which the names and institution of the 
authors are omitted, gives the Editor-in-Chief the option of acquiring 
blinded or nonblinded reviews. References to the institution in the text 
or to the author's previous work in the Reference section must be de- 
leted or written in a manner that prevents identification of the authors 
and the institution. Label figures with the manuscript title rather than 
the authors' names so that blinded reviews can be solicited. The authors 
should state which type of review they wish in the covering letter; this 
request is always honored. 


TITLE PAGE, TABLE OF CONTENTS ABSTRACT AND MINIAB- 
STRACT: For the complete title page, include the full first or middle 
and last names of all authors. Provide a short running title of 3 to 6 
words. List the institution and address from which the work originated, 
and provide information about grant support if necessary. Add at the 
bottom the phrase, ''Address for reprints:’’ followed by full name and 
address with zip code. 

Limit the abstract to 250 words and the Table of Contents miniab- 
stract to 150 words. List 2 to 6 key words for subject indexing at the 
end of the abstract. 


STYLE: Use appropriate subheadings throughout the body of the text, 
such as the Methods, Results and Discussion. Abbreviations are per- 
mitted, but no more than 4 per manuscript, and then they must be used 
on every page of the manuscript after they are initially spelled out 
(followed by the abbreviation) in both abstract and introduction. Use 

generic names of drugs. Do not spell out any number, including those 
less than 10, except when used for opening a sentence, but try not to 
begin sentences with numbers. Use symbols for less than (€), greater 
than (>) and percent (96). Indent for paragraphs except the first one 
_in both abstract and introduction. Consult the Uniform Requirements 
for Manuscripts Submitted to Biomedical journals, published in The 
Annals of Internal Medicine June 1982;96:766-771, and also the 
.. Stylebook! Editorial Manual of the American Medical Association for 
current usage. 
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REFERENCES: List all authors, year, volume and inclusive UEM Eu 
for all journal references, and specific page numbers for all book ref- — 
erences as shown below. Avoid referencing abstracts, but if they are — - 
used, indicate them as such by the abbreviation (abstr) after the title. — 
Do not use periods after authors' initials or after abbreviations for titles 
of journals. Check Index Medicus or Annals of Internal Medicine (June 
1982) as cited above for journal titles and abbreviations. Personal — 
communications, unpublished observations, and manuscripts submitted — 
but not yet accepted for publication do not constitute references. 


Journal: Harvey W, Heberden W, Withering W, Stokes W, Mur- 
rell W, Einthoven W, Osler W. Anomalies and curiosities of 
cardiology and of cardiologists. Reflections of famous medical 
Williams. Am J Cardiol 1984;53:900-9 15. 


Chapter in Book: Cabot RC, White PD, Taussig HB, Levine SA, 
Wood P, Friedberg CK, Nadas AS, Hurst JW, Braunwald E. 
How to write cardiologic textbooks. In: Hope JA, ed. A Treatise 
on Disease of the Heart and Great Vessels. London: Yorke 
Medical Books, 1984;175-200. 


Book: Carrel A, Cutler EC, Gross RE, Blalock A, Craffoord C, 
Brock RC, Bailey CP, DeBakey ME. The Closing of Holes, Re- 
placing of Valves and Inserting of Pipes, or How Cardiovascu- 
lar Surgeons Deal with Knives, Knaves and Knots. New York: 
Yorke University Press, 1984:903. 


FIGURES: Submit 3 glossy, unmounted prints of each photograph - 


requested. Use black ink for all charts (line drawings). Make decimals; 
broken lines, and so on, clear enough for reproduction. Use arrows to 
designate special features. Crop photographs to show only essential  . 

fields. Identify figures on back by title of the article; omit the authors' - E 
names so that blinded reviews can be obtained. Number figures in the — 
order in which they are mentioned in the text. Indicate the top of each | is 
figure. Submit written permission from the publisher and author to re- — BÉ 
produce previously published figures. Limit figures to the number — 
necessary to present the message clearly. Type figure legends on a A 

separate page, double-spaced. identify at the end of each legend and . 
in alphabetical order all abbreviations in the figure. The cost of color — 
reproduction must be paid by the author. | 


TABLES: Place each table on a separate page, typed double-spaced. d 
Number each table in Roman numerals (Table |, Il, etc.) and title each — - 
table. Identify in alphabetical order at the bottom of the table all ab- 
breviations used. When tabulating numbers of patients, use no more * P 
than 2 lines, preferably only 1 line, per patient. Use a plus sign (+) to . e 
indicate “positive” or “present,” a zero (0) for “negative” or "absent, tS 3 E 
and dash (—) tor ‘no information available” or ''not done.” Do not use 

"yes" or ‘‘no.’ 3 


BRIEF REPORTS: Brief Reports must be limited to no more than 3 1 
text pages and 6 references. Longer ones usually will be returned 3 
without review. Neither an abstract nor a Table of Contents miniabstract _ 2 
is required for a Brief Report. Subheadings are not used in the body of | 2 1 
the Brief Report. Ec 


LETTERS (For Publication): The author who submits a letter for * 
consideration for publication should provide a covering letter on his/her — 
own stationery to the Editor-in-Chief stating why the letter should be — iz 
published. The letter for consideration for publication should be typed, — - 
double-spaced, on a separate sheet of plain white paper and limited, — 
with few exceptions, to 2 pages. The original and 2 xerographic copies - i $ ^4 
should be submitted. A title for the letter should be provided at the top — 
of the page. At the end of the letter, the writer's full name and city and - 3 
state (or country if outside the United States) should be provided. The | rf 
author’s title and institution should not be included. The word “Refer- T 
ences” does not appear above the list of references in published letters. - E 
References should be double-spaced. A letter concerning à particular - Fo; 
article in the Journal must be received (from authors within the United | Lyn 
States) within 2 months of the article's publication. as 

REPRINTS: Price schedules and order cards for reprints are odi ; 


to the author upon publication of the article. Individual reprints must be 
obtained through the author. À 
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The AJC in December 1960 


WILLIAM C. ROBERTS, MD 


'The AJC in December 1960 contained 27 articles, in- 
cluding a symposium on monoamine oxidase inhibi- 
tors, occupying 149 pages. This piece will comment on 
] article. 

. Brockenbrough and Braunwald! from Bethesda, 
Maryland, described a technique for introducing a 





FIGURE 1. Equipment (A to D) and technique (E to G) used in the 
percutaneous method of transseptal left-sided cardiac catheteriza- 
tion. Reproduced with permission of the publisher. 
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catheter by the percutaneous method across the atrial 
septum, allowing angiography with injection of con- 
trast material into either the left atrium or the left 
ventricle. Percutaneous puncture of the right femoral 
artery was carried out with a #16 gauge needle. A 
flexible coiled spring guide was then passed into the 
vein through the needle and then the needle was re- 
moved. A radioopaque polyethylene catheter 70 cm in 
length with an internal diameter of 1.15 mm and an 
outer diameter of 2.30 mm and with a curved distal 
end was introduced over the guidewire and advanced 
well into the femoral vein. The guidewire was then 
withdrawn. To straighten the loop and to facilitate 
placing the catheter in the right atrium, a stylet of 19- 
gauge hypodermic tubing, 5 mm shorter than the cath- 
eter, was inserted into and advanced with the catheter. 
After the catheter was positioned in the right atrium, 
the stylet was replaced by a 19 gauge transseptal 
needle, 71 cm in length. When the catheter and the 
needle had been appropriately positioned against the 
fossa ovale portion of the atrial septum, puncture 
of the septum was achieved by advancing the needle 
tip. Entry into the left atrium was confirmed by 
pressure measurements and the free withdrawal of 
oxygenated blood. The catheter was then advanced 
with the needle until both were within the left atri- 
um. The catheter was then slipped over the held- 
steady needle and directed into the left ventricular 
cavity. The needle was then withdrawn. The left 
ventricular pressure was recorded and, if indicated, 
angiography performed. With this technique it made 
possible the performance of both right- and left-sided 
cardiac catheterizations using the same percutaneous 
puncture. 


Reference 


1. Brockenbrough EC, Braunwald E. A new technique for left ventricular 
engiography and transseptal left heart catheterization. Am J Cardiol 
1960;6: 1062-1064. 


FROM THE EDITOR 


Some Good Cardiologic Books 


Most publishers of medical books send recently published 
books to editors of medical journals in hopes that their books 
will be reviewed, and, of course, reviewed favorably. During 
my 42-month tenure as editor of AJC, no book reviews have 
appeared, although recently received books are listed in the 
Journal about every 3 months. Picking the best of the medi- 
cal books each year obviously is difficult. What is "best" to 
one person is not necessarily ‘‘best’’ to another. This piece 
lists a few of the better books that have crossed my editor's 
desk in 1985. 


1. Braunwald E, editor Heart Disease. A Textbook of 
Cardiovascular Medicine. 2nd ed., Philadelphia: WB 
Saunders Company, 1984:1943, $95.00. 

2. Hurst JW, ed. The Heart, Arteries and Veins. 6th ed., 
New York: McGraw-Hill Book Company, 1986:2193, 
$92.00. 

These are the 2 most important books that a cardiologist 
can own. Because the subject matter in each book is written 
by different authors and because the material in each book is 
organized and presented quite differently, it is advantageous 
to own both books. Since each has a new edition every 3 
years, it would appear most reasonable to purchase 1 book 1 
year and the other book when its new edition appears. 

The magnitude of the information presented in these 2 
books is astounding and a tribute to the writing and organiza- 
tional skills of the 2 editors. The Braunwald book weighs 
4,380 grams, contains 1,943 pages with a maximum of 
1,050 words per page, 57 chapters (25 of which were 
authored or coauthored by Braunwald) written by 51 authors, 
15,112 references, 1,193 figures and 252 tables. The Hurst 
book weighs 3,260 grams, contains 2,193 pages with a 
maximum of 850 words per page, 140 chapters (8 of which 
were authored or coauthored by Hurst) written by 183 au- 
thors, 11,083 references, 1,005 figures and 199 tables. 


3. Kirklin JW, Barratt-Boyes BG. Cardiac Surgery. Mor- 
phology, Diagnostic Criteria, Natural History, Techniques, 
Results, and Indications. New York: John Wiley & Sons, 
1986: 1572, $150.00. 
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Absolutely magnificent book! As Dwight McGoon says in 
the foreword: ‘‘Perhaps you are like me in having fancied at 
one time or another of someday being able to encompass the 
entire body of essential information of a selected specialty 


and then ‘wrap it up’ into a skillfully coordinated, comprehen- 
sive, concise compendium. Increasingly rare are the occa- 


sions when that fantasy can be transformed into reality. 
Indeed, for cardiac surgery, such an accomplishment may 
never again occur after this book. This is especially true if an 
aspiring author is also required to be a principal contributor to 
essentially every frontier of progress in the entire specialty. 
Thus, from its very inception, this book has been uni- 
que. . . . The entire expanse of cardiac surgery seems to be 
here, laid out in the same crisp, logical, fully documented 
style that we have all come to recognize and respect in the 
many other reports, lectures, and publications provided by 
these particular authors.” 

This book has only 2 authors and each chapter reflects 
their combined outstanding authority on that subject. This 


book is a must for all physicians and surgeons involved in — 
caring for persons with cardiac disease. It is one of the very — 


best medical books ever published! | confidently predict that 


another edition of it will never appear. It is a classic from the E ; 


beginning. 


4. Crawford ES, Crawford, JL. Diseases of the Aorta 


Including an Atlas of Angiographic Pathology and Surgical 
Technique. Baltimore: Williams & Wilkins, 1984: 401, 


$135.00. 
It is ideal, of course, when the recognized authority in a 


field authors a book on his (her) area of expertise. Such isthe — 
case in the above book. ‘‘Diseases of the Aorta’ is primarily — 


an atlas with magnificent color drawings by Perrin Sparks 
Smith. The drawings depict most aortic diseases, their vary- 
ing appearances, and the techniques available for their surgi- 
cal treatment. Although the book lacks computed tomogra- 
phy and echocardiographic observations, it nevertheless is 


masterful and should be owned by all surgeons who operate — 
on patients with aortic disease. What pride the senior author — 


must feel for his son to be a coauthor. 
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= 5, Wilcox BR, Anderson RH. Surgical Anatomy of the 
Heart. New York: Raven Press (published by special arrange- 
ment with Gower Medical Publishing), 1985: 148, $55.00. 

This book is a color atlas combining photographs of 
normal and congenitally malformed hearts with accompany- 
ing color and line diagrams with appropriate text. The book 
combines efforts of a cardiac surgeon (Ben Wilcox) and a 
cardiac morphologist (Bob Anderson). The result is a splen- 
did book. It actually concerns only the normal and the con- 
genitally malformed heart and therefore its title is not fully 
descriptive of its contents. This book should be in the library 
of surgeons who operate on patients with anomalies of the 
heart and great vessels. 


6. King SB Ill, Douglas JS Jr. Coronary Arteriography and 
Angioplasty. New York: McGraw Hill Book Company, 
1985:478, $70.00. 

Spencer King and John Douglas have lived in the cardiac 
Catheterization laboratory for a number of years, the last 5 of 
which were working with the late Andreas Gruentzig, and this 
book shows that they know what they were doing. 


7. Cohn PF, editor. Diagnosis and Therapy of Artery 
Disease. 2nd ed. Boston: Martinus Nijhoff Publishing, 
1985:517, $69.50. 


8. Connor WE, Bristow JD, editors. Coronary Heart Dis- 
ease. Prevention, Complications and Treatment. Philadel- 
phia: J.B. Lippincott, 1985:461, $45.00. 


9. Califf RM, Wagner GS, editors. Acute Coronary Care, 
Principles and Practice. Boston: Martinus Nijhoff Publishing, 
1985:556, $52.50. 

All 3 books are multiauthored with inherent advantages 
and disadvantages of each. None of these should be pur- 
chased until both the Braunwald and Hurst books have been 
)ought. 


10. Ellestad MH. Stress Testing. Principles and Practice. 
3rd ed. Philadelphia: FA Davis Company, 1986: 564, 
$48.00. 

Almost certainly the best book on this subject. 
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11. Feigenbaum H. Echocardiography. 4th ed. Philadel- 
phia: Lea & Febiger, 1986:685, $55.00. 

The first edition of this classic appeared in 1972 and a 
new edition has appeared every 4 or 5 years since. This new 
edition contains more 2-dimensional echocardiograms and 
also a good number of Doppler echocardiograms. This is the 
first echo book to buy. 


12. Nanda NC, editor. Doppler Echocardiography. New 
York: Igaku-Shoin, 1985:522, $55.00. 

An authoritative up-to-date book on a rapidly expanding 
subject. 


13. Wenger NK, Hellerstein HK, editors. Rehabilitation of 
the Coronary Patient. 2nd ed. New York: John Wiley & Sons, 
1984:563, $37.50. 


14. Pollock ML, Schmidt DH, editors. Heart Disease and 
Rehabilitation. 2nd ed. New York: John Wiley & Sons, 
1986:788, $47.50. 

Two good and different multiauthored books on an impor- 
tant subject. | also like the book: Peterson LH. Cardiovascular 
Rehabilitation. A Comprehensive Approach. New York: 
MacMillan, 1983:363, $48.00. 


15. Zipes DP, Jalife J, editors. Cardiac Electrophysiology 
and Arrhythmias. Orlando: Grune & Stratton, 1985:567, 
$98.50. 

A book honoring Gordon K. Moe and having 174 contribu- 
tors. 


16. Freedom RM, Culham JAG, Moes CAF. Angiocardi- 
ography of Congenital Heart Disease. New York: MacMillan, 
1984:691, $125.00. 

Surely the best book on this subject. 


Lula C E osa" 


William C. Roberts, MD 
Editor-in-Chief 
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THE ORIGIN OF GIANT U WAVES 


Giant repolarization waves such as those re- 
ported by Shimoni et al! are virtually patho- 
gnomonic of a preceding syncope.? They 
may be indistinguishable from similar 
waves occasionally seen in Romano-Ward 
syndrome, with similar postsyncopal alter- 
nans.^* I would suggest that the striking 
electrocardiographic abnormalities report- 
ed by Shimoni et al are more likely to have 
been caused by neural mechanisms than by 
the modest electrolyte disturbance docu- 
mented after the patient's syncope. The 
electrolyte-dependent QT-interval prolon- 
gation, admittedly, provoked the torsades 
de pointes observed, with syncope; but the 
ultimate electrocardiographic appearances 
should have been attributed to syncope 
itself. 
George Nikolic, MD 
Canberra, A.C.T., Australia 
9 January 1985 


1. Shimoni Z, Flatau E, Schiller D, Barzilay E, Kohn D. 
Electrical alternans of giant U waves with multiple 
electrolyte deficits. Am J Cardiol 1984;54:920-921. 

2. Schamroth L. The Disorders of Cardiac Rhythm. Ox- 
ford: Blackwell, 197 1:177. 

3. Sharma S, Nair KG, Gadekar HA. Romano-Ward pro- 
longed QT syndrome with intermittent T wave alternans 
and atrioventricular block. Am Heart J 
1981;101:500-501. 

4. Rennie JM, Arnold R. Asystole in the prolonged QT 
syndrome. Arch Dis Child 1984;59:57 1-584. 


REPLY: Giant repolarization waves, as de- 
scribed in our case report, are indeed indis- 
tinguishable from similar waves seen in Ro- 
mano-Ward syndrome with postsyncopal 
alternans. However, these waves are not ex- 
clusively pathognomonic of a preceding syn- 
cope. Lopez et al! stated that “aside from 
the T wave alternans that appears in the 
congenital long Q-T syndrome, the acquired 
-alternans has been observed in various clini- 
cal situations." Most of these "situations" 
are virtually low-serum electrolyte levels 
such as hypocalcemia, hypokalemia or hy- 
pomagnesemia. Schamroth? described giant 
repolarization waves (but without alter- 
nans) after recurrent syncopal attacks in 
patients with organic heart disease. Our pa- 
tient had no evidence of organic heart dis- 
ease when she entered the hospital, nor 
when she left it. Her striking electrocardio- 
graphic abnormalities regressed concomit- 
tantly with the gradual normalization of se- 
rum electrolyte levels. 

As for the electrolyte levels (calcium = 6.5 
mg/dl; potassium = 2.9 mEq/liter), most of 
the cases reviewed were reported to have T- 
wave alternans in association with milder 
electrolyte deficiencies.!** Moreover, Mul- 


* Letters (from the United States) concerning a 
particular article in the Journal must be received 
y within 2 months of the article's publication, and 
r should be limited (with rare exceptions) to 2 dou- 
. ble-spaced typewritten pages. Two copies must be 
submitted. 
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lican and Fisch’ reported a case of giant U 
waves with postextrasystolic alternans that 
he believed was due to potassium depletion, 
despite a low-normal serum potassium level 
(3.7 mEg/liter). He suggested that the elec- 
trocardiographic changes may be a poor in- 
dex of the plasma level of potassium. In con- 
clusion, (1) postsyncopal giant U waves 
without alternans are seen in patients with 
organic heart disease; (2) postsyncopal al- 
ternans of giant repolarization waves occurs 
in Romano-Ward syndrome, but has not 
been described in patients without any or- 
ganic heart disease; (3) the occurrence of 
episodic T (or U)-wave alternans in various 
clinical conditions suggests that several 
mechanisms may be involved®; and (4) elec- 
trolyte disturbances may cause giant U- 
wave alternans even in the absence of organ- 
ic heart disease, as described in our case 
report. 
Zvi Shimoni, MD 
Edith Flatau, MD 
Afula, Israel 
25 February 1985 


1. Lopez FN, Cinca J, Sanz G, Periz A, Margina J, Betrin 
A. Isolated T wave alternans. Am Heart J 
1978;95:369-374. 

2. Schamroth L. The disorders of cardiac rhythm. Ox- 
ford:Blackwell, 197 1:177. 

3. Kimura E, Yoshida K. A case showing electrical alter- 
nans of the T wave without change in the QRS com- 
plex. Am Heart J 1963;65:39 1-395. 

4. Bashour T, Rios JC, Forman PA. U wave alternans and 
increased ventricular irritability. Chest 
1973;64:377-383. 

5. Dolara A, Pozzi L. Electrical alternation of T waves 
without change in QRS complex. Br Heart J 
197 1;33:161-163. 

6. Luomanmaki K, Keikkila J, Hartikainen U. T wave 
alternans associated with heart failure and hypomag- 
nesemia in alcoholic cardiomyopathy. Eur J Cardiol 
1975;3: 167-170. 

7. Mullican WS, Fisch C. Postextrasystolic alternans of 
the U wave due to hypokalemia. Am Heart J 
1964;68:383-386. 

8. Schwartz PJ, Malliani A. Electrical alternans of the T 
wave: clinical and experimental evidence of the rela- 
tionship with the sympathetic nervous system and with 
the long Q-T syndrome. Am Heart J 1975;89:45-50. 


ICE-WATER WASHCLOTH RATHER 
THAN FACIAL IMMERSION 
(DIVING REFLEX) 

FOR SUPRAVENTRICULAR 
TACHYCARDIA IN ADULTS 


We read the letter of Sacks and Smith! in 
which they described ice-water washcloth 
treatment of supraventricular tachycardia 
(SVT) in infants. At about the same time we 
read the letter, we treated a 45-year-old man 
in whom SVT developed. When we saw him 
in the emergency room the SVT (rate 180 
beats/min), which he experienced for the 
first time, had lasted for about 2 hours and 
he had received no treatment. We tried the 
"diving reflex" as the initial treatment. 
When the patient sat up in bed for facial 
immersion many artifacts appeared on the 
monitor screen. To avoid these artifacts, a 
washcloth was immersed in ice-water for 
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'experience suggests that an ice-water cloth | 


several minutes, wrung-out and applied to 
the patient's face after he assumed the re- 
cumbent position. The patient was instruct- 
ed to hold his breath in inspiration. Twenty - 
seconds later sinus rhythm appeared on the » i 
monitor screen and on the electrocardio- _ 
graphic strip. SVT did not recur. Prophylac- | 
tic verapamil was prescribed and he was dis- | 
charged 24 hours after the episode. This - 



















applied for a brief period to the face of an - 2 
adult with SVT may safely and effectively. 3 i 

restore sinus rhythm. A á X 

Sedat Tavşanoglu, MD 

Edip Özenel, “MDO y 

Istanbul, Turkey AS 

4 February 1985 _ Me 

1. Sacks LM, Smith RM. Ice-water NONEM A i 


facial immersion (diving reflex) for supraventricular tachy- NUS. 
cardia in infants [letter]. Am J Cardiol 1984;53:988. = 


POSTEXTRASYSTOLIC 
POTENTIATION DURING ACUTE 
MYOCARDIAL INFARCTION: 
PREDICTING PRESENCE OF — 

VIABLE MYOCARDIUM | 


The study of Hodgson et al! suggests that 

postextrasystolic potentiation (PESP) may - n. 
be useful during acute myocardial infarction | 
(AMI) as a marker of ischemic but viable _ 
myocardium that may be salvaged by reper- __ 
fusion. However, data from our laboratory? 
suggest alternative explanations of their 
findings. First, Figure 2 in their study im- — . 
plies that as a group, the ischemic segments — 
had greater PESP than nonischemic seg- __ 
ments. Although raw data are not present- — - 
ed, it appears that the function of some of — 

the nonischemic segments may have deteri- 
orated with premature stimulation. These 
findings have not been observed in experi- _ 

mental preparations using scone | 
crometers? and 2-dimensional echocar- ; Y 
diography* and suggest that the dem HR 


importantly influenced by the no : 
floating axis angiographic analysis of endo- — 4 
cardial motion used by the investigators. ^ 
Second, their method of regional analysis — 
divided the ventricle into 3 large areas,  - 
which may have concomitantly embraced _ 
both ischemic and nonischemic zones. Be- _ 
cause the study was of ventricular function __ 
only, conclusions regarding the state of ische- — — 
mia of myocardium demonstrating PESP — 
can only be inferred. Was this myocardium — 
truly ischemic and did salvage of it by reper-: Y à 


observed? '*"Tethering" or dyskinesia of 2 | 
nonischemic regions adjacent to ischemic — - 
regions has been well described in experi- 
mental animals? and humans.® Our study, f 
which used contrast 2-dimensional echocar- 3 
diography to delineate the region at r 
also demonstrated tethering of nonischemic ore 

myocardium and, furthermore, localized the 
PESP response to these regions. PS was -— 
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ost in the central 50% of the region 
fter only 5 minutes of ischemia and was lost 
n the remainder of the region at risk after 
0 minutes of ischemia. From 30 minutes on, 
he only dyssynergic regions demonstrating 
ESP were the nonischemic, nonjeopar- 
lized regions bordering the infarct zone. 
"his is not to say that ischemic myocardium 
annot show persistent PESP*; however, the 
everity of ischemia in these regions is prob- 
bly no worse than moderate and may not 
ie of sufficient degree to produce significant 
afarction. In any case, such myocardium 
ccupies only a small minority of the region 
t risk in the usual canine infarction. Most 
f the region at risk of AMI, even though 
till viable, did not demonstrate PESP in 
ur study. Our data suggest caution in ap- 
lying PESP to determine whether patients 
re candidates for an intervention during 
MI. 

Finally, our analysis of the tethered non- 
schemic adjacent zones suggests an alterna- 
ive explanation for the late improvement in 
egions demonstrating PESP during AMI 
een by Hodgson et al.! We found a tenden- 
y for improvement in unstimulated systolic 
hickening in tethered zones over the 6-hour 
uration of our experiment. These data sug- 
est that the late improvement in function 
een by Hodgson et al was not necessarily 
ue to salvage of ischemic myocardium but 
aay reflect a natural tendency of dysfunc- 
ional tethered myocardium to improve in- 
ependent of intervention. 


Thomas Force, MD 

Andrew J. Kemper, MD 
Alfred F. Parisi, MD 

West Roxbury, Massachusetts 
28 January 1985 
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1984;54:1237- 1244. 

. Force T, Kemper AJ, Cohen C, Parisi AF. Early loss of 
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myocardium. Circulation 1985;7 1:602-609. 

. Crozatier B. Relations between myocardial blood flow 
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occlusion in dogs. Circulation 1982;66:938-944. 

Sakamaki T, Corday E, Meerbaum S, Torres MAR, 

Fishbein MC, Y-Rit J, Aosaki N. Relation between 
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cardiography. JACC 1983;2:52-62. 

. Kerber RE, Marcus ML, Ehrhardt J, Wilson R, Abboud 
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perfusion. Circulation 1975;52:1097- 1104. 

. Weiss JL, Bulkley BH, Hutchins GM, Mason SJ. Two- 

. dimensional echocardiographic recognition of myocar- 
dial injury in man: comparison with postmortem stud- 
ies. Circulation 1981;63:401—408. 


tEPLY: The intent of our study was to 
letermine if interventional ventriculog- 
aphy could provide useful predictive data 
oncerning changes in left ventricular wall 
aotion after successful thrombolytic coro- 
ary reperfusion. Analyzing both collateral 
low and PESP allowed us to identify 76% of 
egments that had improved regional wall 
notion after successful, sustained reperfu- 
ion. Force et al are correct in pointing out 
hat we have not conclusively demonstrated 


at risk 


that the mechanism for chronic improve- 


ment in these segments is related to salvage 
of ischemic myocardium. This can only be 
accomplished by evaluating reperfusion in 
this subgroup of patients in a prospective 
randomized study. 

Regional wall motion was determined us- 
ing an area ejection fraction to overcome the 
poor reproducibility of other quantitative 
programs.! Sheehan et al? confirmed our 
findings using a centerline method of re- 
gional wall motion analysis.? They have fur- 
ther confirmed that compensatory hyper- 
kinesia decreases in the nonischemic 
segments in the postextrasystolic beat.? 

Experimental studies provide conflicting 
data concerning the presence of PESP in 
ischemic myocardium. Boden et al* and Sa- 
kamaki et al? demonstrated PESP to be 
maintained in ischemic myocardium up to 4 
hours after coronary occlusion. Crozatier et 
al® and Force et al? conversely suggest that 
PESP is abolished within 5 minutes of coro- 
nary occlusion. These discrepancies may be 
explained by the methods used to measure 
wall motion. Strain gauges and 2-dimen- 
sional echocardiographic measurements, re- 
flecting subepicardial and transmural wall 
motion, demonstrate that PESP is main- 
tained. Ultrasonic crystals that reflect sub- 
endocardial wall motion demonstrate the 
loss of PESP early after occlusion. These 
findings suggest to us that the central, maxi- 
mally ischemic zone rapidly loses inotropic 
reserve and rapidly undergoes myocardial 
necrosis. Myocardium with less severe isch- 
emia, such as the subepicardium, has PESP 
maintained during prolonged ischemia. 

Our findings suggest that interventional 
ventriculography accurately identifies mar- 
ginally ischemic myocardial segments where 
thrombolytic reperfusion is most likely to 
result in myocardial salvage. 


William W. O'Neill, MD 
Ann Arbor, Michigan 
28 February 1985 
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CORONARY ANGIOPLASTY IN 
MYOCARDIAL INFARCTION 


The report by Papapietro et al! on percuta- 
neous transluminal coronary angioplasty 





(PTCA) after administration of intracoron- 
ary streptokinase ignores the previous stud- 
ies on this subject. To our knowledge, Meyer 
et al? first described the feasibility of PTCA 
in the setting of acute myocardial infarction 
(AMI) along with the clinical results in a 
group of 21 patients. This article was fol- 
lowed by a case report from our institution.? 

Because reocclusion of the infarct-related 
vessel occurred in 4 of the 13 patients suc- 
cessfully dilated, Papapietro and associates! 
concluded that PTCA may not prevent 
rethrombosis. This is at variance with our 
finding*: The reocclusion rate demonstrated 
by angiography before discharge was re- 
duced from 17% to 7% when PTCA was per- 
formed immediately after thrombolysis in 
the presence of a severe residual stenosis 
(5896 diameter stenosis, as assessed from 
quantitative coronary angiography). This 
discrepancy can be explained by (1) the 
small numbers in both studies, and (2) the 
higher reocclusion rate after dilatation of a 
totally occluded vessel as in 2 of their cases.5 
Another major issue is the selection criteria 
for this procedure. Less severe underlying 
stenoses (50% diameter reduction) are not 
infrequent after thrombolysis (in one-third — 
of the patients in our series*). By analogy 
with P'TCA in stable angina, dilating mild 
lesions might expose the patients to the un- 
necessary risk of restenosis. Furthermore, 
the incidence of restenosis and reinfarction 
are clearly related to the severity of the re- 
sidual obstruction.” Thus, selection of the 
patients should be based on objective crite- 
ria rather than on visual evaluation of the 
angiograms. These and many other issues 
need to be addressed before the role of 
PTCA in the management of patients with 
AMI can be established. 


William W. Wijns, MD 

P. W. Serruys, MD 
Rotterdam, The Netherlands 
7 February 1985 
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MULTIPLE RISK FACT OR 
INTERVENTION TRIAL 


'The Multiple Risk Factor Intervention Tri- 
al Research Group presented a detailed and 
much needed further explication of their re- 
sults, in particular the relation of baseline 
electrocardiographic abnormalities at rest 
and mortality.! Their results appear to show 
an excessive relative risk (1.67) for the spe- 
cial intervention (SI) group among those 
who had both an abnormal electrocardio- 
gram at rest and systemic hypertension. In 
fact, as seen at the bottom of Table II, this is 
the only 1 of the 4 possible combinations of 
electrocardiograms and blood pressure at 
rest that was clearly against the SI group. 
(All nonhypertensive and hypertensive pa- 
tients without baseline electrocardiographic 
abnormalities showed differences in the op- 
posite direction). The investigators ascribed 
this mainly to sudden death within the first 
hour and invoked the presence of certain 
medications in the SI group. They further 
report that by Cox regression the difference 
between men with and without electrocar- 
diographic abnormalities at rest is “nomi- 
nally significant (p = 0.02)." 
I wonder if the significant-appearing dif- 
ference is clinically significant? After all, p 
values are merely indications of the strength 
of the evidence against the null hypothesis 
(no treatment difference) and cannot be 
- considered as direct proof of a treatment 
effect. Moreover, a statistical evaluation for 
interaction in the 4 subgroups under consid- 
eration may or may not support the null 
hypothesis. As a non-statistician I would not 
wish to attempt this, but the authors may 
wish to examine that aspect. 


David H. Spodick, MD, DSc 
Boston, Massachusetts 
18 February 1985 
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REPLY: We appreciate Spodick's com- 
ments. He has accurately summarized the 
main between-group (SI/Usual Care) find- 
ings we reported, and poses 2 further ques- 
tions. To address first his second and more 
straightforward question: We had previous- 
ly tested the 4-group interaction, and it does 
not reach conventional statistical signifi- 
cance (p = 0.12). Because this and a number 
of other analyses presented are not nominal- 
ly significant, we would rephrase his other 
question as follows: If the adverse effect is 
real (e.g., not due to random error), is it of a 
magnitude to be clinically significant? We 
would be inclined to answer in the affirma- 
tive: A relative risk of 1.67 for coronary ar- 
tery disease mortality or a relative risk of 
2.34 for sudden death would be clinically 
significant. Whether the adverse effect is 
real is best answered by replication in other 
- clinical trials. The available analyses from 2 
previous trials show trends similar to the 
- findings of the Multiple Risk Factor Inter- 
- vention Trial for their coronary end points, 
but again, no definitive results.” Thus, for 


now, determination of the significance of - 


these observations will have to rest on clini- 
cal judgment. 


Jeffrey A. Cutler, MD, MPH 
Bethesda, Maryland 

James D. Neaton, PhD 
Minneapolis, Minnesota 

for the MRFIT Research Group 
6 April 1985 
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ASSESSMENT OF AMRINONE 


I am pleased that Firth et al! completed 
their study comparing the inotropic and va- 
sodilator effects of amrinone and isoproter- 
enol. In May 1982, my co-workers and I 
studied the first patient of a group in whom 
we intended to compare these 2 agents. This 
and other trials of amrinone in our laborato- 
ry were cut short when the drug manufac- 
turers unilaterally and without warning 
removed stocks of the drug held in our hospi- 
tal on June 11, 1982. The removal of the 
drug by the pharmaceutical company oc- 

curred 1 week after I had presented at the 
Royal Society of Medicine preliminary data 
on the hemodynamic effects of intracoro- 
nary amrinone? and the effects of amrinone 
on isolated human myocardium and ves- 
sels.? 

The study by Firth et al is yet another 
example in which investigators have failed 
to confirm that amrinone has positive ino- 
tropic effects. 

According to the prescribing information 
on amrinone (Inocor®) supplied in the USA 
by its manufacturers (Winthrop-Breon), 
*amrinone lactate, represents a new class of 
cardiac inotropic agents ... indicated for 
the short term management of congestive 
heart failure." The data do not support 
many of the claims made by the manufac- 
turers about this drug. In particular, the evi- 
dence does not support the view that amri- 
none is a positive inotropic agent in patients 
with congestive heart failure. 

The drug may or may not be a positive 
inotropic agent in normal animals, animals 
with heart failure or humans without heart 
failure. This does not matter to the clini- 
cian. The drug may have effects on filling 
pressures and cardiac index in patients with 
heart failure as do all other vasodilators, and 
most are safer than amrinone. For the man- 
ufacturers to claim that a drug is an ino- 
tropic agent for use in patients with heart 
failure, they must show that it improves 
contractility in patients with heart failure, 
and drug-licensing authorities should be 
certain that they have adequately demon- 
strated the proof. 

There are only 9 studies relevant to 
whether or not amrinone is a positive inotro- 
pic agent in patients with impaired left ven- 
tricular function.-? Three studies * 9 did 
demonstrate an increase in dP/dt max after 
the drug. However, these studies were small, 












did not seek to abana dona )nse - 
relation of altered contractility with seri d ry 
doses of the drug and were biased towai AM 
finding an increase in contractility by vie | 
tue of their design as we have previo 
discussed.’ Bie 
There have been 4 studies,.?-? each with E y 
larger numbers of observations, in which a > 
dose-response relation was sought. No evi- . 
dence was found that amrinone improved - 
many of indexes of contractility. Two stud- D. 
ies compared amrinone with intravenous ĝ- — 
adrenergic agonists and found that amrin- if 
one produced no change in contractility, but — l 
dobutamine and isoproterenol! produce d ay 
dose-related increases. Another study com- das 
pared amrinone with the pure vasodilator, - 
nitroprusside, and found no significant. dif- 
ference.’ In this study, increases in cot trae m Ns s 
tility after amrinone administration in a few — 
patients were related to metabolic changes S 
which suggested that they were the result of - MN 
catecholamine release. Such catecholamine — 
release commonly occurs with phosphodies- - 
terase inhibitors like amrinone. Further- E 
more, amrinone does not alter the left - 
ventricular end-systolic pressure-volume - UB 
relation.’ M 
Intracoronary infusions of amrinone? and | y^ 
a study that investigated the effect of am- V ^3 
rinone on isolated human myocardium? "m 
do not suggest that amrinone has a poi b 
tive inotropic effect in patients with cardiac | 
failure. eae oa 
It is therefore difficult to understand how | 
amrinone has attained an undeserving repu- 
tation as an inotropic agent in patients with 
heart failure and why drug licensing we 
thorities have been prepared to accept inad- i 
equate proof of efficacy. TN S 
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Peter Wilmshurst, MRCP a 
London, UK - x 
16 April 1985 . 
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. .. EVALUATION OF CORONARY 
Es COLLATERAL CIRCULATION 
43 A recent study by Elayda et al! discussed 
e the relation between angiographic quality of 
— coronary collateral circulation and preser- 
vation of left ventricular (LV) segmental 
-. wall motion. Analysis of LV regions sup- 
i plied by 190 totally occluded arteries re- 
= vealed no significant contractility differ- 
E ences between regions supplied by “good” 
- collaterals and those supplied by “poor” col- 
-laterals This conclusion differs substantial- 
ply from that drawn by an article? of mine in 
1974, which concluded that segmental LV 
wall motion was significantly better in those 
"T areas supplied by good collaterals. The rea- 
son for this difference is, I believe, that 
= Elayda et al used inappropriate criteria in 
m lclog the adequacy of collateralization. 
-. There is no doubt that it is difficult to 
angiographically gauge the quality of coro- 
— nary collateral circulation. We lack a reli- 
— able quantitative method of accomplishing 
. this, and therefore most such judgments end 
up being subjective. In my earlier study, I 
1 used the angiographic caliber of the distal 
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segment of the occluded coronary artery as 
_ the primary criterion for determining ade- 
— quacy of collateralization. This was based 
on the assumption that if the distal segment 
| receives inadequate collateral flow, it will be 
derfilled and will therefore constrict. One 





e can frequently observe the converse of this 
E - situation—that when normal flow is re- 
ae stored to such a vessel by coronary bypass, 
the distal segment dilates back up to its 
3 original caliber. Elayda et al instead used 
. the degree of opacity of the distal segment 
as their sole criterion of collateral adequacy. 
1 In their study, collaterals were considered 
. “good” if the opacity of the distal segment 
k was 50% or more of the proximal segment, 
- and “poor” if the opacity of the distal seg- 
. ment was less than 50% of the proximal seg- 
. ment. Of all the criteria one might choose to 
- evaluate adequacy of collateralization, this 
. seems to be the least reliable. The opacity of 
. the distal segment of an obstructed coro- 
. nary artery is directly related to the concen- 
- tration of contrast material in the blood 
f reaching that distal segment through collat- 
i - eral flow. If, as is frequently the case, a distal 
je segment receives collateral flow from both 
75 the right and left coronary systems, its opac- 

- ity will virtually always be reduced for the 
ji simple reason that coronary arteriography is 
lait performed by injecting only a single coro- 
- nary artery at a time. For example, assume a 
| sin with a dominant right coronary sys- 
tem has complete obstruction of the mid- 
right coronary artery, with well-developed 
collaterals supplying its distal segment from 
both the proximal portion of the right coro- 
ary artery and branches of the left anterior 
Kidea descending and circumflex arteries. During 
Ait right coronary arteriography in such a case, 
` the distal right coronary segment will ap- 
pear poorly opacified because of inflow of 
. unopacified blood from the branches of the 
left coronary system. On the other hand, 


ees one performs a left coronary arterio- 
A am in this patient, the distal right coro- 






T nary artery will again appear poorly opaci- 


fied because of inflow of unopacified blood 
from the proximal right coronary artery. 
Thus, although collateral circulation might 
be excellent in such a case, it would be clas- 
sified as poor, using the criteria of Elayda et 
al, because of reduced opacity of the distal 
segment. There are other radiographic 
problems as well—variations in optical den- 
sity of the cine film related to function of the 
automatic brightness control of the genera- 
tor, presence or absence of soft tissue shad- 
ows caused by the diaphragm or patient 
habitus, etc. In view of this fallacious selec- 
tion of criteria for assessing collateral quali- 
ty, it is doubtful that their conclusion is jus- 
tified. The authors cite a number of other 
supporting references; however, all of these 
were published before 1974 and many used 
similarly questionable methods of evalua- 
tion of collateral circulation. 

Since publication of my article in 1974, 
other studies have been reported? which 
support the concept that collateral circula- 
tion does exert a protective role in preserva- 
tion of LV myocardial viability and contrac- 
tility. This does not imply, however, that 
collaterals can completely ameliorate the ef- 
fects of myocardial ischemia or provide ab- 
solute protection against the development 
of myocardial infarction. 

David C. Levin, MD 
Boston, Massachusetts 
1 March 1985 
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FREQUENCY OF PERICARDIAL 
EFFUSION BY M-MODE 
ECHOCARDIOGRAPHY AFTER 
ACUTE MYOCARDIAL INFARCTION 


Kaplan et al! made a substantial contribu- 
tion to the understanding of pericardial in- 
volvement during acute myocardial infarc- 
tion. I have several questions including 
some points that they might wish to amplify 
to elucidate the message of their very worth- 
while investigation. Although the text is 
carefully worded and I think no critical 
reader could make many misinterpreta- 
tions, I wonder if pleuritic pain is enough of 


a criterion to decide that a patient has peri- 


enu Like Kaplan et al, we Vae E see 
such pain, but usually without a pericardial 
rub (which we use to confirm the diagnosis) 
and, of course, nearly always in the absence 
of a diagnostic electrocardiogram.? This re- 
port, in common with so many others, omits 
electrocardiographic changes and I assume 
that these were either rare or nonexistent. 
Indeed, there is no reason why this kind of 
pericarditis—limited to the infarct —should 
be associated with a typical ubiquitous ST- 
T elevation. Without a pericardial rub, 
therefore, pleuritic pain equally might rep- 
resent pleuritis or pulmonary embolism, 
thus, the question arises: How many pa- 
tients had signs of pleural effusion either on 
chest x-ray or in the echocardiogram? Ka- 
plan et al themselves raise the question of 
epicardial fat being responsible for over- 
diagnosis of pericardial effusion and, of 
course, this could not be verified without a 
CT scan. Some smaller effusions could be 
due to congestive heart failure and one won- 
ders about that datum among their patients. 
Their results with the distribution of peri- 
cardial rubs, site of infarction, and Q wave 
versus non-Q infarct are in accordance with 
ours.? On the other hand, there was an un- 
usual predominance of female patients (10 
of 16) among the patients with pericardial 
effusion, although the overall male domi- 
nance in pericarditis (27 of 16) was evident. 
Finally, of the small group that had pericar- 
dial rubs (8 of 43), how many were women? 
These remarks are made to seek amplifi- 
cation rather than as direct criticism of a 
highly instructive, valuable investigation. 
David H. Spodick, MD, DSc 
Worcester, Massachusetts 
4 March 1985 
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REPLY: Spodick's comments on our study 
are appreciated and raise a number of inter- 
esting questions. We agree that the cause of 
pleuritic chest pain after acute myocardial 
infarction (AMI) may be difficult to discern. 
In our diagnosis of clinical pericarditis, we 
included only patients with pleuritic pain 
that was clearly lessened by sitting up. None 
of our patients had pleural effusions, evi- 
dence of pulmonary emboli or chest wall 
tenderness. Likewise, no patient had elec- 
trocardiographic changes suggestive of peri- 
carditis. Given the evanescent nature of 
pericardial friction rubs, in the setting of 
AMI we believe it is justifiable to diagnose 
clinical pericarditis by the presence of a 
classical symptom complex only. In our re- 
port 8 of the 12 patients with a diagnoses of 
pericarditis had rubs. 

Our results suggest that the presence or 
absence of a pericardial effusion on M-mode 
echocardiography is not helpful in the dif- 
ferential diagnosis of pleuritic chest pain, 
probably because the pericarditis of myo- 
cardial infarction is a localized area of in- 
flammation that may not be picked up by 
this limited technique and because there 
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may well be other causes for the presence of 
a pericardial effusion. For example, we 


agree with Spodick that some pericardial 
effusions after AMI may be a manifestation 
of congestive heart failure. This is indirectly 
supported by our finding that pericardial 
effusions are associated with a higher Killip 
classification and greater creatine phospho- 
kinase release. 

- We share Spodick's interest in the greater 
frequency of pericardial effusions in females 
(10 of 16) vs males (6 of 27). This may reflect 
the finding of the Framingham study, that 
posterior extra echocardiographic spaces 
are present more often in women than in 
men.! We found a similar percentage of 
pericardial rubs in women (3 of 16) and men 
(5 of 27), but the numbers are too small to 
make conclusions with regard to differences 
in frequency between sexes. 


Kerry Kaplan, MD 
Richard Davison, MD 
Chicago, Illinois 

27 March 1985 
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SUBCRITICAL CORONARY 
STENOSIS 


The study by Brown et al! does not address 
a few points. Although the data are present- 
ed as if 2 groups of patients were being com- 
pared (the separating point being 20% coro- 
nary stenosis), 78 patients in the second 


group consisted of 74 persons with normal 


coronary arteries. These 74 therefore cannot 
be considered patients, and the numbers to 
be used for comparison should be 22 and 4, 
not 22 and 78. Even if the group of 74 per- 
sons comprised a subset of patients with 
heart disease not related to coronary steno- 
sis and could still result in an abnormal thal- 
lium scan (which the authors do not elabo- 
rate on), they would still be comparing 2 
different etiologic factors. 

Currie et al? demonstrated that supine 
exercise is much more likely to result in a 
positive electrocardiographic stress test at a 
smaller workload than upright exercise; 
such a positive study revealed greater ST- 
segment deflections than the upright group. 
The study by Brown et al used both forms of 
exercise and used different end points 
(chest pain for upright and fatigue for su- 
pine exercise). With so many variables, they 
are not justified in reaching the conclusion 
that the 2 methods did not differ with re- 
gard to results. 

Patients with “stress-induced” chest pain 
(as opposed to chest pain elicited on the 
treadmill) are described as having a higher 
incidence of abnormal thallium scans than 
those without. This contradicts their Meth- 
ods section, which states that these were 100 
consecutive patients who were studied be- 
cause of chest pain. Were these patients’ 
pain not related to exertion, was coronary 
spasm considered, and was ergonovine prov- 
ocation study performed? 

As an angiographer, I always maintain 
that visual “reading” of an angiogram may 
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underestimate the Saioko significance 

of a lesion. However, I do not think that 

Brown et al proved that fact using their 
data. 

Murthappa N. Prakash, MD 

Bronx, New York 

5 March 1985 
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REPLY: Our study did not simply compare 
exercise thallium-201 imaging in 2 groups of 
patients with «5096 coronary stenosis. The 
primary analysis of data used stepwise logis- 
tic regression which examined multiple pa- 
tient variables. This analysis demonstrated 
that percent maximal angiographic stenosis, 
as a continuum, was a significant determi- 
nant of a positive thallium study. When pa- 
tients were divided into 2 groups, somewhat 
arbitrarily by their maximal narrowing, we 
found that those with >20% maximal steno- 
sis had a higher incidence of positive thalli- 
um tests than those with <20%. Our obser- 
vation that thallium defects corresponded 
to the myocardial territory supplied by the 
coronary artery with <50% stenosis sup- 
ports our contention that such apparently 
minor angiographic disease may have true 
hemodynamic impact. We see no reason to 
separate further those with <20% stenosis 
from those with apparently entirely normal 
coronary arteries. In fact, resolution of qual- 
itative angiography is probably inadequate 
to distinguish such groups reliably. All per- 
sons had presented for evalution of chest 
pain severe enough to warrant catheteriza- 
tion and can be considered “patients,” and 
not necessarily representative of a normal 
population. 

We agree that data exists suggesting that 
supine vs upright exercise may influence 
stress-induced electrocardiographic 
changes in patients with coronary artery 
disease. However, as indicated in Table I of 
our study, we found no difference in electro- 
cardiographic ischemia, frequency of reach- 
ing 85% maximal predicted heart rate or 
several other important patient variables 
between supine vs upright stress. Further- 
more, method of exercise was not a predictor 
of thallium defect when analyzed using lo- 
gistic regression. Finally, the endpoint for 
both upright and supine exercise was fa- 
tigue. For all these reasons, we felt justified 
in pooling the data. 

“Stress-induced chest pain," typical or 
atypical for angina pectoris, refers specifi- 
cally to chest pain elicited during the tread- 
mill or bicycle exercise. All patients were 
brought to medical attention because of pre- 
vious complaints of chest pain. 


Kenneth A. Brown, MD 
Burlington, Vermont 
Robert D. Okada, MD 
Boston, Massachusetts 
10 April 1985 
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COLD-INDUCED IMMERSION INJURY - eS | E 


Campbell and Jewitt! report a rare episode - Y 
of frostbite in a 46-year-old woman during a NU. 
cold pressor test—hand immersion to the 2x 
wrist in 0-degree iced water for 4.5 minutes.  — 
From “first hand" experience, 4.5 minutes — 
in 0-degrees water is a very painful stimulus. 
It is unclear why 4.5 minutes was the end- 
point of the cold pressor test since physio- 
logic endpoints were not specified. After — 
performing over 100 cold pressor tests?4 
(applying crushed ice to the hand and fore- — — 
arm or immersing the hand in iced water 
and terminating the test when mean arterial 
pressure increased at least 10 mm Hg, in all _ 
cases less than 3 minutes), our study teams 
have never observed local complications. Al- 
though cold pressor testing is not standard- 
ized, cardiologists should identify an end- 
point, such as change in mean arterial pres- = 
sure, to limit cold exposure and minimize 
patient discomfort. 2 
We agree with the authors’ speculation — - 
that 8-adrenergic blockade may exaggerate "m 
cold pressor test responses.? GA 
Morton J. Kern, MD — l 
San Antonio, Texas 
12 March 1985 > 
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CORONARY ARTERY OCCLUSION 
SEVEN WEEKS AFTER 
ANGIOPLASTY SUCCESSFULLY 
MANAGED WITH REPEAT 
EMERGENCY ANGIOPLASTY 
We read with interest the study of Materne — 
et al.! We wish to report our own experience — 
which further illustrates the unstable na- — 


ture of an occluded artery treated with an- - 
gioplasty, and its successful management. - d | 






A 52-year-old woman underwent elective — 
coronary angiography for angina pectoris. — Lam 
A60% midright coronary artery (RCA) ste- 
nosis diameter reduction was followed by a — . 
99% stenosis (Fig. 1A). Percutaneous — 
transluminal coronary angioplasty — 
(PTCA) was electively scheduled for the 
next morning. Earlier PTCA intervention, 
however, became mandatory with the onset 
of severe chest pressure and acute inferior 
ST-segment elevation. This was 7 hours af- 
ter initial elective angiography. A totally | i 


(Fig. 1C), Boina a 10% stenosis at the rite : 
of earlier occlusion, and the more proxima 
60% stenosis noted above. Total ua 
peaked at 107 IU/liter. The patient was 
discharged taking aspirin, dipyridamole | 
and nifedipine. 


— Teo *71—— EUR — TERMS m RAE R P ee oe oe es oe ———— TENE Ty 4M A TNS ORT oe oe 
AC EST TNT EL S ar Eoi Oo MPEG J PERE er Ey a hy ^ VOSTRA pw r , Ei SIPEG Te , +f qu » iar d 
ee ] des. X au TE rm tn ff `- T AA sa 7 5 “+ d ` 
st ] "i E L3 hn os R 


ny 


FIGURE 1. A, initial diagnostic angiogram of right coronary artery (left 
anterior oblique view) showing 60% stenosis (small arrow) and 99 % 
stenosis (large arrow). B, right coronary angiogram (left anterior 
oblique view) showing acute occlusion of right coronary artery on 
evening of first hospital day. C, right coronary angiogram (left anterior 
oblique view) immediately after initial emergency percutaneous 
transluminal coronary angioplasty. D, 2 weeks. Right coronary angio- 
gram (left anterior oblique view) after angioplasty of more proximal 
60% stenosis. E, 7 weeks. Right coronary angiogram (left anterior 
oblique view) showing complete coronary occlusion at time of re- 
study. F, right coronary angiogram (left anterior oblique view) immedi- 
ately after repeat emergency percutaneous transluminal coronary 





Two weeks later, the patient was read- 
. mitted with recurrent angina at rest. Re- 
_ peat angiography was unchanged in com- 
parison to the post-angioplasty injections. 
- Admission symptoms prompted angio- 
plasty on the proximal 60% stenosis. This 
was reduced to a 10% stenosis, and the ear- 
lier angioplasty site remained widely pat- 
ent (Fig. 1D). Previous medications were 
continued and the patient was discharged 
in satisfactory condition. 

Seven weeks after the initial presenta- 
tion, the patient was seen in the emergency 
room for acute, severe chest pressure, again 
associated with inferior ST-segment eleva- 
tion. Angiography was repeated, and dem- 
onstrated total RCA obstruction at the site 
. of the initial angioplasty (Fig. 1E). A 10% 


angioplasty. 


narrowing also was present at the more 
proximal PTCA site. Angioplasty was suc- 
cessfully repeated at the obstruction (Fig. 
1F), and the total duration of chest pain 
was 2 hours. Intracoronary streptokinase 
(25,000 U) was administered to deter recur- 
rent RCA thrombosis. The peak CK was 266 
IU/ liter. Radionuclide ventriculography at 
rest was performed 2 days later. The left 
ventricular ejection fraction was 61% and 
there were no regional wall motion abnor- 
malities. Platelet aggregation studies and 
antithrombin III levels were normal. The 
patient continued to receive full-dose hep- 
arin therapy, and later therapy was con- 
verted to oral warfarin. Other discharge 
medications included dipyridamole and 
high-dose nifedipine. 


This patient demonstrates that repeat 
coronary angioplasty may be successfully 
used for acute recurrent coronary arterial 
occlusion. Interim angiography confirmed 
arterial patency, and also in Materne's pa- 
tient. Nonetheless, this was not predictive 
of a long-term satisfactory course. 


Daniel |. Woronow, MD 
Bruce W. Zinsmeister, MD 
Joseph Lindsay, Jr., MD 
Washington, D.C. 

14 March 1985 
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After a nitrate, 
add ISOPTIN 


(verapamil HCI/Knoll) | 





To protect your patients, as well as their quality of life, $ 
add Isoptín instead of a beta blocker. 3 
| 


Fist Isoptin not only reduces myocardial oxygen demand 
by reducing peripheral resistance, but also increases coro- 
nary perfusion by preventing coronary vasospasm and a, 
dilating coronary arteries — both normal and stenotic. 
These are antianginal actions that no beta blocker 
can provide. 

Second, Isoptin spares patients the 
beta-blocker side effects that may — ii | | 
compromise the quality of life. See | | : 

With Isoptin, fatigue, bradycardia and mental 
depression are rare. Unlike beta blockers, 
Isoptin can safely be given to patients with 
asthma, COPD, diabetes or peripheral 
vascular disease. Serious adverse 
reactions with Isoptin are rare 
at recommended doses; the 
single most common side 
effect is constipation (6.3%). 

Cardiovascular contra- 
indications to the use of 
Isoptin are similar to those 
of beta blockers: severe 
left ventricular dysfunction, 
hypotension (systolic pres- 
sure «90 mm Hg) or cardio- 
genic shock, sick sinus syndrome 


(if n artificial poama IS Qnm : ISOPTIN. Added 
- or third- AV | ; ; ; 

Ry as via tin a Nesta is not PME add antíangínal protection 

Isoptin... for more comprehensive antianginal without beta-blocker 


protection without side effects which may 


cramp an active life style. side effects. 
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Please see brief summary on following page. 





(verapamil HCI/Knoll) 


EF 80 mg and 120 mg scored, film-coated tablets 


. Contraindications: Severe left ventricular dysfunction (see Warnings), hypo- 
-tension (systolic pressure < 90 mm Hg) or cardiogenic shock, sick sinus syn- 
i drome (except in patients with a functioning artificial ventricular pacemaker), 
— . 2nd- or 3rd-degree AV block. Warnings: ISOPTIN should be avoided in patients 
— . With severe left ventricular dysfunction (e.g., ejection fraction < 30% or 
.. moderate to severe symptoms of cardiac failure} and in patients with any 
_ degree of ventricular dysfunction if they are receiving a beta blocker. (See 
~ Precautions.) Patients with milder ventricular dysfunction should, if possible, be 
- controlled with optimum doses of digitalis and/or diuretics before ISOPTIN is 
-. used. (Note interactions with digoxin under Precautions.) ISOPTIN may occa- 
- sionally produce hypotension (usually asymptomatic, orthostatic, mild and con- 
trolled by decrease in ISOPTIN dose). Elevations of transaminases with and 
.— without concomitant elevations in alkaline phosphatase and bilirubin have been 
reported. Such elevations may disappear even with continued treatment; how- 
ever, four cases of hepatocellular injury by verapamil have been proven by re- 
challenge. Periodic monitoring of liver function is prudent during verapamil 
therapy. Patients with atrial flutter or fibrillation and an accessory AV pathway 
-.. (e.g. W-P-W or L-G-L syndromes) may develop increased antegrade conduction 
- across the aberrant pathway bypassing the AV node, producing a very rapid 
ventricular response after receiving ISOPTIN (or digitalis). Treatment is usually 
D.C.-cardioversion, which has been used safely and effectively after ISOPTIN. 
Because of verapamil's effect on AV conduction and the SA node, 1? AV block 
and transient bradycardia may occur. High grade block, however, has been 
. infrequently observed. Marked 1° or progressive 2° or 3? AV block requires a 
dosage reduction or, rarely, discontinuation and institution of appropriate 
e therapy depending upon the clinical situation. Patients with hypertrophic car- 
... diomyopathy (IHSS) received verapamil in doses up to 720 mg/day. It must be 
—. appreciated that this group of patients had a serious disease with a high mor- 
.. tality rate and that most were refractory or intolerant to propranolol. A variety 
. Of serious adverse effects were seen in this group of patients including sinus 
= bradycardia, 2° AV block, sinus arrest, pulmonary edema and/or severe hypo- 
_ tension. Most adverse effects responded well to dose reduction and only rarely 
— was verapamil discontinued. Precautions: ISOPTIN should be given cautiously 
a - to patients with impaired hepatic function (in severe dysfunction use about 
A 30% of the normal dose) or impaired renal function, and patients should be 
b ‘monitored for abnormal prolongation of the PR interval or other signs of exces- 
— sive pharmacologic effects. Studies in a small number of patients suggest that 
-. concomitant use of ISOPTIN and beta blockers may be beneficial in patients 
-... with chronic stable angina. Combined therapy can also have adverse effects on 
- . cardiac function. Therefore, until further studies are completed, ISOPTIN should 
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-— beused alone, if possible. If combined therapy is used, close surveillance of vital 
- signs and clinical status should be carried out. Combined therapy with ISOPTIN 
- and propranolol should usually be avoided in patients with AV conduction 
-. abnormalities and/or depressed left ventricular function. Chronic ISOPTIN treat 
- — ment increases serum digoxin levels by 50% to 70% during the first week of 
— therapy, which can result in digitalis toxicity. The digoxin dose should be re- 
|. duced when ISOPTIN is given, and the patients should be carefully monitored to 
` avoid over- or under-digitalization. ISOPTIN may have an additive effect on 
lo lowering blood pressure in patients receiving oral antihypertensive agents. 
— Disopyramide should not be given within 48 hours before or 24 hours after 
— |SOPTIN administration. Until further data are obtained, combined ISOPTIN and 
` quinidine therapy in patients with hypertrophic cardiomyopathy should prob- 
^. ably be avoided, since significant hypotension may result. Clinical experience 
| with the concomitant use of ISOPTIN and short- and long-acting nitrates sug- 
... gest beneficial interaction without undesirable drug interactions. Adequate anl- 
-mal carcinogenicity studies have not been performed. One study in rats did not 
- — suggest a tumorigenic potential, and verapamil was not mutagenic in the Ames 
¿~ test. Pregnancy Category C: There are no adequate and well-controlled studies 

.. In pregnant women. This drug should be used during pregnancy, labor and 
delivery only if clearly needed. It is not known whether verapamil is excreted in 
~ breast milk; therefore, nursing should be discontinued during ISOPTIN use. 
-~ Adverse Reactions: Hypotension (2.9%), peripheral edema (1.7%), AV block: 
_ 3rd degree (0.8%), bradycardia: HR < 50/min (1.1%), CHF or pulmonary 
— edema (0.9%), dizziness (3.6%), headache (1.8%), fatigue (1.196), constipa- 
` tion (6.3%), nausea (1.6%), elevations of liver enzymes have been reported. 
pn (See Warnings.) The following reactions, reported in less than 0.5%, occurred 
-under circumstances where a causal relationship is not certain: ecchymosis, 
_ bruising, gynecomastia, psychotic symptoms, confusion, paresthesia, insomnia, 
TTA somnolence, equilibrium disorder, blurred vision, syncope, muscle cramp, shaki- 
ines. claudication, hair loss, macules, spotty menstruation. How Supplied: 
<- ISOPTIN (verapamil HCl) is supplied in round, scored, film-coated tablets con- 
taining either 80 mg or 120 mg of verapamil hydrochloride and embossed with 
"ISOPTIN 80” or “ISOPTIN 120" on one side and with KNOLL’ on the reverse 
_ Side. Revised August, 1984. 2385 
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For busy noninvasive and invasive cardiology practice. 
Medium sized city near resort area. 370-bed, modern, well- 
equipped hospital. Early partnership possible. Excellent 
starting salary. Write Box 485, The American Journal of 


Cardiology, 875 Third Ave., New York, NY 10022. 


Cardiologist Wanted—A large Cardiology Practice in a major North- 
eastern City is seeking a well qualified Cardiologist to join an estab- 
lished Referral Cardiology Practice. The Practice offers well rounded 


clinical, invasive and non-invasive opportunities, affiliation with a ma- 
jor Medical Center, and a large private Teaching Hospital. Please send 
letter and curriculum vitae to Reply Box 470, The American Journal of 
Cardiology, 875 Third Ave., New York, N.Y. 10022. 





CARDIOLOGIST 


To join consultative cardiology practice for large referral 
area. Training in cardiac catheterization, PTCA and non- 
invasive mandatory. Located in South. Send C.V. and de- 
tails about your interests to Box 435, The American Journal 
of Cardiology, 875 Third Ave., New York, NY 10022. 





Cardiologist to practice non-invasive cardiology to join one 
other cardiologist on staff of 39 M.D. multispecialty and family 
practice clinic. Attractive income arrangements, association 
membership possible after one year, pension, profit sharing, 
extensive fringe benefits. Reply to Box 475, The American 
Journal of Cardiology, 875 Third Ave., New York, NY 10022. 





CARDIOLOGIST: Director of noninvasive testing, preferably with 
nuclear license, with training in invasive procedures to join busy in- 
vasive/noninvasive practice serving 700 beds. Open heart program, 
currently doing PTCA and all noninvasives. Midwest city, excellent re- 


gional medical center with state of the art diagnostics. High motivation 
for continuing education, teaching, expanding limits of the practice. 
Reply to Box 480, The American Journal of Cardiology, 875 Third Ave., 
New York, NY 10022. 
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Accessory pathway 
Effects of oral amiodarone on rate- 
dependent changes in refractoriness in 
patients with Wolff-Parkinson-White 
syndrome, 863 
Simultaneous computer mapping to 
facilitate intraoperative localization of 
accessory pathways in patients with 
Wolff-Parkinson-White syndrome, 57 1 
Spontaneous termination of reciprocating 
tachycardia owing to interaction of dual 
atrioventricular nodal pathways in 
patients with an accessory pathway, 
872 
Actin 
Post-cardiac injury syndrome and an 
increased humoral immune response 
against the major contractile proteins 
(actin and myosin), 631 
Adults 
Rest and exercise hemodynamics in 
pulmonary stenosis: comparison of 
children and adults, 360 
Aerobic training 
Effect of intense aerobic training on 
exercise performance in children after 
a surgical repair of tetralogy of Fallot or 
complete transposition of the great 
arteries, 816 
Aging 
Doppler diagnosis of valvular aortic 
stenosis in patients over 60 years of 
age, 106 
Air embolism 
Value of intraoperative left ventricular 
microbubbles detected by 
transesophageal two-dimensional 
echocardiography in predicting 
neurologic outcome after cardiac 
operations, 773 
AJC 25 Years Ago 
The AJC in August 1960, 378 
The AJC in December 1960, 1000 
The AJC in July 1960, 208 
The AJC in November 1960, 837 
The AJC in October 1960, 701 
The AJC in September 1960, 502 
~ . Alcohol 
Arrhythmias and left ventricular function in 
chronic alcoholics with alcoholic 
cirrhosis, 825 
Aldosterone 
Systemic hypertension after cardiac 
transplantation: effect of cyclosporine 
on the renin-angiotensin-aldosterone 
system, 927 
Alinidine 
Anion-channel blockade with alinidine: a 
specific bradycardiac drug for coronary 
heart disease without negative inotropic 
activity? 270 
Alpha-adrenergic blockade 
Regulation of coronary resistance vessels 
and large coronary arteries, 16E 
Alprazolam 
Effect of a benzodiazepine (alprazolam) 
on plasma epinephrine and 
norepinephrine levels during exercise 
, stress, 136 
. Alternans 
Electrical alternans in wide complex 
tachycardias, 305 
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Ambulatory monitoring 
See also Holter monitoring 
Ambulatory electrocardiographic 
recordings at the time of fatal cardiac 
arrest, 588 
Amiodarone 
Amiodarone in pregnancy, 196 
Effects of oral amiodarone on rate- 
dependent changes in refractoriness in 
patients with Wolff-Parkinson-White 
syndrome, 863 
Evaluation by serial electrophysiologic 
studies of an abbreviated oral loading 
regimen of amiodarone, 867 
Value of hepatic computerized 
tomographic scanning during 
amiodarone therapy, 89 
Amrinone 
Amrinone in the management of low 
cardiac output after open heart surgery, 
33B 
Assessment of amrinone (LE), 1005 
Clinical safety of intravenous 
amrinone—a review, 39B 
Comparative vasoactive therapy for heart 
failure, 19B 
Discussion, 41B 
Effects of amrinone on myocardial 
energetics in severe congestive heart 
failure, 16B 
Electrophysiologic effects of amrinone, 
25B 
Intravenous amrinone in left ventricular 
failure complicated by acute myocardial 
infarction, 29B 
Intravenous use of amrinone for the 
treatment of the failing heart, 8B 
Amyloidosis 
Electrophysiologic evaluation of the 
cardiac conduction system and its 
autonomic regulation in familial amyloid 
polyneuropathy, 647 
Anatomic correction 
Influence of the two-stage anatomic 
correction of simple transposition of the 
great arteries on left ventricular 
function, 514 
Aneurysm 
Assessment of left ventricular aneurysm 
resectability by two-dimensional 
echocardiography, 857 
Atrial septal aneurysm: 
echopolycardiographic study, 653 
Coronary artery aneurysm producing right 
ventricular outflow obstruction, 192 
Prosthetic repair of coarctation of the 
aorta with particular reference to 
Dacron onlay patch grafts and late 
aneurysm formation, 342 
Repeated quantitative angiograms in 
coronary arterial aneurysm in Kawasaki 
disease, 846 
Angina pectoris 
See also Coronary artery spasm 
Comparison of buccal nitroglycerin and 
oral isosorbide dinitrate for nitrate 
tolerance in stable angina pectoris, 724 
Coronary hemodynamic responses during 
spontaneous angina in patients with and 
patients without coronary artery spasm, 
41 


Coronary vasomotion in angina at rest and 


effect of sublingual nitroglycerin on 
coronary blood flow, 484 

Correlation of the exercise ST/HR slope 
with anatomic and radionuclide 
cineangiographic findings in stable 
angina pectoris, 418 

Crossover from intravenous to 
transdermal nitroglycerin therapy in 
unstable angina pectoris, 742 

Different susceptibility to myocardial 


ischemia provoked by hyperventilation 


and cold pressor test in exertional and 
variant angina pectoris, 18 
Dipyridamole-echocardiography test in 
effort angina pectoris, 452 
Double-blind trial comparing labetalol with — 
atenolol in the treatment of systemic 


hypertension with angina pectoris, 551 - 


Effects of coenzyme Q4, on exercise 
tolerance in chronic stable angina 
pectoris, 247 

Efficacy of calcium channel blocker 
therapy for angina pectoris resulting 
from small-vessel coronary artery 
disease and abnormal vasodilator 
reserve, 242 

Efficacy of carvedilol (BM14,190), a new 
beta-blocking drug with vasodilating 
properties, in exercise-induced 
ischemia, 35 

Frequency of intracoronary filling defects 
by angiography in angina pectoris at 
rest, 403 

Mixed angina pectoris, 30E 

Nicardipine for angina pectoris at rest and | 
coronary arterial spasm, 232 

Summary |: implications for therapy in 
angina, 49D 

Surgical treatment of medically refractory 
variant angina pectoris: segmental 
coronary resection with aortocoronary - 
bypass and plexectomy, 792 

Transient ischemia in angina pectoris: 
frequent silent events with everyday 
activities, 34E 

Variant angina and spontaneous coronary 
artery dissection, 485 

Angiography 
Angiographic diagnosis of coronary sinus | 
ostium atresia, 996 

Auscultation, M-mode echocardiography 
and pulsed Doppler echocardiography 
compared with angiography for 
diagnosis of chronic aortic 
regurgitation, 811 

Balloon occlusion angiography in infancy: - 
methods, uses and limitations, 495 . 

Collateral flow in patients with acute 
myocardial infarction, 729 

Digital quantification eliminates 
intraobserver and interobserver 


variability in the evaluation of coronary - 


artery stenosis, 718 
Frequency of intracoronary filling defects 
by angiography in angina pectoris at 
rest, 403 
Repeated quantitative angiograms in 


coronary arterial aneurysm in Kawasaki 3:08 


disease, 846 





X) The Author and Subject Indexes for all December 1985 symposia will appear in the June 1986 issue. 
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* Ventricular fibrillation during coronary 
y angiography: association with 
potassium-containing glyceryl trinitrate, 
| 191 
Angioplasty 
Coronary angioplasty in myocardial 
infarction (LE), 1004 
Coronary artery occlusion seven weeks 
after angioplasty successfully managed 
with repeat emergency angioplasty (LE), 
1007 
Ischemia during angioplasty after 
streptokinase: a marker of myocardial 
M salvage, 749 
| .. The healing process in normal canine 
i arteries and in atherosclerotic monkey 
un. - arteries after transluminal laser 
irradiation, 983 
Angioplasty, percutaneous transluminal 
coronary 
See also Angioplasty 
_ Coronary arterial findings after accidental 
à death immediately after successful 
Rees percutaneous transluminal coronary 
angioplasty, 794 
Digital coronary roadmapping as an aid for 
performing coronary angioplasty, 237 
r Life adaptation after percutaneous 
Ec transluminal coronary angioplasty and 
S coronary artery bypass grafting, 395 
Nonsurgical treatment of the superior 
vena cava syndrome, 829 
Percutaneous transluminal coronary 
angioplasty after previous coronary 
! artery bypass surgery, 398 
b. Primary angiographic success rates of 
A percutaneous transluminal coronary 
Hs angioplasty, 7 12 
.... Sequential balloon technique in 
E angioplasty of severe coronary arterial 
e obstructions, 789 
. Animal studies 
_ See also Canine studies 
f Effect of basic pacing cycle length on 
Bet sinus node refractoriness in the rabbit, 
Th 162 
; Effect of diltiazem and ibuprofen on right 
.. ventricular hypertrophy in an 
experimental model of hypoxic 
pulmonary hypertension, 470 
Effect of pulmonary artery distention on 
systemic vascular resistance in 
newborn lambs, 681 
Effects of hematoporphyrin derivative and 
photodynamic therapy on 
atherosclerotic rabbits, 667 
The healing process in normal canine 
arteries and in atherosclerotic monkey 
arteries after transluminal laser 
irradiation, 983 
Usefulness of defibrotide in protecting 
ischemic myocardium from early 
| reperfusion damage, 978 
-© Ventricular remodeling in myocardial 
e infarction—the rat and the human (LE), 
910 
. Anion-channel blockade 
Anion-channel blockade with alinidine: a 
specific bradycardiac drug for coronary 
P heart disease without negative inotropic 
activity? 270 
Antiarrhythmic therapy 
. See also Arrhythmias 
¿Antiarrhythmic drug classification: new 
t science and practical applications, 185 
— Electrophysiologic evaluation of the 
; antiarrhythmic effects of N- 
l| acetylprocainamide for ventricular 
tachycardia secondary to coronary 
artery disease, 877 
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Usefulness of programmed stimulation in 
predicting efficacy of propafenone in 
long-term antiarrhythmic therapy for 
paroxysmal supraventricular 
tachycardia, 593 

Anticoagulant drugs 

Anticoagulation therapy in children with 
mechanical prosthetic cardiac valves, 
533 

Aorta 

See also Aortic valve 

Coarctation of the aorta inherited as an 
autosomal dominant trait, 818 

Computerized tomography and ultrasound 
in the noninvasive evaluation of 
coarctation of the aorta, 822 

Prosthetic repair of coarctation of the 
aorta with particular reference to 
Dacron onlay patch grafts and late 
aneurysm formation, 342 

Aortic dissection 

Evaluation of aortic dissection by Doppler 
color flow mapping, 497 

Localized aortic dissection with rupture 
into the right atrium: diagnosis by 
computed tomography and cardiac 
catheterization, 204 

Utility of two-dimensional 
echocardiography in suspected 
ascending aortic dissection, 123 

Aortic flow 

Acute hemodynamic effects of 
nitroprusside in children with isolated 
mitral regurgitation, 35 1 

Subcostal window: a new portal for 
recording continuous-wave Doppler 
aortic flow velocities, 199 

Aortic regurgitation 

Auscultation, M-mode echocardiography 
and pulsed Doppler echocardiography 
compared with angiography for 
diagnosis of chronic aortic 
regurgitation, 811 

Left ventricular stress-dimension- 
shortening relations before and after 
correction of chronic aortic and mitral 
regurgitation, 99 

Prognostic significance of exercise- 
induced left ventricular dysfunction in 
chronic aortic regurgitation, 605 

Quantitative assessment by Doppler 
echocardiography of pulmonary or 
aortic regurgitation, 131 

Regurgitation of normal Bjork-Shiley 
prosthetic valves in the aortic valve 
position, 489 

Significance of E point-septal separation 
by M-mode echocardiography in 
patients with aortic regurgitation, 809 

Aortic stenosis 

Doppler diagnosis of valvular aortic 
stenosis in patients over 60 years of 
age, 106 

Validation of instantaneous pressure 
gradients measured by continuous- 
wave Doppler in experimentally induced 
aortic stenosis, 989 

Aortic valve 

Doppler hemodynamic evaluation of 
prosthetic (Starr-Edwards and Bjórk- 
Shiley) and bioprosthetic (Hancock and 
Carpentier-Edwards) cardiac valves, 
325 

Echocardiographic aortic to mitral valve 
opening area ratio for determining the 
presence and severity of mitral 
regurgitation, 115 

Regurgitation of normal Bjork-Shiley 
prosthetic valves in the aortic valve 
position, 489 
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Aortocoronary bypass 
Surgical treatment of medically refractory 
variant angina pectoris: segmental 
coronary resection with aortocoronary 
bypass and plexectomy, 792 
Apolipoproteins 
Serum fatty acids, apolipoproteins, 
selenium and vitamin antioxidants and 
the risk of death from coronary artery 
disease, 226 
Arginine vasopressin 
Acute effects of digoxin on total systemic 
vascular resistance in congestive heart 
failure due to dilated cardiomyopathy: a 
hemodynamic-hormonal study, 896 
Arrhythmias 
See also Ventricular arrhythmias 
Arrhythmias and left ventricular function in 
chronic alcoholics with alcoholic 
cirrhosis, 825 
Malignant arrhythmia in relation to serum 
potassium in acute myocardial 
infarction, 20D 
Summary Il: implications for therapy in 
arrhythmias, 51D 
Arteriovenous fistula 
Contrast-enhanced cine computed 
tomography for diagnosis of right 
coronary artery to coronary sinus 
arteriovenous fistula, 997 
Artificial heart 
Phonocardiographic characteristics of the 
total artificial heart, 205 
Ascites 
Circulatory shock due to ascites and 
responsive to paracentesis, 500 
Aspergillus fumigatus 
Aspergillus Fumigatus thrombi causing 
total occlusion of both coronary arterial 
ostia, all four major epicardial coronary 
arteries and coronary sinus and 
associated with purulent pericarditis, 
499 
Aspirin 
Type A score (Jenkins Activity Survey) 
and risk of recurrent coronary heart 
disease in the aspirin myocardial 
infarction study, 221 
Atenolol 
Double-blind trial comparing labetalol with 
atenolol in the treatment of systemic 
hypertension with angina pectoris, 551 
Effects of atenolol on exercise capacity in 
patients with mitral stenosis with sinus 
rhythm, 598 
Atherosclerosis 
See also Coronary artery disease 
Additional evidence for relative resistance 
to atherosclerosis of the internal 
mammary artery compared to 
saphenous vein when used to increase 
myocardial blood supply, 488 
Coronary atherosclerosis and antecedent 
risk factors: pathologic and 
epidemiologic study in Hisayama, 
Japan, 62 
Effects of hematoporphyrin derivative and 
photodynamic therapy on 
atherosclerotic rabbits, 667 
Limitations, risks and complications of 
laser recanalization: a cautious 
approach warranted, 181 
Nd-Y AG laser fusion of human 
atheromatous plaque-arterial wall 
separations in vitro, 953 
Atrial contraction 
Complete pulmonic valve opening during 
atrial contraction after right ventricular 
infarction, 486 
Atrial fibrillation 
Atrial fibrillation in acute myocardial 
infarction, 27 
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Left atrial mobile thrombus in hypertrophic 
cardiomyopathy, 812 
Atrial flutter 
Electrophysiologic mechanisms of 
provoked atrial flutter in mitral valve 
prolapse syndrome, 602 
Atrial septal defect 
Atrial septal aneurysm: 
echopolycardiographic study, 653 
Detection of intracardiac shunt flow in 
atrial septal defect using a real-time 
two-dimensional color-coded Doppler 
flow imaging system and comparison 
with contrast two-dimensional 
echocardiography, 347 
Extravascular lung water in children 
immediately after operative closure of 
either isolated atrial septal defect or 
ventricular septal defect, 536 
Atrioventricular block 
Electrophysiologic evaluation of the 
cardiac conduction system and its 
autonomic regulation in familial amyloid 
polyneuropathy, 647 
Atrioventricular node 
Atrioventricular nodal supraventricular 
tachycardia, 193 
Spontaneous termination of reciprocating 
tachycardia owing to interaction of dual 
atrioventricular nodal pathways in 
patients with an accessory pathway, 
872 
Atrioventricular pathway 
Spontaneous termination of reciprocating 
tachycardia owing to interaction of dual 
atrioventricular nodal pathways in 
patients with an accessory pathway, 
872 
Atropine 
Autonomic dependence of ventriculoatrial 
conduction, 285 
Auscultation 
Auscultation, M-mode echocardiography 
and pulsed Doppler echocardiography 
compared with angiography for 
diagnosis of chronic aortic 
regurgitation, 811 


Balloon angioplasty 
Nd-YAG laser fusion of human 
atheromatous plaque-arterial wall 
separations in vitro, 953 
Balloon dilatation 
Balloon dilatation catheter size selection 
(LE), 911 
Balloon septostomy 
Infusion of blood from pericardial sac into 
femoral vein: a technique for survival 
until operative closure of a cardiac 
perforation during balloon septostomy, 
494 
Bedrest 
Cardiovascular deconditioning produced 
by 20 hours of bedrest with head-down 
tilt (—5°) in middle-aged healthy men, 
634 
Bernoulli equation 
In vitro study of the pressure-velocity 
relation across stenotic orifices, 465 
Beta-adrenergic blockade 
Acute hemodynamic and 
electrophysiologic effects of 
propranolol in patients receiving 
diltiazem, 47 
Beta-adrenergic stimulation reverses 
postischemic myocardial dysfunction 
without producing subsequent 
functional deterioration, 964 
Effects of atenolol on exercise capacity in 
patients with mitral stenosis with sinus 
rhythm, 598 


Efficacy of carvedilol (BM14,190), a new 
beta-blocking drug with vasodilating 
properties, in exercise-induced 
ischemia, 35 

Hypokalemia from beta;-receptor 
stimulation by circulating epinephrine, 
3D 

Prevention of epinephrine-induced 
hypokalemia by nonselective beta 
blockers, 10D 

Single and combined therapy for systemic 
hypertension with propranolol, 
hydralazine and hydrochlorothiazide: 
hemodynamic and neuroendocrine 
mechanisms of action, 315 

Bioprostheses 

See also Valve prostheses 

Doppler hemodynamic evaluation of 
prosthetic (Starr-Edwards and Bjórk- 
Shiley) and bioprosthetic (Hancock and 
Carpentier-Edwards) cardiac valves, 
325 

Quantitative anatomic analysis of ‘‘stent 
creep” of explanted Hancock standard 
porcine bioprostheses used for cardiac 
valve replacement, 110 

Bjórk-Shiley prosthesis 
Doppler hemodynamic evaluation of 
prosthetic (Starr-Edwards and Bjórk- 
Shiley) and bioprosthetic (Hancock and 
Carpentier-Edwards) cardiac valves, 
325 
Regurgitation of normal Bjórk-Shiley 
prosthetic valves in the aortic valve 
position, 489 
Blood flow 
Continuous determination of regional 
myocardial blood flow with 
intracoronary krypton-8 1m in coronary 
artery disease, 445 
Coronary hemodynamic responses during 
spontaneous angina in patients with and 
patients without coronary artery spasm, 
41 
Coronary vasomotion in angina at rest and 
effect of sublingual nitroglycerin on 
coronary blood flow, 484 
Dynamic nature of coronary collateral 
blood flow, 994 
Echocardiographic detection of circulating 
blood in normal canine hearts, 834 
Functional significance of transient 
collaterals during coronary artery 
spasm, 407 
Hemodynamic principles in the control of 
coronary blood flow, 4E 
Systemic, left ventricular and coronary 
hemodynamic effects of intravenous 
diltiazem in coronary artery disease, 
413 
Blood glucose 
Relation of hemoglobin A, and blood 
glucose to cardiac function in diabetes 
mellitus, 642 
Blood pressure 
See also Hypertension 
Circulatory effects of coffee in relation to 
the pharmacokinetics of caffeine, 958 
Effects of exercise on blood pressure, 
plasma catecholamines, potassium and 
the electrocardiogram after diuretic and 
neural-blocking therapy for moderate 
hypertension, 39D 
Body posture 
Induction and termination of ventricular 
tachycardia by changing body posture, 
800 
Brown adipose tissue 
Prevalence of brown adipose tissue in 
chronic congestive heart failure 
secondary to coronary heart disease, 
197 
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Bucindolol 
Bucindolol, 704 
Bundle branch block 

Exercise-induced left bundle branch block - 
and its relation to coronary artery 
disease, 892 

Exercise-related bundle branch block in 
children, 796 







Caffeine 3 
Circulatory effects of coffee in relation to — 
the pharmacokinetics of caffeine, 958 — 
Effects of caffeine on vascular resistance, - 
cardiac output and myocardial l 
contractility in young men, 119 
Calcium antagonists 
Acute effects of intravenous nisoldipine — . 
on left ventricular function and coronary - 
hemodynamics, 140 
Acute hemodynamic and i, 
electrophysiologic effects of 13 
propranolol in patients receiving JE 
diltiazem, 47 dy 
Effect of intracoronary verapamil on 
infarct size in the ischemic, reperfused — 
canine heart: critical importance of the _ 
timing of treatment, 672 
Efficacy of calcium channel blocker 
therapy for angina pectoris resulting 
from small-vessel coronary artery 
disease and abnormal vasodilator 
reserve, 242 
Nicardipine for angina pectoris at rest and 
coronary arterial spasm, 232 
Systemic, left ventricular and coronary 
hemodynamic effects of intravenous 
diltiazem in coronary artery disease, H 
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413 
Canine studies 
Anatomic and hemodynamic effects of "PE 
catheter-delivered ablation energies in My 
the ventricle, 373 h, 
Beta-adrenergic stimulation reverses 
postischemic myocardial dysfunction 
without producing subsequent 
functional deterioration, 964 
Cardiovascular and pharmacokinetic 
consequences of combined 
administration of verapamil and 
propranolol in dogs, 147 d 
Echocardiographic detection of circulating — 
blood in normal canine hearts, 834 
Effect of intracoronary verapamil on 
infarct size in the ischemic, reperfused - a 
canine heart: critical importance of the 
timing of treatment, 672 | 
Effects of repeated brief coronary 
occlusion on regional left ventricular . 
function and dimension in dogs, 473 
Measurement of cardiac output by cine — 
computed tomography, 657 * 
Myocardial kinetics of thallium-201 after — 
stress in normal and perfusion-reduced 
canine myocardium, 969 cee 
Relation of myocardial salvage to size of — 
myocardium at risk in dogs, 974 . 
Sudden death and experimental acute 
myocardial infarction, 677 ox 
The healing process in normal canine “i E 
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arteries after transluminal laser 
irradiation, 983 Et: 
Usefulness of a free radical scavenger in | 3 
preventing doxorubicin-induced heart — E $ 
failure in dogs, 157 ; 
Validation of instantaneous pressure 
gradients measured by continuous- — 
wave Doppler in experimentally need 
aortic stenosis, 989 
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Systemic hypertension after cardiac 


= transplantation: effect of cyclosporine 


on the renin-angiotensin-aldosterone 
system, 927 


. Cardiac arrest 
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Ambulatory electrocardiographic 
recordings at the time of fatal cardiac 
arrest, 588 


J Cardiac catheterization 
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Interhospital transport of patients with 
ongoing intraaortic balloon pumping, 59 

Localized aortic dissection with rupture 
into the right atrium: diagnosis by 
computed tomography and cardiac 
catheterization, 204 


= Safety of outpatient cardiac 


catheterizations, 639 


. Cardiac neuropathy 
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Electrophysiologic evaluation of the 
cardiac conduction system and its 
autonomic regulation in familial amyloid 
polyneuropathy, 647 


. Cardiac output 


Analysis of factors affecting the variability 
of Fick versus indicator dilution 
measurements of cardiac output, 764 

Measurement of cardiac output by cine 
computed tomography, 657 

Measurement of cardiac output during 
exercise by the thermodilution and 
direct fick techniques in patients with 
chronic congestive heart failure, 321 


. Cardiac tamponade 


Coronary artery aneurysm producing right 
ventricular outflow obstruction, 192 


. Cardiomyopathy 
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Arrhythmogenic right ventricular dysplasia 
in a family, 799 

Determinants of prognosis in idiopathic 
dilated cardiomyopathy as determined 
by programmed electrical stimulation, 337 

Effects of hydralazine on pressure-volume 
and stress-volume relations in 
congestive heart failure secondary to 
idiopathic dilated cardiomyopathy, 690 

Electrophysiologic evaluation of the 
cardiac conduction system and its 
autonomic regulation in familial amyloid 
polyneuropathy, 647 

Right-axis deviation and anterior wall 
thallium-201 defect in Becker's 
muscular dystrophy, 203 

Usefulness of a free radical scavenger in 
preventing doxorubicin-induced heart 
failure in dogs, 157 


_ Cardiovascular deconditioning 
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Cardiovascular deconditioning produced 
by 20 hours of bedrest with head-down 
. tilt (—5°) in middle-aged healthy men, 
634 
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Anatomic and hemodynamic effects of 
catheter-delivered ablation energies in 
the ventricle, 373 


. Effect of damped sine-wave shocks on 


catheter dielectric strength, 769 
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Efficacy of carvedilol (BM14,190), a new 
beta-blocking drug with vasodilating 
properties, in exercise-induced 
ischemia, 35 


. Catecholamines 
M Effect of a benzodiazepine (alprazolam) 


. on plasma epinephrine and 


norepinephrine levels during exercise 


stress, 136 

Effects of exercise on blood pressure, 

_ plasma catecholamines, potassium and 
the electrocardiogram after diuretic and 
neural-blocking therapy for moderate 

. hypertension, 39D 
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Catheters 
Anatomic and hemodynamic effects of 
catheter-delivered ablation energies in 
the ventricle, 373 
Balloon dilatation catheter size selection 
(LE), 911 
Effect of damped sine-wave shocks on 
catheter dielectric strength, 769 
Primary angiographic success rates of 
percutaneous transluminal coronary 
angioplasty, 712 
Children 
Acute hemodynamic effects of 
nitroprusside in children with isolated 
mitral regurgitation, 351 
Anticoagulation therapy in children with 
mechanical prosthetic cardiac valves, 
533 
Assessment of right ventricular outflow 
tract in children by two-dimensional 
echocardiography using a new 
subcostal view. Angiocardiographic and 
morphologic correlative study, 539 
Effect of intense aerobic training on 
exercise performance in children after 
surgical repair of tetralogy of Fallot or 
complete transposition of the great 
arteries, 816 
Exercise-related bundle branch block in 
children, 796 
Extravascular lung water in children 
immediately after operative closure of 
either isolated atrial septal defect or 
ventricular septal defect, 536 
Rest and exercise hemodynamics in 
pulmonary stenosis: comparison of 
children and adults, 360 
Results of balloon valvuloplasty in the 
treatment of congenital valvar 
pulmonary stenosis in children, 527 
Chlorthalidone 
Systolic hypertension in the elderly 
program (SHEP): antihypertensive 
efficacy of chlorthalidone, 913 
Cholesterol 
Factors associated with progression of 
coronary artery disease in patients with 
normal or minimally narrowed coronary 
arteries, 30 
Cigarette smoking 
Factors associated with progression of 
coronary artery disease in patients with 
normal or minimally narrowed coronary 
arteries, 30 
Circulatory shock 
Circulatory shock due to ascites and 
responsive to paracentesis, 500 
Cirrhosis 
Arrhythmias and left ventricular function in 
chronic alcoholics with alcoholic 
cirrhosis, 825 
Coarctation 
Balloon occlusion angiography in infancy: 
methods, uses and limitations, 495 
Coarctation of the aorta inherited as an 
autosomal dominant trait, 818 
Computerized tomography and ultrasound 
in the noninvasive evaluation of 
coarctation of the aorta, 822 
Prosthetic repair of coarctation of the 
aorta with particular reference to 
Dacron onlay patch grafts and late 
aneurysm formation, 342 
Cocaine 
Relation of acute myocardial infarction to 
cocaine abuse, 794 
Coenzyme Q4, 
Effects of coenzyme Q4, on exercise 
tolerance in chronic stable angina 
pectoris, 247 





Coffee i 
Circulatory effects of coffee in relation to 
the pharmacokinetics of caffeine, 958 
Cold pressor test 
Cold-induced immersion injury (LE), 1007 
Different susceptibility to myocardial 
ischemia provoked by hyperventilation 
and cold pressor test in exertional and 
variant angina pectoris, 18 
Collateral flow 
Collateral flow in patients with acute 
myocardial infarction, 729 
Dynamic nature of coronary collateral 
blood flow, 994 
Evaluation of coronary collateral 
circulation (LE), 1006 
Collateral vessels 
Functional significance of transient 
collaterals during coronary artery 
spasm, 407 
Computer methods 
Influence of R-wave amplitude on 
exercise-induced ST depression: need 
for a "gain factor” correction when 
interpreting stress electrocardiograms, 
13 
Measurement of cardiac output by cine 
computed tomography, 657 
Reproducibility of left ventricular area and 
volume measurements using a 
computer endocardial edge-detection 
algorithm in normal subjects, 947 
Conduction 
Autonomic dependence of ventriculoatrial 
conduction, 285 
Electrophysiologic evaluation of the 
cardiac conduction system and its 
autonomic regulation in familial amyloid 
polyneuropathy, 647 
Congestive heart failure 
Acute effects of digoxin on total systemic 
vascular resistance in congestive heart 
failure due to dilated cardiomyopathy: a 
hemodynamic-hormonal study, 896 
Comparative vasoactive therapy for heart 
failure, 19B 
Effect of enalapril on ventricular 
arrhythmias in congestive heart failure, 
566 
Effects of amrinone on myocardial 
energetics in severe congestive heart 
failure, 16B 
Effects of hydralazine on pressure-volume 
and stress-volume relations in 
congestive heart failure secondary to 
idiopathic dilated cardiomyopathy, 690 
Epidemiology of congestive heart failure, 
2A 


Hemodynamic and hormonal effects of 
high-dose transdermal nitroglycerin in 
patients with chronic congestive heart 
failure, 555 

Immediate effects of milrinone on 
metabolic and sympathetic responses 
to exercise in severe congestive heart 
failure, 93 

Intravenous use of amrinone for the 
treatment of the failing heart, 8B 

Measurement of cardiac output during 
exercise by the thermodilution and 
direct fick techniques in patients with 
chronic congestive heart failure, 321 

Nitrates for congestive heart failure, 19A 

Norepinephrine infusions in congestive 
heart failure, 802 

Pathophysiology of cardiac failure, 3B 

Pathophysiology of congestive heart 
failure, 7A 

Pharmacokinetics and pharmacodynamics 
of milrinone in chronic congestive heart 
failure, 685 
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Prevalence of brown adipose tissue in 
chronic congestive heart failure 
secondary to coronary heart disease, 
197 

Spectrum of acute hemodynamic effects 
of nifedipine in severe congestive heart 
failure, 560 

Sympathetic tone in congestive heart 
failure (LE), 912 

Contractility 

Effects of caffeine on vascular resistance, 
cardiac output and myocardial 
contractility in young men, 119 

Effects of hydralazine on pressure-volume 
and stress-volume relations in 
congestive heart failure secondary to 
idiopathic dilated cardiomyopathy, 690 

Contrast angiography 

Regional left ventricular wall motion 
assessment: comparison of two- 
dimensional echocardiography and 
radionuclide angiography with contrast 
angiography in healed myocardial 
infarction, 8 

Contrast media 

Detection of intracardiac shunt flow in 
atrial septal defect using a real-time 
two-dimensional color-coded Doppler 
flow imaging system and comparison 
with contrast two-dimensional 
echocardiography, 347 

Coronary arterial spasm 

Nicardipine for angina pectoris at rest and 

coronary arterial spasm, 232 
Coronary arteries 

Aspergillus Fumigatus thrombi causing 
total occlusion of both coronary arterial 
ostia, all four major epicardial coronary 
arteries and coronary sinus and 
associated with purulent pericarditis, 
499 

Coronary arterial findings after accidental 
death immediately after successful 
percutaneous transluminal coronary 
angioplasty, 794 

Coronary bypass using the internal 
mammary artery, 480 

Dynamic nature of coronary collateral 
blood flow, 994 

Factors associated with progression of 
coronary artery disease in patients with 
normal or minimally narrowed coronary 
arteries, 30 

Regulation of coronary resistance vessels 
and large coronary arteries, 16E 

Response of normal and diseased 
epicardial coronary arteries to 
vasoactive drugs: quantitative 
arteriographic studies, 23E 

Sudden death and experimental acute 
myocardial infarction, 677 

Coronary artery bypass 

See also Surgery 

Coronary bypass using the internal 
mammary artery, 480 

Life adaptation after percutaneous 
transluminal coronary angioplasty and 
coronary artery bypass grafting, 395 

Percutaneous transluminal coronary 
angioplasty after previous coronary 
artery bypass surgery, 398 

Coronary artery disease 

See also Coronary heart disease 

Acute effects of intravenous nisoldipine 
on left ventricular function and coronary 
hemodynamics, 140 

A simple device to obtain reproducible 
echocardiographic apical cross 
sections, 206 
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Comparison of exercise 
electrocardiography and quantitative 
thallium imaging for one-vessel 
coronary artery disease, 257 

Comparison of stress digital 
ventriculography, stress thallium 
scintigraphy, and digital fluoroscopy in 
the diagnosis of coronary artery disease 
in subjects without prior myocardial 
infarction, 434 

Continuous determination of regional 
myocardial blood flow with 
intracoronary krypton-8 1m in coronary 
artery disease, 445 

Coronary artery dilation and hemodynamic 
responses after isosorbide dinitrate 
therapy in patients with coronary artery 
disease, 390 

Coronary atherosclerosis and antecedent 
risk factors: pathologic and 
epidemiologic study in Hisayama, 
Japan, 62 

Determination of the optimal timing for 
performing digital ventriculography 
during atrial pacing stress tests in 
coronary heart disease, 426 

Dipyridamole-echocardiography test in 
effort angina pectoris, 452 

Efficacy of calcium channel blocker 
therapy for angina pectoris resulting 
from small-vessel coronary artery 
disease and abnormal vasodilator 
reserve, 242 

Efficacy of combination therapy with 
mexiletine and a type IA agent for 
inducible ventricular tachyarrhythmias 
secondary to coronary artery disease, 
277 

Electrophysiologic evaluation of the 
antiarrhythmic effects of N- 
acetylprocainamide for ventricular 
tachycardia secondary to coronary 
artery disease, 877 

Exercise-induced left bundle branch block 
and its relation to coronary artery 
disease, 892 

Factors associated with progression of 
coronary artery disease in patients with 
normal or minimally narrowed coronary 
arteries, 30 

Frequency and significance of induced 
sustained ventricular tachycardia or 
fibrillation two weeks after acute 
myocardial infarction, 737 

Prospective comparison of Holter 
monitoring and electrophysiologic study 
in patients with coronary artery disease 
and sustained ventricular 
tachyarrhythmias, 577 

Relation between electrocardiographic 
and scintigraphic location of myocardial 
ischemia in 1-vessel coronary artery 
disease, 704 

Safety of outpatient cardiac 
catheterizations, 639 

Sequential balloon technique in 
angioplasty of severe coronary arterial 
obstructions, 789 

Serum fatty acids, apolipoproteins, 
selenium and vitamin antioxidants and 
the risk of death from coronary artery 
disease, 226 

Silent myocardial ischemia as a 
manifestation of asymptomatic 
coronary artery disease: what is 
appropriate therapy? 28D 

Systemic, left ventricular and coronary 
hemodynamic effects of intravenous 
diltiazem in coronary artery disease, 
413 
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Systolic time intervals in coronary heart 
disease at rest and during exercise (LE), 
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The healing process in normal canine 
arteries and in atherosclerotic monkey 
arteries after transluminal laser _ 
irradiation, 983 
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Variant angina and spontaneous Coa a 
artery dissection, 485 


Coronary hemodynamic responses during - 
spontaneous angina in patients with and. 
patients without coronary artery spasm, 
41 

Functional significance of transient 
collaterals during coronary artery 
spasm, 407 
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Are the findings from the randomized E 
Coronary Artery Surgery Study (CASS) . k 
of value in the management of patients — 
soon after acute myocardial infarction 
179 : 


Infections in a coronary care unit, 757 


See also Coronary artery disease 

Anion-channel blockade with alinidine: a 
specific bradycardiac drug for coronary E. 
heart disease without negative inotropic — 
activity? 270 n 

Electropharmacologic testing in sustained 
ventricular tachycardia associated with 
coronary heart disease: value of the 
response to intravenous procainamide 
in predicting the response to oral 
procainamide and oral quinidine 
treatment, 883 

Prevalence of brown adipose tissue in 
chronic congestive heart failure 
secondary to coronary heart disease, 
197 

Type A score (Jenkins Activity Survey) 
and risk of recurrent coronary heart 
disease in the aspirin myocardial 
infarction study, 221 

Coronary occlusion 

Aspergillus Fumigatus thrombi causing 
total occlusion of both coronary arterial - 
ostia, all four major epicardial coronary _ 
arteries and coronary sinus and ic 
associated with purulent pericarditis, y 
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Coronary artery occlusion seven weeks ~ 
after angioplasty successfully mana: 
with repeat emergency angioplasty (L 
1007 
Effects of repeated brief coronary 
occlusion on regional left ventricular 
function and dimension in dogs, 473 
Coronary reperfusion x 
Beta-adrenergic stimulation reverses 
postischemic myocardial dysfunction 
without producing subsequent 
functional deterioration, 964 n 
Effect of intracoronary verapamil on E 
infarct size in the ischemic, reperfused . 
canine heart: critical importance of the 
timing of treatment, 672 3 
Coronary resection 5 
Surgical treatment of medically refractory. : i 
variant angina pectoris: segmental 
coronary resection with aortocoronary - 
bypass and plexectomy, 792. y 
Coronary sinus 
Aspergillus Fumigatus thrombi causing - 
total occlusion of both coronary arterial — | 
ostia, all four major epicardial coronary - = 
arteries and coronary sinus and 
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t. tomography for diagnosis of right 
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arteriovenous fistula, 997 
_. Coronary sinus occlusion pressure and its 
relation to intracardiac pressure, 457 
_ Coronary sinus ostium atresia 
Angiographic diagnosis of coronary sinus 
: ostium atresia, 996 
. Creatine kinase 
—. Time course of alpha-1-acid glycoprotein 
and its relation to myocardial enzymes 
ji after acute myocardial infarction, 262 
" p 
Systemic hypertension after cardiac 
1 ~ transplantation: effect of cyclosporine 
m. on the renin-angiotensin-aldosterone 
|... System, 927 
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_ Prosthetic repair of coarctation of the 
ag aorta with particular reference to 
— — Dacron onlay patch grafts and late 
— . aneurysm formation, 342 
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Em Effect of ventricular fibrillation 
V complicating acute myocardial 
». . infarction on long-term prognosis: 


importance of the site of infarction, 384 
Frequency and significance of induced 
sustained ventricular tachycardia or 
fibrillation two weeks after acute 
myocardial infarction, 737 
Mitral valve prolapse, Wolff-Parkinson- 
White syndrome, his bundle sclerosis 
and sudden death, 700 
- . Sudden death and experimental acute 
A myocardial infarction, 677 
|  Defibrotide 
Kk  Usefulness of defibrotide in protecting 
5 ischemic myocardium from early 
= .. reperfusion damage, 978 
» Demographic studies 
Evaluation of methods of measurement 
$ . A and estimation of left ventricular 
function after acute myocardial 
infarction, 753 
. Diabetes mellitus 
Relation of hemoglobin A, and blood 
glucose to cardiac function in diabetes 
mellitus, 642 
. Diastole 
^ . Doppler evaluation of left ventricular 
- .. diastolic filling in children with systemic 
f c hypertension, 921 
. Digital studies 
Comparison of stress digital 
|». ventriculography, stress thallium 
ve scintigraphy, and digital fluoroscopy in 
e the diagnosis of coronary artery disease 
i in subjects without prior myocardial 
a infarction, 434 
“Digital quantification eliminates 
ie intraobserver and interobserver 
kee . variability in the evaluation of coronary 





e artery stenosis, 718 

. Digoxin 

. . Acute effects of digoxin on total systemic 
= vascular resistance in congestive heart 


E: failure due to dilated cardiomyopathy: a 
» . ... hemodynamic-hormonal study, 896 
. Diltiazem 
|. Acute hemodynamic and 
= electrophysiologic effects of 
l = propranolol in patients receiving 
|  .. diltiazem, 47 
. . Effect of diltiazem and ibuprofen on right 
| . ventricular hypertrophy in an 
experimental model of hypoxic 
pulmonary hypertension, 470 


Systemic, left véniricuidr and coronary 
hemodynamic effects of intravenous 
diltiazem in coronary artery disease, 
413 

Dipyridamole 

Dipyridamole-echocardiography test in 

effort angina pectoris, 452 
Dobutamine 

Comparative vasoactive therapy for heart 

failure, 19B 
Dopamine 

Comparative vasoactive therapy for heart 

failure, 19B 
Doppler ultrasound 

See also Echocardiography 

Auscultation, M-mode echocardiography 
and pulsed Doppler echocardiography 
compared with angiography for 
diagnosis of chronic aortic 
regurgitation, 811 

Cardiac imaging with ultrasound: rightside 
up or upside down? 479 

Clinical and echocardiographic 
observations in pulmonary valve 
endocarditis, 610 

Computerized tomography and ultrasound 
in the noninvasive evaluation of 
coarctation of the aorta, 822 

Detection of intracardiac shunt flow in 
atrial septal defect using a real-time 
two-dimensional color-coded Doppler 
flow imaging system and comparison 
with contrast two-dimensional 
echocardiography, 347 

Doppler diagnosis of valvular aortic 
stenosis in patients over 60 years of 
age, 106 

Doppler evaluation of left ventricular 
diastolic filling in children with systemic 
hypertension, 921 

Doppler hemodynamic evaluation of 
prosthetic (Starr-Edwards and Bjórk- 
Shiley) and bioprosthetic (Hancock and 
Carpentier-Edwards) cardiac valves, 
325 

Doppler versus contrast echocardiography 
for diagnosis of tricuspid regurgitation, 
333 

Echocardiographic and Doppler flow 
observations in obstructed and 
nonobstructed hypertrophic 
cardiomyopathy, 614 

Evaluation of aortic dissection by Doppler 
color flow mapping, 497 

In vitro study of the pressure-velocity 
relation across stenotic orifices, 465 

Quantitative assessment by Doppler 
echocardiography of pulmonary or 
aortic regurgitation, 131 

Results of balloon valvuloplasty in the 
treatment of congenital valvar 
pulmonary stenosis in children, 527 

Simplified Doppler estimation of mitral 
valve area, 488 

Subcostal window: a new portal for 
recording continuous-wave Doppler 
aortic flow velocities, 199 

Usefulness of Doppler echocardiography 
for determining hemodynamic 
improvement with intravenous 
verapamil in hypertrophic 
cardiomyopathy, 201 

Validation of instantaneous pressure 
gradients measured by continuous- 
wave Doppler in experimentally induced 
aortic stenosis, 989 

Doxorubicin 

Usefulness of a free radical scavenger in 
preventing doxorubicin-induced heart 
failure in dogs, 157 

Drug addiction 
Mitral valve prolapse and addictions, 808 
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Dysplasia 
Arrhythmogenic right ventricular dysplasia 
in a family, 799 


Ebstein's anomaly 
Cardiorespiratory response to exercise in 
Ebstein's anomaly, 509 
Echocardiography 
See also M-mode echocardiography, two- 
dimensional echocardiography, Doppler 
ultrasound 
Atrial septal aneurysm: 
echopolycardiographic study, 653 
Clinical and echocardiographic 
observations in pulmonary valve 
endocarditis, 610 
Doppler versus contrast echocardiography 
for diagnosis of tricuspid regurgitation, 
333 
Early cardiac changes related to radiation 
therapy, 943 
Echocardiographic aortic to mitral valve 
opening area ratio for determining the 
presence and severity of mitral 
regurgitation, 115 
Echocardiographic detection of circulating 
blood in normal canine hearts, 834 
Echocardiographic detection of complete 
and partial papillary muscle rupture 
during acute myocardial infarction, 787 
Eisenmenger’s syndrome 
Magnetic resonance imaging in pulmonary 
arterial hypertension, 938 
Ejection fraction 
A simple device to obtain reproducible 
echocardiographic apical cross 
sections, 206 
Collateral flow in patients with acute 
myocardial infarction, 729 
Determination of the optimal timing for 
performing digital ventriculography 
during atrial pacing stress tests in 
coronary heart disease, 426 
Influence of the two-stage anatomic 
correction of simple transposition of the 
great arteries on left ventricular 
function, 514 
Reproducibility of left ventricular area and 
volume measurements using a 
computer endocardial edge-detection 
algorithm in normal subjects, 947 
Right ventricular ejection fraction 
measured by first-pass intravenous 
krypton-8 1m: reproducibility and 
comparison with technetium-99m, 776 
Elderly patients 
Systolic hypertension in the elderly 
program (SHEP): antihypertensive 
efficacy of chlorthalidone, 913 
Ventricular performance in human hearts 
aged 61 to 73 years, 932 
Electrical stimulation 
Determinants of prognosis in idiopathic 
dilated cardiomyopathy as determined 
by programmed electrical stimulation, 
337 
Effect of damped sine-wave shocks on 
catheter dielectric strength, 769 
Effects of high stimulation current on the 
induction of ventricular tachycardia, 73 
Effects of oral amiodarone on rate- 
dependent changes in refractoriness in 
patients with Wolff-Parkinson-White 
syndrome, 863 
Nonsustained ventricular tachycardia 
during programmed ventricular 
stimulation: criteria for a positive test, 
79 
Programmed electrical stimulation and 
long-term follow-up in asymptomatic, 
nonsustained ventricular tachycardia, 
309 
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. Programmed electrical stimulation of the 
heart in ventricular arrhythmias, 187 
Electrocardiography 
Ambulatory electrocardiographic 
recordings at the time of fatal cardiac 
arrest, 588 
Analysis of the spontaneous variability of 
ventricular arrhythmias: consecutive 
ambulatory electrocardiographic 
recordings of ventricular tachycardia, 
67 
Comparison of exercise 
electrocardiography and quantitative 
thallium imaging for one-vessel 
coronary artery disease, 257 
Effects of exercise on blood pressure, 
plasma catecholamines, potassium and 
the electrocardiogram after diuretic and 
neural-blocking therapy for moderate 
hypertension, 39D 
Electrical alternans in wide complex 
tachycardias, 305 
Identification of best electrocardiographic 
leads for diagnosing myocardial 
infarction by statistical analysis of body 
surface potential maps, 852 
Influence of R-wave amplitude on 
exercise-induced ST depression: need 
for a ‘‘gain factor” correction when 
interpreting stress electrocardiograms, 
13 
> Multiple Risk Factor Intervention Trial (LE), 
1005 
Reciprocal electrocardiographic changes 
in acute myocardial infarction, 23 
Relation between electrocardiographic 
and scintigraphic location of myocardial 
ischemia in 1-vessel coronary artery 
disease, 704 
Routine preoperative exercise testing in 
patients undergoing major noncardiac 
surgery, 51 
Unrecognized Q-wave myocardial 
infarction in patients older than 64 
years in a long-term health-care facility, 
483 
Electrophysiology 
Effects of high stimulation current on the 
induction of ventricular tachycardia, 73 
Electrophysiologic effects of amrinone, 
25B 
Electrophysiologic evaluation of the 
hs antiarrhythmic effects of N- 
acetylprocainamide for ventricular 
tachycardia secondary to coronary 
artery disease, 877 
Electrophysiologic mechanisms of 
provoked atrial flutter in mitral valve 
prolapse syndrome, 602 
Electrophysiology of esmolol, 19F 
Evaluation by serial electrophysiologic 
studies of an abbreviated oral loading 
regimen of amiodarone, 867 
Frequency and significance of induced 
sustained ventricular tachycardia or 
fibrillation two weeks after acute 
myocardial infarction, 737 
Programmed electrical stimulation and 
long-term follow-up in asymptomatic, 
nonsustained ventricular tachycardia, 
309 
Prospective comparison of Holter 
monitoring and electrophysiologic study 
> in patients with coronary artery disease 
and sustained ventricular 
tachyarrhythmias, 577 
Relation between heart rate and QT 
interval in exercise-induced myocardial 
ischemia, 861 
Serial electrophysiologic testing after 
acute myocardial infarction, 704 
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Usefulness of programmed stimulation in 
predicting efficacy of propafenone in 
long-term antiarrhythmic therapy for 
paroxysmal supraventricular 
tachycardia, 593 

Embolism 

Left ventricular thrombi in association with 
normal left ventricular wall motion in 
patients with malignancy, 827 

Enalapril 

Effect of enalapril on ventricular 
arrhythmias in congestive heart failure, 
566 

Encainide 

Spectrum of antiarrhythmic response to 

encainide, 887 
Endocardial calcification 

Massive endocardial calcification 
associated with endomyocardial 
fibrosis, 815 

Endocarditis 

Clinical and echocardiographic 
observations in pulmonary valve 
endocarditis, 6 10 

Endomyocardial fibrosis 

Massive endocardial calcification 
associated with endomyocardial 
fibrosis, 815 

Endomyocardium 

Massive endocardial calcification 
associated with endomyocardial 
fibrosis, 815 

Epidemiologic studies 

Coronary atherosclerosis and antecedent 
risk factors: pathologic and 
epidemiologic study in Hisayama, 
Japan, 62 

Epidemiology of congestive heart failure, 
2A 


Safety of outpatient cardiac 
catheterizations, 639 
Epinephrine 
Effect of a benzodiazepine (alprazolam) 
on plasma epinephrine and 
norepinephrine levels during exercise 
stress, 136 
Hypokalemia from beta;-receptor 
stimulation by circulating epinephrine, 
3D 
Prevention of epinephrine-induced 
hypokalemia by nonselective beta 
blockers, 10D 
E point-septal separation 
Significance of E point-septal separation 
by M-mode echocardiography in 
patients with aortic regurgitation, 809 
Esmolol 
See also A Symposium: Esmolol—An 
UltraShort-Acting Intravenous Beta 
Blocker 
Exercise 
See also Exercise testing 
Cardiorespiratory response to exercise in 
Ebstein's anomaly, 509 
Comparison of buccal nitroglycerin and 
oral isosorbide dinitrate for nitrate 
tolerance in stable angina pectoris, 724 
Comparison of exercise 
electrocardiography and quantitative 
thallium imaging for one-vessel 
coronary artery disease, 257 
Comparison of stress digital 
ventriculography, stress thallium 
scintigraphy, and digital fluoroscopy in 
the diagnosis of coronary artery disease 
in subjects without prior myocardial 
infarction, 434 
Correlation of the exercise ST/HR slope 
with anatomic and radionuclide 
cineangiographic findings in stable 
angina pectoris, 418 
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Effect of a benzodiazepine (alprazolam) 
on plasma epinephrine and E: 
norepinephrine levels during exercise 
stress, 136 

Effect of intracoronary thrombolytic — 
therapy on exercise-induced ischemia — 
after acute myocardial infarction, 705 — i 

Effects of atenolol on exercise capacity in 
patients with mitral stenosis with sinus — 
rhythm, 598 i 

Effects of exercise on blood pressure, [e 
plasma catecholamines, potassium and — 
the electrocardiogram after diuretic and 4 
neural-blocking therapy for moderate —— 
hypertension, 39D re 

Efficacy of carvedilol (BM14, 190), anew 
beta-blocking drug with vasodilating e$ 
properties, in exercise-induced 
ischemia, 35 L3 

Efficacy of verapamil in exercise-induced  . m 
ventricular tachycardia, 292 : 

Exercise-induced left bundle branch block - 
and its relation to coronary artery 
disease, 892 

Exercise-related bundle branch block in 
children, 796 

Immediate effects of milrinone on 
metabolic and sympathetic responses 
to exercise in severe congestive heart 
failure, 93 

Measurement of cardiac output during 
exercise by the thermodilution and 
direct fick techniques in patients with 
chronic congestive heart failure, 321 

Prognostic significance of exercise- ^ a 
induced left ventricular dysfunction in — 
chronic aortic regurgitation, 605 

Rest and exercise hemodynamics in 
pulmonary stenosis: comparison of 
children and adults, 360 ^ AA 

Systolic time intervals in coronary heart MN 
disease at rest and during exercise (LE), x 
910 pon. 

Transient Q waves during exercise in 
hypertrophic cardiomyopathy, 49 1 


Effect of intense aerobic training on 
exercise performance in children after 
surgical repair of tetralogy of Fallot or 
complete transposition of the great 
arteries, 816 

Effects of coenzyme Qo on exercise 
tolerance in chronic stable angina 
pectoris, 247 

Efficacy of calcium channel blocker CER 
therapy for angina pectoris resulting — — 
from small-vessel coronary artery E 
disease and abnormal vasodilator 
reserve, 242 

Influence of R-wave amplitude on 
exercise-induced ST depression: need 
for a ‘‘gain factor” correction when 
interpreting stress electrocardiograms, 
13 

Prediction of functional capacity and use 
of exercise testing for predicting risk 
after acute myocardial infarction, 839° 

Relation between heart rate and QT 
interval in exercise-induced myocardial 
ischemia, 861 

Routine preoperative exercise testing in 
patients undergoing major noncardiac — 
surgery, 51 

Value and limitations of exercise <a 
radionuclide angiography for detecting hr 
myocardial ischemia in hea . 
myocardial infarction, 1 

Value of programmed stimulation: and ats, 
exercise testing in predicting one-year — - 
mortality after acute myocardial | 
infarction, 213 
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. Extravascular lung water 

Extravascular lung water in children 
immediately after operative closure of 
either isolated atrial septal defect or 
ventricular septal defect, 536 


Family history 
- Coarctation of the aorta inherited as an 
~. . autosomal dominant trait, 818 
. Fatty acids 
Serum fatty acids, apolipoproteins, 
selenium and vitamin antioxidants and 
the risk of death from coronary artery 
disease, 226 
js Fiberoptics 
Reduction of laser-induced pathologic 
tissue injury using pulsed energy 
delivery, 662 
. Fick technique 
~ . Analysis of factors affecting the variability 
of Fick versus indicator dilution 
measurements of cardiac output, 764 
_ Measurement of cardiac output during 
exercise by the thermodilution and 
direct fick techniques in patients with 
i chronic congestive heart failure, 321 
. Fontan procedure 
Response to the Valsalva maneuver after 
the Fontan procedure for tricuspid valve 
atresia, single ventricle or pulmonic 
valve atresia, 905 
From the Editor 
Country of origin of articles in the AJC in 
1984, 380 
How long do physicians live? 838 
Mitral valve prolapse and systemic 
hypertension, 703 
Some good cardiologic books, 1001 
The article's title, 210 
The silver anniversary of cardiac valve 
^s replacement, 503 
_ Fructose-1,6-diphosphate 
: Hemodynamic and electrocardiographic 
i5: effects of fructose-1,6-diphosphate in 
k acute myocardial infarction, 266 
p 
. Gas poisoning 
Acute left ventricular dysfunction and 
thrombosis following natural gas 
U poisoning, 814 
Geriatrics 
Unrecognized Q-wave myocardial 
infarction in patients older than 64 
years in a long-term health-care facility, 
483 
. Glyceryl trinitrate 
Ventricular fibrillation during coronary 
angiography: association with 
potassium-containing glyceryl trinitrate, 
191 
. Glycoproteins 
Time course of alpha-1-acid glycoprotein 
and its relation to myocardial enzymes 
after acute myocardial infarction, 262 


' 


Eu 
» 
Heart failure 
Usefulness of a free radical scavenger in 


sa! preventing doxorubicin-induced heart 
* failure in dogs, 157 
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Relation between heart rate and QT 
interval in exercise-induced myocardial 
ischemia, 861 

. Hematoporphyrin derivative 
Effects of hematoporphyrin derivative and 
photodynamic therapy on 
; atherosclerotic rabbits, 667 
Hemodynamics 
. Acute effects of intravenous nisoldipine 
on left ventricular function and coronary 
hemodynamics, 140 
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Acute hemodynamic and 
electrophysiologic effects of 
propranolol in patients receiving 
diltiazem, 47 
Acute hemodynamic effects of 


nitroprusside in children with isolated 
mitral regurgitation, 351 

Amrinone in the management of low 
cardiac output after open heart surgery, 
33B 

Anatomic and hemodynamic effects of 
catheter-delivered ablation energies in 
the ventricle, 373 

Atrial fibrillation in acute myocardial 
infarction, 27 

Coronary artery dilation and hemodynamic 
responses after isosorbide dinitrate 
therapy in patients with coronary artery 
disease, 390 

Coronary hemodynamic responses during 
spontaneous angina in patients with and 
patients without coronary artery spasm, 
41 

Coronary sinus occlusion pressure and its 
relation to intracardiac pressure, 457 

Doppler hemodynamic evaluation of 
prosthetic (Starr-Edwards and Bjórk- 
Shiley) and bioprosthetic (Hancock and 
Carpentier-Edwards) cardiac valves, 
325 

Effects of amrinone on myocardial 
energetics in severe congestive heart 
failure, 16B 

Hemodynamic and electrocardiographic 
effects of fructose- 1,6-diphosphate in 
acute myocardial infarction, 266 

Hemodynamic and hormonal effects of 
high-dose transdermal nitroglycerin in 
patients with chronic congestive heart 
failure, 555 

Hemodynamic principles in the control of 
coronary blood flow, 4E 

Intravenous amrinone in left ventricular 
failure complicated by acute myocardial 
infarction, 29B 

Intravenous use of amrinone *or the 
treatment of the failing heart, 8B 

Rest and exercise hemodynamics in 
pulmonary stenosis: comparison of 
children and adults, 360 

Single and combined therapy for systemic 
hypertension with propranolol, 
hydralazine and hydrochlorothiazide: 
hemodynamic and neuroendocrine 
mechanisms of action, 315 

Spectrum of acute hemodynamic effects 
of nifedipine in severe congestive heart 
failure, 560 

Hemoglobin A, 

Relation of hemoglobin A, and blood 
glucose to cardiac function in diabetes 
mellitus, 642 

Heparin 

Left ventricular thrombi diagnosed by 
echocardiography in patients with acute 
myocardial infarction treated with 
intracoronary streptokinase followed by 
intravenous heparin, 422 

His bundle sclerosis 

Mitral valve prolapse, Wolff-Parkinson- 
White syndrome, His bundle sclerosis 
and sudden death, 700 

Holter monitoring 

Combination of procainamide and 
quinidine for better tolerance and 
additive effects for ventricular 
arrhythmias, 84 

Determinants of prognosis in idiopathic 
dilated cardiomyopathy as determined 
by programmed electrical stimulation, 
337 
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Prospective comparison of Holter 
monitoring and electrophysiologic study 
in patients with coronary artery disease 
and sustained ventricular 
tachyarrhythmias, 577 

Transient ischemia in angina pectoris: 
frequent silent events with everyday 
activities, 34E 

Hydatid cyst 

Cardiac hydatid cyst simulating tricuspid 

stenosis, 833 
Hydralazine 

Effects of hydralazine on pressure-volume 
and stress-volume relations in 
congestive heart failure secondary to 
idiopathic dilated cardiomyopathy, 690 

Single and combined therapy for systemic 
hypertension with propranolol, 
hydralazine and hydrochlorothiazide: 
hemodynamic and neuroendocrine 
mechanisms of action, 315 

Hydrochlorothiazide 

Single and combined therapy for systemic 
hypertension with propranolol, 
hydralazine and hydrochlorothiazide: 
hemodynamic and neuroendocrine 
mechanisms of action, 315 

Hypertension 

See also Blood pressure, systemic 
hypertension 

Coarctation of the aorta inherited as an 
autosomal dominant trait, 818 

Doppler evaluation of left ventricular 
diastolic filling in children with systemic 
hypertension, 921 

Double-blind trial comparing labetalol with 
atenolol in the treatment of systemic 
hypertension with angina pectoris, 551 

Echocardiographic assessment by 
computer-assisted analysis of diastolic 
left ventricular function and hypertrophy 
in borderline or mild systemic 
hypertension, 546 - 

Effects of exercise on blood pressure, 
plasma catecholamines, potassium and 
the electrocardiogram after diuretic and 
neural-blocking therapy for moderate 
hypertension, 39D 

Esmolol and systemic hypertension after 
cardiac surgery, 56F 

Factors associated with progression of 
coronary artery disease in patients with 
normal or minimally narrowed coronary 
arteries, 30 

Single and combined therapy for systemic 
hypertension with propranolol, 
hydralazine and hydrochlorothiazide: 
hemodynamic and neuroendocrine 
mechanisms of action, 315 

Summary IV: implications for therapy in 
hypertension, 57D 

Systolic hypertension in the elderly 
program (SHEP): antihypertensive 
efficacy of chlorthalidone, 913 

Hypertension, venous 

Response to the Valsalva maneuver after 
the Fontan procedure for tricuspid valve 
atresia, single ventricle or pulmonic 
valve atresia, 905 

Hypertrophic cardiomyopathy 

Echocardiographic and Doppler flow 
observations in obstructed and 
nonobstructed hypertrophic 
cardiomyopathy, 614 

Left atrial mobile thrombus in hypertrophic 
cardiomyopathy, 812 

Transient Q waves during exercise in 
hypertrophic cardiomyopathy, 491 
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|  . improvement with intravenous 
Ba verapamil in hypertrophic 
» . Cardiomyopathy, 201 
Hypertrophy 
» . .Echocardiographic assessment by 
Gade computer-assisted analysis of diastolic 
left ventricular function and hypertrophy , 
| in borderline or mild systemic 
25i hypertension, 546 
| Effect of diltiazem and ibuprofen on right 
$ ventricular hypertrophy in an 
|. . experimental model of hypoxic 
|»... pulmonary hypertension, 470 
_ Hypokalemia 
. .Hypokalemia from beta;-receptor 
P PDA stimulation by circulating epinephrine, 
~ gald 3D 
i Prevention of epinephrine-induced 
hypokalemia by nonselective beta 
blockers, 10D 


-Ibuprofen 
? Effect of diltiazem and ibuprofen on right 
ventricular hypertrophy in an 
e experimental model of hypoxic 
T pulmonary hypertension, 470 
. Infants 
Balloon occlusion angiography in infancy: 
|. . methods, uses and limitations, 495 
- Diagnosis of cardiac tumors in infants by 
|... magnetic resonance imaging, 831 
=- Infusion of blood from pericardial sac into 
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procainamide and oral quinidine 
treatment, 883 
Incidence of proarrhythmic effects from 
quinidine in the outpatient treatment of 
benign or potentially lethal ventricular 
arrhythmias, 585 
Q wave 
Transient Q waves during exercise in 
hypertrophic cardiomyopathy, 491 
Unrecognized Q-wave myocardial 
infarction in patients older than 64 


years in a long-term health-care facility, 


483 


Radiation injuries 
Early cardiac changes related to radiation 
therapy, 943 
Radionuclide imaging 
Correlation of the exercise ST/HR slope 
with anatomic and radionuclide 
cineangiographic findings in stable 
angina pectoris, 418 
Regional left ventricular wall motion 
assessment: comparison of two- 
dimensional echocardiography and 
radionuclide angiography with contrast 
angiography in healed myocardial 
infarction, 8 
Value and limitations of exercise 
radionuclide angiography for detecting 
myocardial ischemia in healed 
myocardial infarction, 1 
Renin 
Acute effects of digoxin on total systemic 
vascular resistance in congestive heart 
failure due to dilated cardiomyopathy: a 
hemodynamic-hormonal study, 896 
Renin-angiotensin system 
Systemic hypertension after cardiac 
transplantation: effect of cyclosporine 
on the renin-angiotensin-aldosterone 
system, 927 
Reperfusion 
Early positive technetium-99m stannous 
pyrophosphate images as a marker of 
reperfusion after thrombolytic therapy 
for acute myocardial infarction, 252 
Effect of intracoronary thrombolytic 
therapy on exercise-induced ischemia 
after acute myocardial infarction, 705 
Usefulness of defibrotide in protecting 
ischemic myocardium from early 
reperfusion damage, 978 
Right ventricular function 
Assessment of right ventricular outflow 
tract in children by two-dimensional 
echocardiography using a new 
subcostal view. Angiocardiographic and 
morphologic correlative study, 539 
Coronary artery aneurysm producing right 
ventricular outflow obstruction, 192 
Right ventricular ejection fraction 
measured by first-pass intravenous 
krypton-8 1m: reproducibility and 
comparison with technetium-99m, 776 
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vs. ventricular pressure 
Echocardiographic ventricular shape 
analysis in congenital heart disease 
with right ventricular volume or 
pressure overload, 520 
Right ventricular volume 
) Echocardiographic ventricular shape 
analysis in congenital heart disease 
with right ventricular volume or 
pressure overload, 520 
Risk factors 
Coronary atherosclerosis and antecedent 
risk factors: pathologic and 
epidemiologic study in Hisayama, 
Japan, 62 
Factors associated with progression of 
coronary artery disease in patients with 
normal or minimally narrowed coronary 
arteries, 30 
Multiple Risk Factor Intervention Trial (LE), 
1005 
Prediction of functional capacity and use 
of exercise testing for predicting risk 
after acute myocardial infarction, 839 
Routine preoperative exercise testing in 
patients undergoing major noncardiac 
surgery, 51 
R wave 
Influence of R-wave amplitude on 
exercise-induced ST depression: need 
for a “gain factor” correction when 
interpreting stress electrocardiograms, 
13 


Saphenous vein 
Additional evidence for relative resistance 
to atherosclerosis of the internal 
mammary artery compared to 
saphenous vein when used to increase 
myocardial blood supply, 488 
Scintigraphy 
Comparison of stress digital 
ventriculography, stress thallium 
scintigraphy, and digital fluoroscopy in 
the diagnosis of coronary artery disease 
in subjects without prior myocardial 
infarction, 434 
Effect of intracoronary thrombolytic 
therapy on exercise-induced ischemia 
after acute myocardial infarction, 705 
Myocardial kinetics of thallium-201 after 
stress in normal and perfusion-reduced 
canine myocardium, 969 
Relation between electrocardiographic 
and scintigraphic location of myocardial 
ischemia in 1-vessel coronary artery 
disease, 704 
Selenium 
Serum fatty acids, apolipoproteins, 
selenium and vitamin antioxidants and 
the risk of death from coronary artery 
disease, 226 
Sinus node 
Effect of basic pacing cycle length on 
sinus node refractoriness in the rabbit, 
162 
Sinus rhythm 
Effects of atenolol on exercise capacity in 
patients with mitral stenosis with sinus 
rhythm, 598 
Stenosis 
See also Aortic stenosis 
Digital quantification eliminates 
intraobserver and interobserver 
variability in the evaluation of coronary 
artery stenosis, 718 
Echocardiographic and Doppler flow 
observations in obstructed and 
nonobstructed hypertrophic 
cardiomyopathy, 614 


Hemodynamic principles in the control of 
coronary blood flow, 4E 
Nonsurgical treatment of the superior 
vena cava syndrome, 829 
Response of normal and diseased 
epicardial coronary arteries to 
vasoactive drugs: quantitative 
arteriographic studies, 23E 
Subcritical coronary stenosis (LE), 1007 
Stent creep 
Quantitative anatomic analysis of ‘‘stent 
creep” of explanted Hancock standard 
porcine bioprostheses used for cardiac 
valve replacement, 110 
ST/HR slope 
Correlation of the exercise ST/HR slope 
with anatomic and radionuclide 
cineangiographic findings in stable 
angina pectoris, 418 
Streptokinase 
Early positive technetium-99m stannous 
pyrophosphate images as a marker of 
reperfusion after thrombolytic therapy 
for acute myocardial infarction, 252 
Ischemia during angioplasty after 
streptokinase: a marker of myocardial 
salvage, 749 
Left ventricular thrombi diagnosed by 
echocardiography in patients with acute 
myocardial infarction treated with 
intracoronary streptokinase followed by 
intravenous heparin, 422 
Nonsurgical treatment of the superior 
vena cava syndrome, 829 
Relation of effectiveness of intracoronary 
thrombolysis in acute myocardial 
infarction to systemic thrombolytic 
state, 441 
ST segment 
Influence of R-wave amplitude on 
exercise-induced ST depression: need 
for a “gain factor" correction when 
interpreting stress electrocardiograms, 
13 
Superior vena cava 
Nonsurgical treatment of the superior 
vena cava syndrome, 829 
Supraventricular tachycardia 
Atrioventricular nodal supraventricular 
tachycardia, 193 
Comparative efficacy and tolerance of 
esmolol to propranolol for control of 
supraventricular tachyarrhythmia, 33F 
Electrical alternans in wide complex 
tachycardias, 305 
Ice-water washcloth rather than facial 
immersion (diving reflex) for 
supraventricular tachycardia in adults 
(LE), 1003 
Usefulness of programmed stimulation in 
predicting efficacy of propafenone in 
long-term antiarrhythmic therapy for 
paroxysmal supraventricular 
tachycardia, 593 
Surgery 
See also Coronary artery bypass 
Amrinone in the management of low 
cardiac output after open heart surgery, 
33B 
Assessment of left ventricular aneurysm 
resectability by two-dimensional 
echocardiography, 857 
Balloon occlusion angiography in infancy: 
methods, uses and limitations, 495 
Benign intracardiac thyroid mass causing 
right ventricular outflow tract 
obstruction, 828 
Conduit bypass of mitral valve: a palliative 
approach to congenital mitral stenosis, 
493 
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Effect of intense aerobic ening on 
exercise performance in children after 
surgical repair of tetralogy of Fallot or 
complete transposition of the great 
arteries, 816 

Esmolol and systemic hypertension after 
cardiac surgery, 56F 

Extravascular lung water in children Md 
immediately after operative closure of — 
either isolated atrial septal defect or 
ventricular septal defect, 536 | 

Infusion of blood from pericardial sac into — 
femoral vein: a technique for survival 
until operative closure of a cardiac | 
perforation during balloon septostomy, — 
494 > 

Interhospital transport of patients with E 
ongoing intraaortic balloon pumping, 59 A 3 

Life adaptation after percutaneous 
transluminal coronary angioplasty and 
coronary artery bypass grafting, 395 — 

Percutaneous transluminal coronary 
angioplasty after previous coronary 
artery bypass surgery, 398 ae 

Pericardial defect mimicking a left atrial — 
mass, 699 i 

Perioperative use of esmolol, 62F 

Post-cardiac injury syndrome and an 
increased humoral immune response 
against the major contractile proteins 
(actin and myosin), 631 

Quantitative anatomic analysis of “stent 
creep” of explanted Hancock standard 
porcine bioprostheses used for cardiac 
valve replacement, 110 

Routine preoperative exercise testing in 
patients undergoing major noncardiac 
surgery, 51 

Simultaneous computer mapping to 
facilitate intraoperative localization of 
accessory pathways in patients with 
Wolff-Parkinson-White syndrome, 571 

Surgical treatment of medically refractory 
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variant angina pectoris: segmental i 
coronary resection with aortocoronary n 
bypass and plexectomy, 792 ^ 
Value of intraoperative left ventricular 3 


microbubbles detected by 
transesophageal two-dimensional 
echocardiography in predicting 
neurologic outcome after cardiac 
operations, 773 
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Amrinone in the management of low 
cardiac output after open heart surgery, — 
33B 
Clinical safety of intravenous ál 
amrinone—a review, 39B d 
Comparative vasoactive therapy for heart — 1 
failure, 19B DÀ. 
Discussion, 41B 
Effects of amrinone on myocardial 
energetics in severe congestive heart 
failure, 16B NU 
Electrophysiologic effects of amrinone, is 
25B Va 
Intravenous amrinone in left ventricular 
failure complicated by acute myocardial - 
infarction, 29B 
Intravenous use of amrinone for the i 
treatment of the failing heart, 8B E 
Introduction, 1B n A 
Pathophysiology of cardiac failure, 3B sy 





Cardiology pa- 
Cost containment in medicine: why o 
cardiology? 10C am 
Future trends in the economics of medical __ 

practice and care, 50C i 
Impact of competition and cost el 
containment on the university hospital, P: 
27C / 
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Rise p 
. medical practice, 46C 
. . Introduction, 1C- 
| . Introduction to workshops, 60C 
.. Making the coronary care unit cost- 
| . effective, 35C 
M Paradox, change and choice: an 
£v g . economist's view of some current 
= health care resource issues, 3C 
p: 4 Proprietary hospitals in cost containment, 
VE 40C 
. Role of technology in controlling health 
| .. care costs, 47C 
. Role of the pharmaceutical industry in 
-  . health care cost containment, 43C 
|... The effect of cost containment on the 
E . practice of cardiology: predictions, 32C 
. Workshop ll: cost containment issues in 
. . acute myocardial infarction and 
| A. Coronary care management— points of 
|... view, 65C 
any M Workshop Il: deliberations and 
2d recommendations, 70C 
A Workshop Ill: deliberations and 
|. recommendations, 74C 
3 Wi Workshop Ill: graduate medical education 
- inan era of cost containment, 72C 
5j; oie quality of cardiologic care in 
3 the wa of cost containment, 62C 
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p ‘Basie pharmacology of esmolol, 3F 
s _ Clinical pharmacology, 

_ pharmacodynamics and interactions 
= with esmolol, 14F 
x ee efficacy and tolerance of 
-esmolol to propranolol for control of 


; Effects of esmolol on cardiac function: 
. evaluation by noninvasive techniques, 
a  27F 
| "Elenephysiology of esmolol, 19F 
5  Esmolol and systemic hypertension after 
PPS cardiac surgery, 56F 

Experimental and clinical observations on 
E e the efficacy of esmolol in myocardial 
» . . ischemia, 40F 
ger "Introduction, 1F 
NU cel use of esmolol, 62F 

m: Experimental and Clinical 

a J Aspects of Coronary Vasoconstriction 
4 Hemodynamic principles in the control of 
coronary blood flow, 4E 
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| Introduction, 1E 

= Mixed angina pectoris, 30E 

iNew insights into the cellular mechanisms 

. Of vasospasm, 11E 

: .. Regulation of coronary resistance vessels 
= and large coronary arteries, 16E 

.. Response of normal and diseased 

| epicardial coronary arteries to 

eo vasoactive drugs: quantitative 

»  . arteriographic studies, 23E 

.. Transient ischemia in angina pectoris: 
frequent silent events with everyday 
activities, 34E 

nposium: Metoprolol in Acute 

TUUM Myocardial Infarction (MIAMI) 

_ Arrhythmias, 35G 

- Development of myocardial infarction, 

um . Enzymatic estimation of infarct size, 27G 

General discussion, 55G 

E . Hemodynamic effects, 47G 

.. |ntroduction, 1G 

. Mortality; 15G 

_ Narcotic analgesics and other antianginal 

drugs, 30G 

. Other clinical findings and tolerability, 39G 

Patient population, 10G 

a Patients and methods, 3G 
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Discussion |, 15D 

Discussion Il, 24D 

Discussion Ill, 35D 

Discussion IV, 46D 

Effects of exercise on blood pressure, 
plasma catecholamines, potassium and 
the electrocardiogram after diuretic and 
neural-blocking therapy for moderate 
hypertension, 39D 

Hypokalemia from beta;-receptor 
stimulation by circulating epinephrine, 
3D 

Introduction, 1D 

Malignant arrhythmia in relation to serum 
potassium in acute myocardial 
infarction, 20D 

Prevention of epinephrine-induced 
hypokalemia by nonselective beta 
blockers, 10D 

Silent myocardial ischemia as a 
manifestation of asymptomatic 
coronary artery disease: what is 
appropriate therapy? 28D 

Summary Ill: implications for therapy after 
myocardial infarction, 55D 

Summary Il: implications for therapy in 
arrhythmias, 51D 

Summary |: implications for therapy in 
angina, 49D 

Summary IV: implications for therapy in 
hypertension, 57D 

Symposium: Role of Nitrates in Congestive 

Heart Failure 

Epidemiology of congestive heart failure, 
2A 


Introduction, 1A 
Nitrates for congestive heart failure, 19A 
Pathophysiology of congestive heart 
failure, 7A 
Pharmacology of nitroglycerin and long- 
acting nitrates, 12A 
Systemic hypertension 
Doppler evaluation of left ventricular 
diastolic filling in children with systemic 
hypertension, 921 
Systemic hypertension after cardiac 
transplantation: effect of cyclosporine 
on the renin-angiotensin-aldosterone 
system, 927 
Systemic vascular resistance 
Effect of pulmonary artery distention on 
systemic vascular resistance in 
newborn lambs, 681 
Systolic time intervals 
Systolic time intervals in coronary heart 
disease at rest and during exercise (LE), 
910 


Tachycardia 

Effect of damped sine-wave shocks on 
catheter dielectric strength, 769 

Electrical alternans in wide complex 
tachycardias, 305 

Spontaneous termination of reciprocating 
tachycardia owing to interaction of dual 
atrioventricular nodal pathways in 
patients with an accessory pathway, 
872 

Technetium-99m 

Early positive technetium-S9m stannous 
pyrophosphate images as a marker of 
reperfusion after thrombolytic therapy 
for acute myocardial infarction, 252 

Measurement of left ventricular volume 
using single-photon emission computed 
tomography, 781 

Right ventricular ejection fraction 
measured by first-pass intravenous 
krypton-8 1m: reproducibility and 
comparison with technetium-99m, 776 
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Tarald of Fallot Mob. 
Balloon occlusion ARARE in inci: 
methods, uses and limitations, 495 - 
Effect of intense aerobic training on 
exercise performance in children after 
surgical repair of tetralogy of Fallot or - 
complete transposition of the great 
arteries, 816 
Usefulness of left ventricular volume in 
assessing tetralogy of Fallot for total 
correction, 356 
Thallium-201 
See also Scintigraphy 
Comparison of exercise 
electrocardiography and quantitative 
thallium imaging for one-vessel 
coronary artery disease, 257 
Comparison of stress digital 
ventriculography, stress thallium 
scintigraphy, and digital fluoroscopy in 
the diagnosis of coronary artery disease 
in subjects without prior myocardial 
infarction, 434 
Determination of left ventricular mass 
using single-photon emission computed 
tomography, 761 
Effect of intracoronary thrombolytic 
therapy on exercise-induced ischemia 
after acute myocardial infarction, 705 
Myocardial kinetics of thallium-201 after 
stress in normal and perfusion-reduced 
canine myocardium, 969 
Right-axis deviation and anterior wall 
thallium-201 defect in Becker's 
muscular dystrophy, 203 
Value and limitations of exercise 
radionuclide angiography for detecting 
myocardial ischemia in healed 
myocardial infarction, 1 
Thermal injury 
Reduction of laser-induced pathologic 
tissue injury using pulsed energy 
delivery, 662 
Thermodilution measurements 
Analysis of factors affecting the variability 
of Fick versus indicator dilution 
measurements of cardiac output, 764 
Thromboembolism 
Anticoagulation therapy in children with 
mechanical prosthetic cardiac valves, 
533 
Thrombolysis 
Ischemia during angioplasty after 
streptokinase: a marker of myocardial 
salvage, 749 
Relation of effectiveness of intracoronary 
thrombolysis in acute myocardial 
infarction to systemic thrombolytic 
state, 441 
Thrombosis 
Acute left ventricular dysfunction and 
thrombosis following natura! gas 
poisoning, 814 
Nonsurgical treatment of the superior 
vena Cava syndrome, 829 
Thrombus 
Aspergillus Fumigatus thrombi causing 
total occlusion of both coronary arterial 
ostia, all four major epicardial coronary 
arteries and coronary sinus and 
associated with purulent pericarditis, 
499 
Left atrial mobile thrombus in hypertrophic 
cardiomyopathy, 812 
Left ventricular thrombi diagnosed by 
echocardiography in patients with acute 
myocardial infarction treated with 
intracoronary streptokinase followed by 
intravenous heparin, 422 
Left ventricular thrombi in association with 
normal left ventricular wall motion in 
patients with malignancy, 827 
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Pericardial defect mimicking a left atrial 
mass, 699 
Thyroid 
Benign intracardiac thyroid mass causing 
right ventricular outflow tract 
obstruction, 828 
 Tocainide 
Comparative efficacy and safety of oral 
tocainide and quinidine for benign and 
potentially lethal ventricular 
e arrhythmias, 581 
|. Tomography 
.. See also Computer methods 
Computerized tomography and ultrasound 
in the noninvasive evaluation of 
coarctation of the aorta, 822 
Contrast-enhanced cine computed 
tomography for diagnosis of right 
coronary artery to coronary sinus 
arteriovenous fistula, 997 
Determination of left ventricular mass 
using single-photon emission computed 
tomography, 761 
Localized aortic dissection with rupture 
into the right atrium: diagnosis by 
computed tomography and cardiac 
catheterization, 204 
Measurement of cardiac output by cine 
computed tomography, 657 
Measurement of left ventricular volume 
using single-photon emission computed 
tomography, 781 
Value of hepatic computerized 
tomographic scanning during 
amiodarone therapy, 89 
Transposition of the great arteries 
Effect of intense aerobic training on 
exercise performance in children after 
į surgical repair of tetralogy of Fallot or 
l complete transposition of the great 
arteries, 816 
Influence of the two-stage anatomic 
correction of simple transposition of the 
great arteries on left ventricular 
function, 514 
Infusion of blood from pericardial sac into 
femoral vein: a technique for survival 
until operative closure of a cardiac 
perforation during balloon septostomy, 
494 
Tricuspid regurgitation 
" Doppler versus contrast echocardiography 
for diagnosis of tricuspid regurgitation, 
= 333 
Tricuspid stenosis 
. Cardiac hydatid cyst simulating tricuspid 
stenosis, 833 
Tricuspid valve atresia 
Response to the Valsalva maneuver after 
the Fontan procedure for tricuspid valve 
atresia, single ventricle or pulmonic 
valve atresia, 905 
Tumor 
Benign intracardiac thyroid mass causing 
right ventricular outflow tract 
obstruction, 828 
Diagnosis of cardiac tumors in infants by 
magnetic resonance imaging, 831 
Twiddler's syndrome 
Pacemaker Twiddler's syndrome: an 
important cause of diaphragmatic 
pacing, 797 
Two-dimensional echocardiography 
A simple device to obtain reproducible 
echocardiographic apical cross 
sections, 206 
Assessment of left ventricular aneurysm 
resectability by two-dimensional 
echocardiography, 857 


Assessment of right vivida cialo 
tract in children by two-dimensional 
echocardiography using a new 
subcostal view. Angiocardiographic and 
morphologic correlative study, 539 

Cardiac imaging with ultrasound: rightside 
up or upside down? 479 

Computerized tomography and ultrasound 
in the noninvasive evaluation of 
coarctation of the aorta, 822 

Detection of intracardiac shunt flow in 
atrial septal defect using a real-time 
two-dimensional color-coded Doppler 
flow imaging system and comparison 
with contrast two-dimensional 
echocardiography, 347 

Differentiation between acute and healed 
myocardial infarction by signal 
averaging and color encoding two- 
dimensional echocardiography, 381 

Dipyridamole-echocardiography test in 
effort angina pectoris, 452 

Echocardiographic ventricular shape 
analysis in congenital heart disease 
with right ventricular volume or 
pressure overload, 520 

Left ventricular apical masses: 
noninvasive differentiation of rare from 
common ones, 697 

Left ventricular thrombi diagnosed by 
echocardiography in patients with acute 
myocardial infarction treated with 
intracoronary streptokinase followed by 
intravenous heparin, 422 

Regional left ventricular wall motion 
assessment: comparison of two- 
dimensional echocardiography and 
radionuclide angiography with contrast 
angiography in healed myocardial 
infarction, 8 

Two-dimensional echocardiographic 
diagnosis of total anomalous pulmonary 
venous connection below the 
diaphragm, 821 

Upright paradoxical posterior wall 
movement in mitral valve prolapse, 804 

Utility of two-dimensional 
echocardiography in suspected 
ascending aortic dissection, 123 

Value of intraoperative left ventricular 
microbubbles detected by 
transesophageal two-dimensional 
echocardiography in predicting 
neurologic outcome after cardiac 
operations, 773 


Urokinase 
Relation of effectiveness of intracoronary 
thrombolysis in acute myocardial 
infarction to systemic thrombolytic 
state, 441 
U waves 
The origin of giant U waves (LE), 1003 


Valsalva maneuver 
Response to the Valsalva maneuver after 
the Fontan procedure for tricuspid valve 
atresia, single ventricle or pulmonic 
valve atresia, 905 
Valve prostheses 
Quantitative anatomic analysis of ''stent 
creep” of explanted Hancock standard 
porcine bioprostheses used for cardiac 
valve replacement, 110 
Valvuloplasty 
Results of balloon valvuloplasty in the 
treatment of congenital valvar | 
pulmonary stenosis in children, 527 


e d a m oy 


» 1 
Effects of caffeine on vascular fdiance, #2 
cardiac output and myocardial > a 
contractility in young men, 119 © De 
Vasoactive drugs 
Response of normal and diseased - 
epicardial coronary arteries to som 
vasoactive drugs: quantitative — — 
arteriographic studies, 23E F a 
Vasodilators | mt. c 
Effects of hydralazine on pressure-volume a 
and stress-volume relations in AL. 
congestive heart failure secondary to 
idiopathic dilated cardiomyopathy, 690 — 
Efficacy of carvedilol (BM14,190), a new - 
beta-blocking drug with vasodilating 
properties, in exercise-induced 
ischemia, 35 
Immediate effects of milrinone on 
metabolic and sympathetic responses 
to exercise in severe congestive heart 
failure, 93 - 
Single and combined therapy for systemic - E. 
hypertension with propranolol, SA ; 
hydralazine and hydrochlorothiazide: - i 
hemodynamic and neuroendocrine 
mechanisms of action, 315 fet 
Vasospasm DES 
New insights into the cellular mechanisms 
of vasospasm, 11E 
Ventricular arrhythmias 
Analysis of the spontaneous variability of 
ventricular arrhythmias: consecutive 
ambulatory electrocardiographic 
recordings of ventricular tachycardia, — 
67 
Anatomic and hemodynamic effects of 
catheter-delivered ablation energies in — 
the ventricle, 373 
Combination of procainamide and 
quinidine for better tolerance and 
additive effects for ventricular 
arrhythmias, 84 
Comparative efficacy and safety of oral 
tocainide and quinidine for benign and- 
potentially lethal ventricular ; 
. arrhythmias, 581 
Effect of enalapril on ventricular 
arrhythmias in congestive heart failure, 
566 
Efficacy of combination therapy with 
mexiletine and a type IA agent for » 
inducible ventricular tachyarrhythmias —— 
secondary to coronary artery disease, —— 
277 . y 1. 
Incidence of proarrhythmic effects from — . — 
quinidine in the outpatient treatment of - 
benign or potentially lethal ventricular — 
arrhythmias, 585 
Programmed electrical stimulation of the 
heart in ventricular arrhythmias, 187 
Spectrum of antiarrhythmic response to 
encainide, 887 
Ventricular fibrillation 
Effect of ventricular fibrillation 
complicating acute myocardial 
infarction on long-term prognosis: | 
importance of the site of infarction, 384. 3 
Nonsustained ventricular tachycardia 
during programmed ventricular 
stimulation: criteria for a positive test, 
79 n 
Ventricular fibrillation during coronary "Au 
angiography: association with T M 
potassium-containing glyceryl trinitrate, os E 
191 SAT B. 
Ventricular function Er $ OE 
Collateral flow in patients with acute 5. "MER 
myocardial infarction, 729 ee 
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. Effects of hydralazine on pressure-volume 
| and stress-volume relations in 
F congestive heart failure secondary to 
S idiopathic dilated cardiomyopathy, 690 
Relation of hemoglobin A4 and blood 
glucose to cardiac function in diabetes 
ti mellitus, 642 
_ Ventricular outflow 
Benign intracardiac thyroid mass causing 
right ventricular outflow tract 
obstruction, 828 
Ventricular premature complexes 
Analysis of the spontaneous variability of 
ventricular arrhythmias: consecutive 
ambulatory electrocardiographic 
recordings of ventricular tachycardia, 
67 
Ventricular septal defect 
Extravascular lung water in children 
immediately after operative closure of 
ee either isolated atrial septal defect or 
ventricular septal defect, 536 
Ventricular stimulation 
Value of programmed stimulation and 
|» A. exercise testing in predicting one-year 
I. mortality after acute myocardial 
— infarction, 213 
. Ventricular tachycardia 
. Analysis of the spontaneous variability of 
r ventricular arrhythmias: consecutive 
ambulatory electrocardiographic 
Pe recordings of ventricular tachycardia, 
ve 67 
—. Effects of high stimulation current on the 
-  . induction of ventricular tachycardia, 73 
E Efficacy of verapamil in exercise-induced 
£4 F ventricular tachycardia, 292 
___Electropharmacologic testing in sustained 
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|. ventricular tachycardia associated with 
5 coronary heart disease: value of the 
"n response to intravenous procainamide 


in predicting the response to oral 
procainamide and oral quinidine 
treatment, 883 

Electrophysiologic evaluation of the 
antiarrhythmic effects of N- 
acetylprocainamide for ventricular 
tachycardia secondary to coronary 


artery disease, 877 
Entrainment of ventricular tachycardia by 
atrial depolarizations, 298 
Evaluation by serial electrophysiologic 
studies of an abbreviated oral loading 
regimen of amiodarone, 867 
Frequency and significance of induced 
sustained ventricular tachycardia or 
fibrillation two weeks after acute 
myocardial infarction, 737 
Induction and termination of ventricular 
tachycardia by changing body posture, 
800 
Nonsustained ventricular tachycardia 
during programmed ventricular 
stimulation: criteria for a positive test, 
79 
Programmed electrical stimulation and 
long-term follow-up in asymptomatic, 
nonsustained ventricular tachycardia, 
309 
Prospective comparison of Holter 
monitoring and electrophysiologic study 
in patients with coronary artery disease 
and sustained ventricular 
tachyarrhythmias, 577 
Ventricular volume 
Reproducibility of left ventricular area and 
volume measurements using a 
computer endocardial edge-detection 
algorithm in normal subjects, 947 
Ventricular wall 
Regional left ventricular wall motion 
assessment: comparison of two- 
dimensional echocardiography and 
radionuclide angiography with contrast 
angiography in healed myocardial 
infarction, 8 
Ventriculography 
Comparison of stress digital 
ventriculography, stress thallium 
scintigraphy, and digital fluoroscopy in 
the diagnosis of coronary artery disease 
in subjects without prior myocardial 
infarction, 434 
Determination of the optimal timing for 
performing digital ventriculography 
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during atrial pacing stress tests in 
coronary heart disease, 426 
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The 2kg warning 
in CHE. 


Does it signal a change in the 
classic Lasix®-digitalis regimen? 
furosemide 


For your CHF patients, a 2 kg weight gain might 
be as innocent as being weighed in winter boots 
or right after an overindulgent Thanksgiving. 

Or, it could mean decompensation. 

When the patient has been stabilized on a 
regimen of Lasix® and digitalis, the possibility of 
some change in that regimen should be part of 
your differential diagnosis. Because the diuretic/ 
digitalis/electrolyte balance is so sensitive that 
even a minor variation could have profound 
consequences. 

Lasix® quality hasn't varied in 20 years and 
almost 8 billion tablets. So, it's only logical to 
specify Lasix* by brand name and prevent generic 
substitution. That's the only way you can be sure 
your patient will always receive the same brand of 
furosemide tablets—exactly the same formulation 
and manufacturing process, with the same excip- 
ients and binders—with every single refill. 
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In fact, 9 out of 10 cardiologists specify Lasix® A 

by brand name, and 2 out of 3 take the extra step RA 
to prevent generic substitution.’ Because in CHF, ^ 
there's no room for variables. E 
Specify: ; 
pecify: i 
LASIX | 

20 mg, 40 mg, AR 

80 mg Tablets "hs 

BRAND OF N BH 
FUROSEMIDE E. 

One less cause for concern Lo 
Please see following page for reference and brief summary of full prescribing information. ^ fi 
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LaSix® (furosemide) 


A brief summary of the Prescribing information for Lasix (furosemide) 
Tablets 20, 40 and 80 mg. ii 
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E _ WARNING: pu agpang ne potent diuretic which, if given in 
.. excessive amounts, can lead to a profound diuresis with water and 
ET . Therefore, careful medical supervision is 
. . required, and dose and dose schedule have to be adjusted to the 
4 individual patient's needs. 

.. INDICATIONS: Edema associated with congestive heart failure, cirrho- 
. Sis of the liver, and renal disease, including the nephrotic syndrome 
Pe ui nsion when used alone or in combination with other antihy- 

; drugs; patients not adequately controlled with thiazides 
also probably will not be adequately controlled with furosemide alone. 
Ets CONTRAINDICATIONS: Anuria. History of hypersensitivity to the 
compound. 


ed 


- . WARNINGS: Excessive diuresis may result in dehydration and reduc- 
(o Oso 

a .. Excessive loss of potassium in patients receiving digitalis glycosides 
y . potassium-depleting steroids. Perform frequent serum electrolyte, 





.. drugs. Exacerbation or activation of systemic lupus erythematosus 
. May occur Furosemide appears in breast milk. If use of the drug is 


. Ment of renal function at doses exceeding several times the usual 
T FO dose and in whom other drugs known to be ototoxic 
E Fo wa. If the physician elects to use high-dose parenteral therapy 
I af án Is with severely impaired renal function, controlled intrave- 
.... fous infusion is advisable. (For adults, an infusion rate not exceeding 
i: _ 4 mg furosemide per minute has been used. ) 


__ PRECAUTIONS: As with any effective diuretic, electrolyte depletion 
may occur, especially in patients receiving higher doses and a 
. .. restricted salt intake Patients "argen lacere should be 
i .. Observed for clinical signs of fluid or electrolyte imbalance, namely, 
. . hyponatremia, hloremic alkalosis, and hypokalemia. Serum 
in and urine electrolyte determinations are particularly important when 
RU Ihe patient is vomiting excessively or receiving parenteral fluids. Medi- 
-Cation such as digitalis may also influence serum electrolytes. Hypo- 
. .. kalemia moy develop with furosemide as with any other potent 
. diuretic, especially with brisk diuresis, when cirrhosis is present, or 
| uring Concomitant use of corticosteroids or ACTH. Interference with 
|. Qdet oral electrolyte intake will also contribute to hypokalemia 
. Digitalis moy exaggerate metabolic effects of hypokalemia, especially 
k with reference to myocardial activity. Asymptomatic hyperuricemia 
-Can occur and gout moy rarely be precipitated. Increases in blood 
. glucose and alterations in glucose tolerance tests with abnormalities 
: une fasting and two-hour postprandial sugar have been observed, 
. and rare cases of precipitation of diabetes mellitus have been 
TÉ . Furosemide may lower serum calcium levels, and rare 
.. Cases of tetany have been reported. Periodic serum calcium levels 
. . Should be obtained. Reversible elevations of BUN may be seen. These 
- .. have been observed in association with dehydration, which should be 
... Qvoided, particularly in patients with renal insufficiency. Patients 
.  feceiving high doses of salicylates in conjunction with furosemide 
. May experience salicylate toxicity at lower doses because of competi- 
. five renal excretory sites. Furosemide has a tendency to antagonize 
. the effects of tubocurarine and may potentiate the action of succinyl- 
Choline. Lithium generally should not be given with diuretics becouse 
-they reduce its renal clearance and add a high risk of lithium toxicity 
... Diuretics such as furosemide may enhance the nephrotoxicity of 
... cephaloridine. Therefore, furosemide and cephaloridine should not be 
l -administered simultaneously Furosemide may decrease arterial 
- . responsiveness to norepinephrine. This diminution is not sufficient to 
pf 4 ewe effectiveness of the cons ca for therapeutic use. I! has 
- been reported in the literature that coadministration of indomethacin 
. . moy reduce the natriuretic and antihypertensive effects of Lasix (furo- 
_ semide) in some patients. This effect has been attributed to inhibition 
-of prostaglandin synthesis by indomethacin. indomethacin may also 
.. affect plasma renin levels and aldosterone excretion: this should be 
. borne in mind when a renin profile is evaluated in hypertensive 
. patients. Patients receiving both indomethacin and Lasix (furosem- 
de) should be observed closely to determine if the desired diuretic 
d/or antihypertensive effect of Lasix (furosemide? is achieved 


my PREGNANCY: Pregnancy Category C. Furosemide has been shown to 
. Cause unexplained maternal deaths and abortions in rabbits at 2. 4 
. and 8 times the human dose. There are no adequate and well-con- 
. trolled studies in Legnani women. Furosemide should be used during 
if the potential benefit justifies the potential risk to the 
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.. Jaundice), pancreatitis, dizziness, vertigo, poresthesios, headache, 
.. xanthopsia, blurred vision, tinnitus and hearing loss, anemia, leuko- 
"T penia, is (rare), thrombocytopenia, aplastic anemia 








exaggerated by alcohol, barbiturates, or narcotics. Other adverse 
bactions include hyperglycemia, glycosuria, hyperuricemia, muscle 
weakness, restlessness, urinary bladder spasm, 
i Q66395-985 


-Roussel Pharmaceuticals Inc. _ Hoechst H 
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6 Toshiba Corporation, 1-1, Shibaura, I-chome, Minato-Ku, Tokyo 105. Tel. 457-3273/3269, telex j 2258 








A new generation 
enters the field of 
cardiac diagnosis. 





Ultrasound imaging has reached a new level of 
excellence. The Toshiba SSH-60A was designed to 
give the cardiologist maximum mobility and ease 
of operation. It's compact, lightweight and can be 
moved quickly to where it’s needed. 

We made the phased array probe smaller than 
ever, hereby reducing body surface contact to a min- 
imum. With the Doppler unit, you can switch from 
pulsed to CW Doppler, using the same compact 
duplex probe. Easy flow diagnosis is achieved, 
with the steerable Doppler beam from the 
duplex CW probe. A split 
B CREE: IO tei eel CLS VOU view 
B modes and Doppler spéttra 
simultaneously, allowing dia- 
gnosis of blood flow abnor- 
malities with great pre- 
cision. , 

The SSH-60A is a ver- 8a 
satile and - above all - 
cost-effective system in 
Toshiba's SSH-series, 
which includes the 65A, 
complete with the revolu- 
tionary color flow 
mapping system. 





he scope of diagnosis. 


'oshiba America Inc., Medical System Division, 2441 Michelle Drive, Tustin, CA 92680. Tel. (714) 730-5000. 
oshiba (Australia) PTY. LTD, Medical Division, 6-8 Byfield Street, North Ryde NSW 2113. Tel. (02) 888 3411 





Like other antiarrhythmics, tocainide has not been second- or third-degree atrioventricular block in the 


shown to prevent sudden death, and also, like other absence of an artificial ventricular pacemaker. 
antiarrhythmics, it has potentially serious adverse 

effects including the ability to worsen arrhythmias. Agranulocytosis, bone marrow depression, leuko- 
Clinical and electrocardiographic evaluation should penia, hypoplastic anemia, and thrombocytopenia 
be used to periodically assess the need for therapy. have been reported in patients receiving TONOCARD; 


fatalities have occurred. Blood counts are recom- 
TONOCARD® (Tocainide HCI, MSD) is contraindicated mended within the first two to three weeks of therapy 
in patients who are hypersensitive to this product orto ^ and periodically thereafter. See Prescribing Informa- 
local anesthetics of the amide type and in patients with tion for details. 
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For a Brief Summary of Prescribing Information, please see last page of this advertisement. 
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General 


TONOCARD® (Tocainide HCl | MSD) 

Like other antiarrhythmics, tocainide has 
not been shown to prevent sudden death in 
patients with serious ventricular ectopic 
activity, and also, like other antiarrhythmics, 
it has potentially serious adverse effects, 
including the ability to worsen arrhythmias. 
It is therefore essential that each patient 
given tocainide be evaluated electrocardio- 
graphically and clinically prior to, and during, 
tocainide therapy to determine whether the 
response to tocainide supports continued 
treatment. 

CONTRAINDICATIONS 

Patients who are hypersensitive to 
this product or to local anesthetics of 
the amide type. 

Patients with second or third degree atrio- 
ventricular block in the absence of an arti- 
ficial ventricular pacemaker. 


WARNINGS 

Blood Dyscrasias: Agranulocytosis, bone 
marrow depression, leukopenia, hypoplastic 
anemia and thrombocytopenia have been 
reported in patients receiving TONOCARD. 
Many of these events occurred in patients 
who were seriously ill and who were receiving 
concomitant drugs; fatalities have occurred. 
Since most of these events have been noted 
during the first 12 weeks of therapy, it is 
recommended that blood counts, including 
differential and platelet counts, be performed 
at least once within the first two to three 
weeks of therapy; and periodically thereafter. 
particularly within the first three months of 
therapy. Blood counts should be performed 
promptly if the patient develops any signs of 
infection (such as fever, chills, sore throat, or 
stomatitis), bruising, or bleeding. If any of 
these hematologic disorders is identified, 
TONOCARD should be discontinued and 
appropriate treatment should be instituted if 
necessary Blood counts usually return to 
normal within one month of discontinuation. 
Caution should be used in patients with pre- 
existing marrow failure or cytopenia of any 
type. (See ADVERSE REACTIONS). 

Acceleration of Ventricular Rate: Accelera- 
tion of ventricular rate occurs infrequently 
when antiarrhythmics are administered to 
patients with atrial flutter or fibrillation (see 
ADVERSE REACTIONS). 
PRECAUTIONS 


Pulmonary Fibrosis: Pulmonary fibrosis, 
interstitial pneumonitis, fibrosing alveolitis, 
pulmonary edema, and pneumonia, possibly 
drug related, have been reported in patients 
receiving TONOCARD. Many of these events 
occurred in patients who were seriously ill. 
The experiences are usually characterized by 
bilateral infiltrates on x-ray and are frequently 
associated with dyspnea and cough. Fever 
may or may not be present. Patients should 
be instructed to promptly report the develop- 
ment of any pulmonary symptoms such as 
exertional dyspnea, cough or wheezing. Chest 
x-rays are advisable at that time. If these 
pulmonary disorders develop, TONOCARD 
should be discontinued. (See ADVERSE 
REACTIONS). 

In patients with known heart failure or 
minimal cardiac reserve, TONOCARD should 
be used with caution because of the potential 
for aggravating the degree of heart failure. 

Caution should be used in the institution or 


continuation of antiarrhythmic therapy in the 


presence of signs of increasing depression 
of cardiac conductivity. 

In patients with severe liver or kidney dis- 
ease, the rate of drug elimination may be 
significantly decreased (see DOSAGE AND 
ADMINISTRATION). 

Since antiarrhythmic drugs may be ineffec- 
tive in patients with hypokalemia, the pos- 
sibility of a potassium deficit should be 
explored and, if present, the deficit should 
be corrected. 

Like all other oral antiarrhythmics, 
TONQJZCARD has been reported to increase 
arrhythmias in some patients (see ADVERSE 
REACTIONS). 

Information for Patients 

Patients should be instructed to promptly 
report the development of bruising or bleed- 
ing; any signs of infections such as fever, 
chills, sore throat, or soreness and ulcers in 
the mouth; or any pulmonary symptoms, such 
as exertional dyspnea, cough, or wheezing. 
Laboratory Tests 

As with other antiarrhythmics, abnormal 







CEF M 
t | € 


TONOCARD® (Tocainide HC! | MSD) 
liver function tests, particularly in the early 
stages of therapy, have been reported. 
Periodic monitoring of liver function should 
be considered. Hepatitis and jaundice have 
been reported in some patients. 

Drug Interactions 

Specific interaction studies with digoxin 
and metoprolol have been conducted, no clini- 
cally significant interaction was seen with 
digoxin, but tocainide and metaprolol had 
additive effects on wedge pressure and car- 
diac index. TONOCARD has also been used 
in open studies with digitalis, beta-blocking 
agents, other antiarrhythmic agents. anti- 
coagulants, and diuretics, without evidence of 
Clinically significant interactions. Neverthe- 
less, caution should be exercised in the use 
of multiple drug therapy. 

TONOCARD is equally effective in digi- 
talized and non-digitalized patients. In 17 
patients with refractory ventricular arrhyth- 
mias on concomitant therapy, serum digoxin 
levels (1.1 «0.4 ng/mL) remained in the 
expected normal range (0.5-2.5 ng/mL) during 
tocainide administration. 

Pregnancy 

Pregnancy Category C. In a teratogenicity 
study in rabbits, tocainide was administered 
orally at doses of 25, 50, and 100 mg/kg/day 
(about 1 to 4 times the usual human dose). 
No evidence of a drug-related teratogenic 
effect was noted; however, these doses were 
maternotoxic and produced a dose-related 
increase in abortions and stillbirths. In a 
teratogenicity study in rats, an oral dose of 
300 mg/kg/day (about 12 times the usual 
human dose) showed no evidence of treat- 
ment-related fetal malformations, but mater- 
notoxicity and an increase in fetal resorptions 
were noted. An oral dose of 30 mg/kg/day 
(about twice the usual human dose) did not 
produce any adverse effects. 

In reproduction studies in rats at materno- 
toxic oral doses of 200 and 300 mg/kg/day 
(about 8 and 12 times the usual human dose, 
respectively), dystocia, and delayed parturi- 
tion occurred which was accompanied by an 
increase in stillbirths and decreased survival 
in offspring during the first week postpartum. 
Growth and viability of surviving offspring 
were not affected for the remainder of the 
lactation period. 

There are no adequate and well-controlled 
studies in pregnant women. TONOCARD 
should be used during pregnancy only if the 
potential benefit justifies the potential risk 
to the fetus. 

Nursing Mothers 

Itis not known whether tocainide is secreted 
in human milk. Because many drugs are 
secreted in human milk and because of the 
potential for serious adverse reactions in 
nursing infants from TONOCARD. a decision 
should be made whether to discontinue nurs- 
ing or to discontinue the drug. taking into 
account the importance of the drug to the 
mother. 

Pediatric Use 

Safety and effectiveness in children have 

not been established. 


ADVERSE REACTIONS 

TONOCARD commonly produces minor, 
transient, nervous system and gastrointestinal 
adverse reactions, but is otherwise generally 
well tolerated. TONOCARD has been evalu- 
ated in both short-term (n — 1,358) and long- 
term (n — 262) controlled studies as well as 
a compassionate use program. Dosages were 
lower in most of the controlled studies (1200 
mg/day) and higher in the compassionate use 
program (1800 mg and more). In long-term 
(2-6 months) controlled studies, the most fre- 
quent adverse reactions were lightheaded- 
ness/dizziness (15.3 percent), nausea (14.5 
percent), paresthesia/numbness (9.2 percent). 
and tremor (B.4 percent). These reactions were 
generally mild, transient, dose-related and 
reversible with a reduction in dosage. by 
taking the drug with food, or by therapy dis- 
continuation. Tremor, when present, may be 
useful as a clinical indicator that the maxi- 
mum dose is being approached. Adverse reac- 
tions leading to therapy discontinuation 
occurred in 21 percent of patients in long- 
term controlled trials and were usually related 
to the nervous system or gastrointestinal 
system. 

Adverse reactions occurring in greater than 
one percent of patients from the short-term 
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TONOCARD: (Tocainide HC! | MSD) 
and long-term controlled studies appear in 
the following table: 

Percent of Patients 
Controlled Studies 
Short-term Long-term 
(n=1,358) (n=262) 


NERVOUS SYSTEM 


Lightheadedness/ 

dizziness/vertigo/ 

giddiness 8.0 15.3 
Parasthesia/ 

numbness "29.5 9.2 
Tremor/quivering/ 

tremulousness 29 84 
Confusion/ 

cisorientation/ 

hallucinations 2.1 2.7 
Altered mood/ 

awareness 1.5 3.4 
Restlessness/ 

shakiness/ 

nervousness 1.5 0.4 
Blurred vision/visual 

disturbances 1.3 1.5 
Discoordination/ 

unsteadiness/ 

walking 

disturbances 1.2 0.0 
Anxiety 17 1.5 
Tinnitus/hearing loss 0.4 1.5 
Ataxia 0.2 3.0 
Nystagmus 0.0 1.1 
GASTROINTESTINAL SYSTEM 
Nausea 15.2 14.5 
Vomiting 8.3 4.6 
Anorexia 1.2 1.9 
Diarrhea/loose stools 0.0 3.8 
CARDIOVASCULAR SYSTEM 
Hypotension 3.4 2.7 
Bradycardia 1.8 0.4 
Palpitations 1.8 0.4 
Chest Pain 1.6 0.4 
Conduction 

disturbances 1.5 0.0 
Left ventricular 

failure 1.4 0.0 
OTHER 
Sweating/cold sweat/ 

night sweats/ 
clammy 5.1 2.9 

Headache 2.1 46 
Tiredness/drowsiness/ 

fatigue/lethargy/ 

lassitude/ 

sleepiness 1.6 0.8 
Hot/cold feelings 0.5 1.5 
Rash/skin lesion 0.4 84 


An additional group of about 2,000 patients 
has been treated in a program allowing for 
the use of TONOCARD under compassionate 
use circumstances. These patients were seri- 
ously ill with the large majority on multiple 
drug therapy, and comparatively high doses 
of TONOCARD were used. Fifty-four percent 
of the patients continued in the program for 
one year or longer, and 12 percent were 
treated for longer than three years, with the 
longest duration of therapy being nine years. 
Adverse reactions leading to therapy discon- 
tinuation occurred in 12 percent of patients 
(usually central nervous system effects or 
rash). A tabulation of adverse reactions 
occurring in one percent or more of patients 
follows: 








Percent of 
Patients 
Compassionate 
Use 
(n= 1.927) 

NERVOUS SYSTEM 
Lightheadedness/dizziness/ 

vertigo/giddiness 25.3 
Tremor/quivering/ 

tremulousness 21.6 
Restlessness/shakiness/ 

nervousness 11.5 
Confusion/disorientation/ 

hallucinations 11.2 
Altered mood/awareness 11.0 
Ataxia 10.8 
Blurred vision/visual 

disturbances 10.0 
Paresthesia/numbness 9.2 
Nystagmus 1.1 
GASTROINTESTINAL SYSTEM 


Nausea 246 
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TONOCARD: (Tocainide HC! | MSD) 
Percent of 
Patients 
Compassionate 
Use 
(n= 1,927) 
Anorexia 11.3 
Vomiting 9.0 
Diarrhea/loose stools 68 
CARDIOVASCULAR SYSTEM 
Increased ventricular 


arrhythmias/PVCs 10.9 
CHF /progression of CHF 40 
Tachycardia 32 
Hypotension 1.8 
Conduction disturbances 1.3 
Bradycardia 10 
OTHER 
Rash/skin lesion 12.2 
Sweating/cold sweat/night 

sweats/clammy 8.3 
Arthritis/arthralgia 47 
Myalgia ik 
Lupus 1.6 


Adverse reactions occurring in less than 


one percent of patients in eitner the con- 


trolled studies or the compassionate use pro- 
gram or since the drug was marketed are as 
follows: 

Nervous System: Coma, convulsions/sei- 
zures, depression, psychosis, mental change. 
agitation, altered taste/smell, difficulty con- 
centrating, diplopia, dysarthria, impaired 
memory, increased stuttering/slurred speech, 
insomia/sleeping disturbance, local anes- 
thesia, nightmares, thirst, weakness. myas- 
thenia gravis. 

Gastrointestinal System: Abnormal liver 
function tests, hepatitis. jaundice, (see PRE- 
CAUTIONS), stomatitis; abdominal pain/dis- 
comfort; constipation; dysphagia; gastroin- 
testinal symptoms (including dyspepsia). 

Cardiovascular System: Ventricular fibril- 
lation, extension of acute myocardial infarc- 
tion, cardiogenic shock, angina, AV block, 
hypertension, increased QRS duration, 
pleurisy/pericarditis, prolonged QT interval, 
right bundle branch block, syncope. vaso- 
vagal episodes, cardiomegaly, sinus arrest. 

Pulmonary System: Respiratory arrest, 
pulmonary edema, pulmonary embolism. pul- 
monary fibrosis, fibrosing alveolitis, interstitial 
pneumonitis, pneumonia, dyspnea. 

Other: Hematologic disorder (agranulocy- 
tosis, bone marrow depression, hypoplastic 
anemia, anemia, leukopenia, thrombocyto- 
penia), increased ANA, urinary retention, 
polyuria/increased diuresis, alopecia, cin- 
chonism, claudication, cold extremities. dry 
mouth, earache, edema. fever, hiccups, itch- 
ing, leg cramps, malaise, metallic/menthol 
taste, muscle twitching/spasm, neck pain. 
pain radiating from neck, pallor/flushed face, 
pressure on shoulder, yawning. 

Agranulocytosis, bone marrow depression. 
leukopenia, hypoplastic anemia, and thrombo- 
cytopenia have been reported (0.18 percent) 
in patients receiving TONOCARD in controlled 
trials and the compassionate use program. 
Many of these events occurred in patients 
who were seriously ill or who were receiv- 
ing concomitant drugs, fatalities have 
occurred. Most of these events have been 
noted during the first 12 weeks of therapy. 
(See WARNINGS). 

Pulmonary fibrosis, interstitial pneumonitis, 
fibrosing alveolitis, pulmonary edema, and 
pneumonia, possibly drug related, have been 
reported in patients receiving TONOCARD. 
The incidence of pulmonary fibrosis (including 
interstitial pneumonitis and fibrosing alveolitis) 
was 0.11 percent in controlled trials and the 
compassionate use program. These events 
usually occurred in seriously ill patients. 
Symptoms of these pulmonary disorders and/ 
or x-ray changes usually occurred following 
3-18 weeks of therapy and two patients died. 
(See PRECAUTIONS). 


HOW SUPPLIED 
Tablets containing 400 mg (scored) or 600 mg 
in bottles of 100 and unit-dose packages of 
100. 


For more detailed information consult your 

MSD Representative and the Prescribing In- 
formation. Merck Sharp & Dohme, Division 

of Merck & Co., INc., West Point, PA 19486. 
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SpaceLabs, Inc., 4200 150th Avenue N.E., P.O. Box 97013, Redmond, WA 98073-9713 (206) 882-3700 


For steady maintenance following 
cardioversion of supraventricular, 
ventricular, and atrial tachyarrhythmias 


u Maintains normal sinus rhythm 
B Full quinidine cardiodynamics 


m Greater gastrointestinal tolerance 


than with quinidine sulfate” 


u Convenient b.i.d. or t.i.d. dosage 


"Bibliography available upon request. 


INDICATIONS AND USAGE: CARDIOQUIN Tablets are indicated as maintenance therapy after 
ntaneous and electrical conversicn of atrial tachycardia, flutter or fibrillation and in the treatment 
premature atrial and ventricular contractions, paroxysmal atrial tachycardia, paroxysmal A-V 
unctional rhythm, atrial flutter, paroxysmal atrial fibrillation, established atrial fibrillation when 
de ai opriate, and PRIM ventricular tachycardia when not associated with complete 
*eartblock. TRAINDICATIONS: History of hypersensitivity to quinidine, comolete A-V block; 
?omplete bundle branch block or other severe intraventricular conduction defects, myasthenia 
ravis, ar/hythmias associated with digitalis toxicity. WARNINGS: in the treatment of atrial 
ibrillationwith rapid verricular response, use diyitalis to control ventricular rate prior to administra- 
ton of quinidicia. In the treatment of atrial flutter, 'eversion to sinus rhythm may be preceded by 
Yogressive reduction in the degree of A-V biock to a 1:1 ratio resulting in an extremely high 
renincular rate. This potential hazard may be reduced by digitalization prior to administration of 
juinidine. Potentially toxic digoxin clasma levels may occur when quinidine s administered 
'oncurrently. Consider reducing digoxin dosage and monitoring for digitalis toxicity. Evidence 
X quinidine cardiotoxicity. (increased P-R and Q-T intervals, 50% widening of QRS, and/or 
rentricular ectopic beats or tachycardia) mandates immediate discontinuation of the drug, and/or 
dose clinical and electrocardiographic monitoring. NOTE: Quinidine effect is enhanced by 
otassium and reduced in the presence of hypokalemia. Quinidine should be used with extreme 
‘aution in the presence of incomplete A-V block, since complete block and asystole may resuit. 
Juinidine may cause abnormalities of rhythm in digitalized patients: therefore, it should be used 
with caution in the presence of digitalis intoxication. Caution is also called for in patients exhibiting 
enal cardiac or hepatic insufficiency because of potential toxic accumulation of quinidine in 
asma. PRECAUTIONS: A preliminary test dose of a single tablet of quinidine sittate may be 
idministered to determine if the patient has an idiosyncracy to quinidine. ECG monitoring and 
letermination of plasma quinidine levels are recommended when doses greater than 2:5 g/day are 
idministered. Periodic blood counts and liver and kidney function tests should be »erformed during 
eng-teun therapy. 


urdue Frederick 


! COPYRIGHT 1982, THR PURDUE FREDERICK COMPANY/NORWALK, CT 06856 PFR-003/82 


DRUG INTERACTIONS OF QUINIDINE: 


DRUG EFFECT 

With anticholinergic drugs Additive Maie Ke effect. 

With cholinergic drugs Antagonism of cholinergic effects. 

With carbonic anhydrase inhibitors, sodium Alkalinization of urine resulting in decreased 
bicarbonate. thiazide diuretics excretion of quinidine, 


With coumarin anticoagulants 

With tubocurare, succinyicholine and 
decamethonium 

With phenothiazines and reserpine 

With hepatic ^nzyme-inducing drugs 
(phenobarbital, phenytoin, rifampin) 

With digoxin 


Reduction of clotting factor concentrations 
Potentiation of neuromuscular blockade. 


Additive cardiac depressive effects. 
Decrsased plasma half-life of quinidine, 


Increased plasma concentrations of digoxin 
(see WARNINGS) 


PREGNANC Y: The use cf quinidine in pregnancy should be reserved only for those cases where 
the benefits outweigh the possible hazards to the patient and fetus, NURSING MOTHERS: The 
drug should be used with caution due to excretion of the quinidine in breast milk. ADVERSE 
REACTIONS: SYMPTOMS OF CINCHONISM (ringing in the ears, nausea, headaches, and/or 
disturbed vision) may appear in sensitive patierts after à enge dose of the drug. GASTROINTES- 
TINAL: Diarrhea. nausea, vomiting. abdominal pain. CARDIOVASCULAR: Widening of QRS 
compiex, cardiac asystole, ventricuiar ectopic beats, idioventricular rhythms (including ventricular 
tachycaruia and fibrillation), paradoxical tachycardia, arterial embolism, and hypotension. HEMA- 
TOLOGIC: Acute hemolytic anemia, hypoprothrombinemia, thrombocytopenic purpura, agranulo- 
Cytosis. CNS: Headache, fever, vertigo, apprehension, excitement, confusion, delirium, and 
Syncope. disturbec hearing (tinnitus, decreased auditory acuity), disturbed visior’ (mydriasis, 

urred vision, disturbed color ieee reduced vision field, photophobia, diplopia, night 
blindness, scotomata), optic neuritis, DERMATOLOGIC: Rash, cutaneous flushing with intense 
pruritus, urticaria. HYPERSENSITIVITY REACTIONS: Angioedema, acute asthmatic episode, 
eren collapse, respiratory arrest. hepatic toxicity. See package insert for Full Prescribing 
nformation 
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A Symposium: Role of Calcium Entry-Blocking Drugs in Hypertension 


Introduction 


EDWARD D. FROHLICH, MD 


This 3-day symposium on “The Role of Calcium En- 
try-Blocking Drugs in Hypertension" brought togeth- 
er some of the leading investigators from around the 
world to discuss the latest advances in the field of 
hypertension therapy, including the applicability of 
calcium blockers. 

The story of the calcium entry-blocking agents is 
remarkably similar to that of the 8-blocking drugs. 
Although the first of the currently used 8 blockers 
appeared in 1964 (and it was even earlier for others), it 
was a long time before they were approved for the 
treatment of hypertension in the United States, some 
years after their approval for treatment of angina pec- 
toris. In comparison, calcium antagonists were identi- 
fied in 1962 as agents effective in treating acute hyper- 
tension. Their approval in the U.S. for angina followed 
20 years later, and we are still awaiting approval for 
their use in hypertension. 

The pioneer in delineating the properties of the cal- 
cium-channel blockers, Dr. Albrecht Fleckenstein, 
presented his recent work on the anticalcinotic (and 
antiarteriosclerotic) effects of calcium antagonists to 
begin the symposium. The effectiveness of calcium 
blockers as antihypertensive agents was the focus of 
several presentations. Dr. Fritz Buhler outlined the 
antihypertensive effects of these drugs, and pointed 
out that we have an additional calcium blocker—dil- 
tiazem—with which there is now considerable exper- 
ience in the treatment of hypertension. As Dr. Barry 
Massie indicated, the calcium blockers verapamil, ni- 
fedipine and diltiazem are each comparable in efficacy 
to 8 blockers. Drs. Barry Materson and Marvin Moser 
and their colleagues showed that diltiazem was as ef- 
fective as hydrochlorothiazide in treating hyperten- 
sion in black patients. Drs. Robert O'Rourke and Wil- 
liam Frishman cited studies showing that calcium an- 
tagonists are effective therapy for patients with 
hypertension and concomitant ischemic heart disease 
with angina pectoris. 





Address for reprints: Edward D. Frohlich, MD, Vice President, 
Education and Research, Alton Ochsner Medical Foundation, 1516 
Jefferson Highway, New Orleans, Louisiana 70121. 


The role of the kidney in hypertension and in its 
treatment was another key topic discussed during the 
symposium. As Dr. Norman Hollenberg summarized, 
treatment strategies must take into account the renal 
response, because each class of antihypertensive drug 
has a different, and often limiting, effect on the kidney 
and vice versa. 

The basic mechanism of action of the calcium 


blockers in hypertension—to dilate the blood vessels, - 


thereby lowering blood pressure and reducing vascular 
resistance—is well understood. However, the discus- 
sions during this symposium have highlighted certain 
precautions. First, we must appreciate more clearly 


the cardiac effects of these agents—not only do they — 


decrease vascular resistance, but they may also have a 
direct effect on the myocardium. Second, we must 
keep in mind the possible intracellular effect on pro- 
tein synthesis by these agents as we learn the effect of 


these compounds in reducing cardiac mass. Third, we — 


need greater sophistication in our understanding of 





Edward D. Frohlich, MD 
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the intrarenal effects of the calcium-channel blockers. 
Westill do not understand the mechanism of natriure- 
sis—is it a hemodynamic effect, a redistribution of 


- intrarenal flow or a result of selective cellular effects 


_ within the kidney? The concept of intrarenal flow 
. distribution, as it relates to excretion of uric acid, 
. sodium or even calcium may also be important. 


Several interesting concepts have been introduced 
in this symposium that will undoubtedly be expanded 
upon in subsequent years. The prevention of calcinosis 


is intriguing, and its possible role in atherogenesis 


deserves further study. The relation of calcium 
blockers to spasm, especially cerebral vasospasm, was 
discussed by Drs. John and Rosemary Bevan. The 
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interrelation of calcium and magnesium, and their ef- 


fect on hormonal systems and on the intracellular ef- 
fects of calcium, clearly need further definition. Final- 
ly, the possibility that certain concentrations of cal- 
cium either stimulate or inhibit protein synthesis was 
examined, along with the possible selective effect on 
the myocardium; both of these concepts merit further 
investigation. 

The opportunity to exchange up-to-the-minute 
data in a field that is continuously changing is essen- 
tial. The participants in this symposium certainly ap- 
preciated such an opportunity, and it is hoped that the 
reader will find the information compiled in this sym- 
posium supplement interesting and useful. 
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. Experimental Basis of the Long-Term Therapy 
of Arterial Hypertension with Calcium Antagonists 


ALBRECHT FLECKENSTEIN, MD, MARKUS FREY, MD, JÜRGEN ZORN, MD, 
and GISA FLECKENSTEIN-GRUN, MD 





In vascular smooth muscle (as in myocardial fibers) a 
transmembrane supply of Ca** ions is required for 
active tension development. In consequence, Catt 
antagonists, which restrict transmembrane Cat* de- 
' livery, possess a wide scope of action against practi- 
cally all types of vasoconstrictor or spastic reactions 
on coronary, pulmonary, cerebral, renal or mesenteric 
arteries. Another important target of Ca++ antagonists 
is the resistance vessels of systemic circulation in 
both animals and humans. Thus, Ca** antagonists 
are successfully used for the treatment of acute hy- 
pertensive crises as well as for long-term antihyper- 
tensive therapy. 

Spontaneously hypertensive rats (SHRs) also re- 
spond to suitable Ca** antagonists with a dramatic 
fall in blood pressure. The acute spasmolytic effects of 
Ca** antagonists can be directly visualized by oph- 
thalmoscopic examination of the arterioles in the ocu- 
lar fundus. In untreated SHRs these arterioles are 


Excitation is a superficial process at the cell mem- 
brane, whereas contraction is an intracellular phe- 
nomenon. 'Therefore, there is a need for some kind of 
information transfer from the fiber surface to the in- 
ternal contractile elements if the excitatory events are 
to be strictly linked with mechanical reactions. As is 
particularly obvious from observations on myocardial 
fibers and vascular smooth muscle cells, nature has 
solved this difficult problem with the help of Ca** 
ions, which serve as messengers. During the past de- 
cade, definite evidence has been obtained in cardiac 
muscle of the existence of a special transmembrane 
carrier system for Ca** ions, i.e., the so-called slow 
channels that open if the resting potential breaks 
down. 


From the Study Group of Calcium Antagonism, Physiological Institute, 
University of Freiburg, Freiburg, Federal Republic of Germany. 

Address for reprints: Albrecht Fleckenstein, MD, Physiological 
Institute, University of Freiburg, Hermann-Herder Strasse 7, D 7800 
Freiburg, Federal Republic of Germany. 


always heavily constricted, and aneurysm-like lumi- 
nal protuberances develop. In contrast, after 1 ade- 
quate Ca** antagonist dose, blood pressure instan- 
taneously falls to its normal level while the retinal 
arterioles dilate. 

A further important effect of Ca++ antagonists that 
we have demonstrated in experiments on SHRs is the 
prevention of progressive arterial Catt overload, 
which otherwise produces severe calcinotic or arte- 
riosclerotic damage of the arterial walls. However, 
with the help of Catt antagonists, arterial integrity 
can be totally preserved. Interestingly, this anticalci- 


notic arterial protection by Cat* antagonists may also - 


manifest itself independent of any blood pressure 
change. This is true of arterial calcinosis in normoten- 
sive rats because of advanced age, alloxan diabetes 
or intoxication with overdoses of vitamin D3, dihydro- 
tachysterol or nicotine. 

(Am J Cardiol 1985;56:3H-14H) 


In consequence, a transmembrane influx of activa- 
tor Ca** sets in during cardiac excitation, together 
with a liberation of Ca** from certain sarcoplasmic 
stores. The resulting increase in the intracellular con- 
centration of free Ca** ions initiates the splitting of 
adenosine triphosphate (ATP) by the Ca**-depen- 
dent myofibrillar adenosine triphosphatase. In this 
way phosphate-bond energy is transformed into me- 
chanical work. Various positive inotropic agents, e.g., 
adrenergic -receptor stimulants, potentiate the 


‘transmembrane influx of Ca** during cardiac excita- 


tion. In this way, they intensify both splitting of ATP 
and contractile force, while oxygen requirement for 
the subsequent ATP resynthesis increases. Converse- 
ly, every restriction of transmembrane Catt supply by 


simple extracellular Ca** withdrawal, or by agents 


A comprehensive synopsis of these studies has recently been 
given by Fleckenstein.’ The experimental studies were supported by 
grants from the Federal Ministry for Scientific Research and Technol- 
ogy, Bonn, Federal Republic of Germany. 
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that inhibit transmembrane Ca** influx through the 
slow channels, reduces high-energy phosphate con- 
sumption and contractile tension development as well 
as oxygen demand. 

In the early 1960s Fleckenstein studied several 
drugs that were able to modify the Ca**-dependent 
contractile energy expenditure of the ventricular myo- 
cardium.!-? In the course of these investigations, the 
new pharmacologic family of “calcium antagonists” 
was found. These drugs block the slow-channel-me- 
diated transmembrane Ca** entry into the excited 
cardiac fibers in a highly specific way.'?? In addition, 
the existence of an analogous transmembrane carrier 
system for Ca** ions was established in visceral and 
vascular smooth muscle. Interestingly enough, the 
sensitivity of the arterial vasculature to the inhibitory 
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actions of the Ca** antagonists proved to be even 
greater than that of the myocardium. 1410-13 

Figure 1 shows the most important Ca** antago- 
nists identified by Fleckenstein and co-workers since 
1964 on the basis of various electrophysiological, bio- 
physical and biochemical tests.177:9.1416 Only diltiazem 
was added to this new pharmacologic family in 1975 by 
Japanese investigators.!? 

The Ca** antagonists should be subdivided accord- 
ing to the profile of their actions on myocardial fibers 
into 2 groups. The first group, which we call group A, 
comprises the most potent and specific Ca** antago- 
nists such as verapamil, D 600 (the new generic name 
for D 600 is gallopamil), diltiazem, nifedipine and its 
derivatives niludipine, nimodipine, ryosidine and oth- 
er 1,4-dihydropyridine compounds (Fig. 2). We have 


H 


(u F 
O-C< 


F 
COOCH, 


CH, 
CIT ON HR 
cMoJ C'N 
Gallopamil 
(MW 485.6) 


ocoos Diltiazem 
(MW 414.5) 


" c 
CHIC HN CL 


CH, 


CH-CH,:CH,NH-CH-CH, 4 S 
B CO Prenylamine 
(MW 329.5) 


CH, 
I 
CH-CH,-CH,:NH-CH -( X 


. Fendiline 
(MW 315.5) 


i NO, 
u^ NO, 
H 
f H4COOC COOCH; 
Y H4C N CH3 

H 


Nifedipine 


(MW 346.34) (MW 418.45) 


H 


i. °F 
-Cl 
H,C,OOC 


Hi 
OCH 

pod x ? H4COOC 

H4C 


CH 
* H,C NCH, 
Ryosidine 
(MW 367.35) 


Nitrendipine 
(MW 360.37) 


CI NO, 


CI 
H COOC P COOCH,CH, H4COOC 
is 


H.C ^"N'^ CH 
aly i 3 


Felodipine 
(MW 384.26) 


NS 
HC ONSA CH 
3 H 3 


(MW 515.99) 


| Perhexiline 





H 
COOCH,-CH,-OCH, 
l 


Nimodipine 


H 
y COOCH, 


H d 
COOCH, CH4N H.C, OOC 
"es "cH <> ui: 


Nicardipine 





-NO, 
pre T 
HC ch, 
"  Niludipine 
(MW 490.6) 


idis FIGURE 1. Specific calcium antago- 
nists first identified in the Physiologi- 
cal Institute, Freiburg University (with 
the exception of diltiazem). For partic- 
ular references see Fleckenstein. ! 
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FIGURE 2. Highly specific 1,4-dihy- 
dropyridine calcium antagonists de- 
rived from the prototypical substance 
nifedipine. Nifedipine was identified in 
our laboratory as a top calcium antag- 
onist in 1969/1970.1-5.10.13,1416 The 
code name was ''Bay a 1040"; the usu- 
al trade name in Europe is “Adalat.” 
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shown that the substances in group A are capable of 
inhibiting Ca**-dependent excitation-contraction 
coupling of heart muscle by 95% and more, before the 
sodium and magnesium conductivities of the excited 
myocardial sarcolemma membrane are also affected. 
Group B, on the other hand, includes prenylamine, 


'terodiline, fendiline, perhexiline, caroverine and many 


other agents. The drugs of group B are somewhat less 
potent and less specific than those of group A, because 
they also inhibit the fast-channel-mediated sodium 
influx during the rising phase of action potential, if the 
inward Ca** current has been lowered by 50 to 70%. In 
addition, the agents in group B are unable to discrimi- 
nate between certain Ca**- and magnesium-depen- 
dent bioelectric membrane effects; in contrast, the 
Ca** antagonists in group A suppress the Ca**-car- 
ried phenomena selectively.! Therefore, this discus- 
sion focuses on the Ca** antagonists of group A, 
particularly verapamil, nifedipine and diltiazem. 
Moreover, this article deals preferentially with 
the manifestations of Ca** antagonism on vascular 
contractility, which is certainly the most important 
target of Ca** antagonists, at least with respect to the 
particular topic of this supplement. 

In fact, the Ca** antagonists of group A are the most 
efficient agents for suppression of vascular hyperac- 
tivity, which underlies excessive tone or spasms in 
various arteries of the coronary, pulmonary, cerebral, 
renal or intestinal circulation. Moreover, because 
these Ca** antagonists strongly relax the systemic 
resistance vessels they also exhibit outstanding anti- 
hypertensive effects in both animals and humans. 


Antihypertensive Effects of Calcium Antagonists 


Significance of transmembrane calcium supply 
for activation of systemic resistance vessels: How 
do the Ca* *-antagonistic drugs interfere with contrac- 
tile activation of vascular smooth muscle? Taking cor- 
onary smooth muscle as an example, Figure 3 shows 


FIGURE 3. Scheme of the dual source 
of activator Ca** for the tonic and 


s e 
phasic vascular smooth muscle con- RS 
tractions; i.e., (I) potential-or receptor- x5 
dependent transmembrane Ca** sup- Sg 
ply for tonic responses, and (Il) re- ris Ki 


lease of Ca** from cellular stores for 
phasic responses to vasoconstrictor 
agonists. The Ca** antagonists di- 
rectly and most effectively inhibit 
transmembrane Ca** influx, i.e., 
pathway |. However, to a lesser extent 
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Ca** antagonists also interfere with 
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pathway Il, probably indirectly by im- — "esPonse) 

pairing transmembrane replenish- Serotonin 
+F " (Phasic 

ment of cellular Ca** stores. The ex Response) 


act anatomical location of these cellu- 
lar Ca** stores is a pending problem. 
Reprinted from Fleckenstein. ' 
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that there are 2 physiologic sources of activator Catt 
for vasoconstriction. Probably the most important 
pathway (I) by which Ca** is supplied for contractile 
activation consists of a potential or receptor-depen- 


dent Ca** influx through plasma membrane channels, 


as shown in the upper half of Figure 3. Alternating 
electric square wave stimulation, depolarization with 
high extracellular potassium, quick stretch, cardiac 
glycosides and coronary vasoconstrictor agonists such 
as acetylcholine, serotonin and histamine, as well as 
noradrenaline (after previous -receptor blockade), 
open these transmembrane Ca** channels. The re- 
sulting contractile responses are of tonic character and 
are most responsive to the inhibitory action of Ca** 
antagonists. The second alternative pathway (II) is 
shown in the lower half of Figure 3. Here Ca** can be 
released from cellular storage sites by “receptor-oper- 
ated" nonelectric mechanisms. The resulting contrac- 
tile responses to this cellular Ca** release are of phasic 
character. Ca** withdrawal or Ca** antagonists do 
not directly impair the Ca** release from cellular de- 
pots, but inhibit (in a somewhat higher concentration) 
transmembrane replenishment of the Ca** stores af- 
ter Ca** release. 

In considering the 2 alternative pathways, it be- 
comes obvious that the pattern of contractile activa- 
tion of the systemic resistance vessels corresponds 
best with the transmembrane type (I) of Ca** supply, 
which also predominates in the vasculature of the ex- 
tramural coronary stem arteries. Thus, there is a strik- 
ing similarity between the behavior of coronary 
smooth muscle and of the systemic resistance ves- 
sels.L1012.13 For example: 

1. Both extramural coronary wall tension and sys- 

temic flow resistance are highly responsive to 

changes in the extracellular Ca** concentration. 

More precisely, if the transmembrane Ca** supply 

from extracellular sources is interrupted by simple 

Ca** withdrawal or by Ca** antagonists, coronary 
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tension development and systemic arteriolar tone 
break down. 
2. In both coronary smooth muscle and systemic 
resistance vessels, there is a strong natural competi- 
tion between Ca** and hydrogen ions and a high 
sensitivity to any change in their ratio. Therefore, 
accumulation of hydrogen ions, in cases of local or 
general acidosis, always produces vasodilation by 
counteracting Ca** ions. Conversely, alkalosis, by 
lowering the hydrogen ion concentration, potenti- 
ates the vasoconstrictor effects of Ca** ions.L1.17,18 
In all probability, hydrogen ions inhibit transmem- 
brane Ca** entry in coronary arteries and resistance 
vessels, and also interfere with the Ca* *-dependent 
internal activation of myofibrillar adenosine tri- 
phosphatase. 
3. Ata constant, normal pH, excessive Ca* * -depen- 
dent tone of the coronary vasculature and the sys- 
temic resistance vessels can best be lowered by the 
use of Ca** antagonists. Interestingly enough, the 
Ca** antagonists of group A with the strongest va- 
sodilator effects on the coronary vasculature also 
reduce the flow resistance in systemic circulation 
with a similarly high efficacy. 
Experimental evidence of therapeutic blood 
pressure control with calcium antagonists: The 


. long series of clinical investigations on the antihyper- 


tensive effects of Ca** antagonists began with verapa- 


mil even before the Ca**-antagonistic mechanisms of 
action of this drug had been generally recognized. 
Apart from early experimental observations in our 
laboratory, 4 clinical research groups directed by 


- Heidland,?? Brittinger et al,? Bender?! and Belz? car- 


. ried out the first therapeutic trials in different Ger- 
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man clinics in the middle and late 1960s, independent 
of one another. They were particularly interested in 
the acute antihypertensive effects of verapamil. Brit- 
tinger and co-workers realized the usefulness of vera- 
pamil in the treatment of hypertensive crises.?? 
Moreover, Japanese physicians in the early 1970s 
recognized the therapeutic value of verapamil in 
chronic hypertension as well and applied it for stroke 
prophylaxis. 

A detailed analysis of the Ca** dependency of coro- 
nary and systemic vascular resistance and its acute 
attenuation by the Ca** antagonists verapamil, gallo- 
pamil and nifedipine was published in 1972 by Grün 
and Fleckenstein.!? Subsequently, in order to visualize 
the antihypertensive effects of verapamil?? and other 
Ca** antagonists in long-term studies, we treated 
spontaneously hypertensive rats (SHRs) with daily 
oral doses for 4 to 18 months. The therapy was always 
started at the age of 1 month. As can be seen from the 
upper curve in Figure 4, hypertensive rats that were 
not given a Ca** antagonist showed an increase of 
blood pressure of nearly 100% within 5 months, up to 
approximately 200 mm Hg. In contrast, hypertensive 
rats treated with verapamil behaved like normoten- 
sive control Wistar Kyoto rats (WKYs) of the same 
age—the blood pressure of the verapamil-treated rats 
(represented by the hatched curve) remained at the 
low level of 110 mm Hg. However, when the therapy 
was discontinued, arterial blood pressure rapidly rose 
within a day to the high level of untreated hyperten- 
sive rats. 

Nifedipine and other Ca**-antagonistic 1,4-dihy- 
dropyridine derivatives have also been shown in our 
studies to exert antihypertensive actions. This applies 
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for nifedipine, nimodipine, nisoldipine, nitrendipine, 
niludipine, ryosidine, felodipine and nicardipine. Dil- 
tiazem also belongs to this class of antihypertensive 
Catt antagonists. Figure 5 represents observations 
obtained from SHRs. Here, normalization of blood 
pressure was achieved by acute oral treatment with 
diltiazem, after hypertension of more than 200 mm Hg 
had been fully maintained for at least 14 months dur- 
ing a previous observation period of 19 months. This 
experiment shows a true therapeutic effect, in contrast 
to the antihypertensive prophylaxis in the foregoing 
studies. 

In recent years, nifedipine and other Ca** antago- 
nists have also been shown to exert antihypertensive 
actions in other disease models. For instance, normal- 
ization of high blood pressure by chronic treatment 
with nifedipine was also observed in sodium-loaded, 
salt-sensitive Dahl rats.?* Similarly, conscious renal- 
hypertensive dogs are rather responsive to Ca** an- 
tagonists. As shown by Hiwatari and Taira,” an acute 
fall of blood pressure could be obtained in these ani- 
mals with 1 oral dose of niludipine 1 to 3 mg/kg. Diltia- 
zem also proved to be effective in the treatment of 
spontaneously hypertensive, renal-hypertensive and 
desoxycorticosterone/saline-loaded hypertensive 
rats.?6 

Parallel suppression of hypertension and arte- 
rial calcium overload with calcium antagonists: 
According to our observations with the Ca** antago- 
nists of group À, a strong antihypertensive action is 
common to all these agents. Differences in strength 
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FIGURE 5. Instantaneous normalization of arterial blood pressure of 
19-month-old spontaneously hypertensive rats after oral administra- 
tion of 1 dose of nitrendipine (n = 14) or diltiazem (n = 9). Before 
administration of nitrendipine or diltiazem, the spontaneously hyper- 
tensive rats had maintained a blood pressure level 7200 mm Hg for 
at least 14 months (see Fig. 6A, upper curve). In response to the Catt 
antagonists, the arteriolar spasm in the ocular fundus disappeared 
simultaneously with the acute fall in blood pressure, whereas the 
aneurysms persisted. Spontaneously hypertensive rats, at an age 
<12 months, tolerated the acute lowering of blood pressure without 
undesired adverse effects. Two heavily arteriosclerotic 19-month-old 
rats (out of 23) died within 24 hours after administration of the Ca** 
antagonists. 


can usually be compensated for by adjusting the dose. 
Another effect shared by all antihypertensive Ca** 
antagonists of group A is the prevention of excessive 
Ca** accumulation in the arterial walls.11227-30 In un- 
treated hypertensive rats, the Ca** content of the 
arterial walls steadily rises until, at an age of 18 to 20 
months, it may reach a value that is approximately 2 to 
3 times as high as in normotensive control WKYs of 
the same age. However, using Ca** antagonists, both 
blood pressure and arterial Ca** content could be 
kept at normal levels seen in these long-term experi- 
ments. Figure 6 shows a series of observations on 
SHRs with or without prophylactic oral administra- 
tion of nitrendipine. In fact, corresponding to the com- 
plete prevention of hypertension over an observation 
period of 18 months, there was also no abnormal in- 
crease in the Ca** content of the aortic and mesenteric 
arterial walls. In none of these experiments with Ca** 
antagonists of group A have we found any dissociation 
between their antihypertensive and their anticalcino- 
tic actions. 

Prevention of severe arteriolar constriction 
and arterial damage by long-term treatment of 
spontaneously hypertensive rats with calcium an- 
tagonists: In SHRs, which are generally regarded to 
resemble human patients with essential hypertension, 
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FIGURE 6. Parallel prevention of both hypertension (upper panel) and 
Cat* overload of the aortic and mesenteric walls (bottom panel) by 
prophylactic oral treatment with nitrendipine over 18 months. 
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the increase in systemic arteriolar tone can be visual- 
ized directly by examination of the ocular fundus. As 
already known from observations by Takahashi,*! the 
caliber of the retinal arterioles diminishes in SHRs 
during the period of progressive blood pressure eleva- 
tion. In consequence, the ratio of the caliber of the 
retinal arterioles to that of the veins, which is normally 
around 1:2, changes considerably. In our studies, the 
arteriolar diameter in the state of fully developed hy- 
pertension was only about one-fourth of that of the 


accompanying retinal veins (Fig. 7A and B). However, 
apart from uniform spastic constriction, irregularities 
of the arteriolar diameter appear in the form of inden- 
tations, aneurysmal dilations or “rosary-like” alterna- 
tions of extremely narrowed and expanded sections. 
There is a clear time-dependent progression of these 
luminal irregularities in that the ocular arterioles of 3- 
month-old hypertensive rats only exhibited a uniform 
constriction, whereas at a later stage, the occurrence of 
aneurysm-like protuberances became more frequent. 





FIGURE 7: A, Normal ocular fundus of nonhypertensive WKY control rat. Note the veins (large diameter) and the arterioles (smaller diameter). B, 
Severe arteriolar vasoconstriction and development of aneurysm-like caliber irregularities in untreated 19-month-old spontaneously hypertensive 
rats. There is absence of discernible alterations in width and structure of the veins. C, Complete prevention of arteriolar spasm and aneurysm-like 
caliber irregularities in 19-month-old spontaneously hypertensive rats by long-term treatment with Ca** antagonists over 18 months. Top, Treated 
with daily oral dose of verapamil (100 to 150 mg/kg) in diet calculated from food consumption. Middle, Treated with daily dose of nitrendipine (2 X 
100 mg/kg) via stomach tube. Bottom, Treated with daily dose of nisoldipine (2 X 100 mg/kg) via stomach tube. 
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Accordingly, our ophthalmoscopic photographs of the 
ocular fundus of several series of untreated 19-month- 
old hypertensive rats revealed an incidence of aneu- 
rysm-like caliber irregularities of 75 to 85%. 

With the use of Ca** antagonists, however, all these 
severe arteriolar changes could be totally prevented in 
the overwhelming majority of hypertensive rats (Fig. 
7C). In fact, the ocular arterioles of 60 Ca**-antago- 
nist-treated SHRs kept in the physiologic blood pres- 
sure range over 18 months showed no constriction, and 
showed minor luminal irregularities in only a few 
cases. The order of protective potency of the Catt 
antagonists tested to date over 18 months is nitrendi- 
pine = nisoldipine >verapamil (Fig. 8). 

It is interesting to note that, even in the late stage of 
untreated hypertension, the 19-month-old animals 
still responded to single oral doses of Ca** antagonists 
(100 mg/kg of nifedipine or nitrendipine) not only 
with a steep fall in blood pressure, but also with a rapid 
dilation of the constricted ocular arterioles. However, 
the aneurysm-like luminal protuberances did not dis- 
appear acutely. This indicates that a large part of the 
arteriolar narrowing in the ocular fundus is of spastic 
rather than sclerotic nature, whereas the aneurysms 
probably reflect a more pronounced structural alter- 
ation of the arteriolar walls. 

In untreated hypertensive rats, larger arteries with 
thicker media always undergo still more spectacular 
changes than do the ocular arterioles. In other words, 
approximately the same time at which the arterioles 
develop aneurysms, the larger arteries exhibit arterio- 
sclerosis. This is most dramatic in the mesenteric ar- 
tery and its branches. Here severe media calcification 
with enormous wall thickening, partial or total lumi- 
nal obliteration and ischemic damage of the gut were 
common findings (Fig. 9A and B). Again, all these 
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FIGURE 8. Ophthalmoscopic assessment of aneurysm-like luminal 
irregularities of the retinal arterioles in 19-month-old normotensive 
control Wistar Kyoto rats, in 19-month-old spontaneously hyperten- 
sive rats (SHRs) without Cat*-antagonist treatment and in 19-month- 
old SHRs at the end of prophylactic administration of nitrendipine 
(Nitr.), nisoldipine (Nis.) or verapamil (Verap.) over 18 months. Inci- 
dence (96) = the number of eyes with arteriolar protuberbances in the 
ocular fundus in relation to the total number of eyes in each group. 
Because the SHRs were given nitrendipine and nisoldipine in an oil 
solution, an additional control group of 30 SHRs was formed in which 
the animals received corresponding quantities of pure oil without 
nitrendipine and nisoldipine (‘‘oil’’) over 18 months. 











FIGURE 9. Antiarteriosclerotic long-term protection of spontaneously 
hypertensive rats (SHRs) demonstrated in the mesenteric artery and 
its branches. A and B, SHRs without Ca* * -antagonist treatment over 
19 months. Without prophylaxis, complete or partial obliteration of 
the arterial lumen occurs in most mesenteric vessels. Simultaneous- 
ly, calcific encrustations and enormous thickening of the arterial walls 
regularly develop. C, SHR after prophylactic long-term treatment with 
nitrendipine (2 X 100 mg/kg orally/day) over an observation period of 
18 months. Complete preservation of structural integrity, i.e., no 
calcification, luminal narrowing or wall thickening of the mesenteric 
artery and its branches. Among a total of 60 Ca* *-antagonist-protect- 
ed SHRs, there was no significant arterial damage. For visualization of 
tissue calcium as black areas, von Kossa's technique was applied, 
followed by additional staining with Nuclear Fast Red (Merck). 


pathologic changes of the arterial wall structure could 


be totally prevented by our Ca**-antagonistic long- 
term prophylaxis over 18 months (Fig. 9C). Interest- 
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. ingly, the mesenteric arterial walls, which always accu- 
mulate particularly great amounts of Ca** during un- 
treated hypertension (Fig. 6), also underwent the most 
dramatic morphologic alterations ever seen in our 


studies on hypertensive rats. Conversely, the antiar- 
_ teriosclerotic prophylaxis with Ca** antagonists was 

most obvious in this particular section of systemic 
circulation. 


Prevention of Experimental Arteriosclerosis 
by Calcium Antagonists in Normotensive Rats 


There is ample evidence that the anticalcinotic or 
antiarteriosclerotic efficacy of Ca** antagonists is not 
only a simple consequence of their antihypertensive 
action, but may also manifest itself independently of 
any appreciable blood pressure change. Our first re- 
sults were reported in 1971 in a presentation entitled 
“Inhibition of arteriosclerotic vascular lesions by pro- 
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FIGURE 10. A, Oral administration of 2 X 500 mg diltiazem/kg body 
weight to rats for 4 consecutive days completely neutralizes the 
tremendous stimulation of Ca** uptake into the coronary wall that 
otherwise ‘would occur within 4 days after intramuscular injection of 
vitamin D; (300,000 IU/kg). B, Same observations as in A made on the 
rat renal arteries. Under the present experimental conditions, the 
relatively high oral doses of diltiazem were well tolerated during 4 
days without any discernible negative side effects. Reprinted from 
Fleckenstein et al.?? 


phylactic treatment with MgCl», KCl and organic 
Ca** antagonists: quantitative studies with Ca in 
rats."3?? Since then we have incessantly called atten- 
tion to the vasoprotective properties that Ca** antag- 
onists can exert experimentally against various types 
of Ca**-induced arterial damage. Our stud- 
1es1.28-303233 Jed to the unconventional working hy- 
pothesis that excessive Ca** incorporation into the 
arterial walls is a primary causative factor in the 
pathogenesis of arteriosclerosis, rather than merely a 
concomitant or subsequent phenomenon. Thus, we 
have found that all major risk factors that favor hu- 
man arteriosclerosis (advanced age, diabetes, hyper- 
tension, excessive doses of dihydrotachysterol, vita- 
min D; and nicotine) are capable of enhancing arterial 
Ca** uptake in healthy rats, and thereby facilitate or 
produce severe calcific alterations of the arterial walls. 
Conversely, suitable Ca** antagonists have proved ca- 
pable of protecting the arterial walls against calcinosis 
and structural damage. If such risk factors are acting 
in combination (for instance, nicotine plus vitamin 
D3), tremendous degrees of deleterious arterial Ca** 
accumulation can be attained within a few days in 
spite of little or no increase in blood pressure. 

Figure 10A demonstrates the outstanding efficacy 
of diltiazem in inhibiting vitamin D3-induced coro- 
nary calcinosis. Under the influence of vitamin D; 
alone, the Ca** content of the coronary wall tissue of 
rats rose from 12 to 220 mmol/kg dry weight. With 
diltiazem, the effect of vitamin D4 was completely 
neutralized. 

To visualize the prevention of experimental coro- 
nary calcinosis by Ca** antagonists, we also made use 
of histochemical techniques, particularly von Kossa's 





Vitamin D3 + Diltiazem 


Vitamin D3 (only) 


FIGURE 11. The 2 histological sections, left, show excessive Catt 
accumulation in the wall of rat coronary artery branches 4 days after 1 
intramuscular injection of 300,000 IU vitamin D3/kg body weight. 
Tissue calcinosis is visualized in the form of black areas with von 
Kossa's histochemical staining technique.*4 In contrast, calcinosis is 
totally absent in the 2 sections, right, originating from rats that had 
received diltiazem (2 X 500 mg/kg orally with a stomach tube) for 4 
consecutive days after 1 intramuscular injection of 300,000 IU vita- 
min Ds/kg body weight. This treatment completely neutralizes the 
vm D; effects (see also Figure 10A). Reprinted from Fleckenstein 
et al. 


stain for tissue Ca**.?^ Figure 11 shows some typical 
results. In the absence of diltiazem, the coronary arte- 
rial walls responded to vitamin D3 with massive calci- 
fication and severe structural damage. In contrast, by 
simultaneous administration of diltiazem, the forma- 
tion of black Ca** deposits in the coronary smooth 
musculature could be totally prevented. 
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Under the influence of vitamin D; (in the given 
dose), the plasma Ca** concentration increased by 
roughly 50% whether diltiazem had been given or not; 
however, with diltiazem the coronary wall tissue was 
shielded from excessive Catt uptake. This can be real- 
ized even by simple stereomicroscopic inspection of 
the coronary arteries in situ (Fig. 12). 
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FIGURE 12. A massive calci- 
nosis of the coronary stem ar- 
teries is produced in normoten- 
sive rats by the combination of 
1 intramuscular injection of vi- 
tamin D4 (300,000 IU/kg) with 
daily oral doses of nicotine (2 
X 25 mg /kg) for 4 consecutive 
days. In these cases, the calci- 
fication of the coronary wall 
tissue is so spectacular that 
macroscopically discernible 
spiral plaques appear regularly 
within 4 days. However, with 
diltiazem (2 X 50 mg/kg) sub- 
cutaneously for 4 days, exces- 
sive Ca** uptake and serious 
damage are prevented. 


Vitamin D; + Nicotine + Diltiazem 


FIGURE 13. Preservation of structural integrity of the mesenteric 
arteries of rats poisoned with vitamin D3 plus nicotine. While the 
normal histologic structure of the mesenteric wall is shown in A, the 
destructive power of the incompatible combination of vitamin D4 plus 
nicotine can be seen in B. Here the formation of massive calcified 
plaques and the appearance of mineralized elastic fibers are most 
obvious. In contrast, C illustrates the complete arterial protection 
provided by diltiazem. There is no discernible difference between 
healthy control rats A and Ca* *-antagonist-protected vitamin D plus 
nicotine-poisoned rats C, if the latter animals have received suitable 
doses of diltiazem. For experimental procedures; see Figüre 12. For 
visualization of tissue calcium as black areas, von Kossa's tech- 
nique? was applied, followed by additional staining with Nuclear Fast 
Red. 


The anticalcinotic action of diltiazem is not restrict- 
ed to the coronary vasculature, because the aortic, 
cerebral, mesenteric and renal (Fig. 10B) arterial walls 
were similarly protected by prophylactic diltiazem 
treatment. Figure 13B shows the typical media calcifi- 
cation of the mesenteric artery of a rat under the 
influence of vitamin D; and nicotine. Apart from calci- 
fied elastic fibers, the most spectacular change con- 
sisted of the development of massive calcific plaques. 
With diltiazem, however, the structural integrity of 
the mesenteric wall of the vitamin D3-plus-nicotine— 
treated rats was fully preserved (Fig. 13C). In a series 
of more than 40 diltiazem-protected rats, in none did 
an appreciable aberration from the normal structure 
of the mesenteric wall (Fig. 13A) occur. Table I sum- 
marizes our studies on rats, in which the anticalcinotic 
efficacy of various Catt antagonists has been estab- 
lished under different experimental conditions. 

In this context we emphasize that vitamin D3-poi- 
soned rats not only suffer from excessive Ca** uptake 
into the arterial walls, but also accumulate cytotoxic 
amounts of Ca** elsewhere,’ e.g., in heart, kidney, 
intestinal smooth muscle (Figs. 14A and 154A). Again, 
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FIGURE 14. A, Severe renal calcification and tissue damage pro- 
duced by Combined administration of vitamin D4 and nicotine, accord- 
ing to the procedure described in Figure 12. B, Complete anticalcino- 
tic renal protection with diltiazem (dosage as in Figure 12). For 
visualization of tissue calcium as black areas, von Kossa's tech- 
nique** was applied, followed by additional staining with Nuclear Fast 
Red. 


suitable Ca** antagonists (for instance, verapamil and 
diltiazem) provided a highly efficient anticalcinotic 
tissue protection. Figures 14B and 15B demonstrate 
the preservation of renal and intestinal integrity with 
diltiazem. Corresponding analytical data on the pre- 
vention of renal and intestinal Ca** overload by diltia- 
zem are shown in Figure 16. 

In summary, Ca** antagonists have been used to 
date in vascular therapy for acute functional vasodila- 
tion and spasmolytic purposes. The primary aim has 
been to improve, as quickly as possible, the blood 
supply to the heart and other organs by removal of 
purely functional obstacles (spasms) or by enlarge- 
ment of collaterals and partially obliterated arterio- 
sclerotic vessels. However, in the present context there 
is a question of much greater medical significance. Are 
these drugs also capable of exerting long-term antical- 
cinotic and antiarteriosclerotic effects, and can they, 








ag ee 


í Ye 
be WENN S MMC 


MC ae ee er 


FIGURE 15. A, Calcification of intestinal smooth muscle produced by 
combined administration of vitamin Ds plus nicotine according to the 
procedure described in Figures 12 to 14. B, Complete protection with 
diltiazem of intestinal smooth musculature against calcific necrotiza- 
tion (dosage as in Fig. 12). For visualization of tissue calcium as black 
areas, von Kossa's technique** was applied, followed by additional 
staining with Nuclear Fast Red. 


TABLE | 
Type of Arterial Calcinosis 


Intoxication with dihydrotachysterol 
(AT 10) or vitamin Ds 
Hereditary spontaneous hypertension 


Advanced age 
Alloxan diabetes 
Chronic oral administration of nicotine* 


Combined administration of vitamin D4* 
plus nicotine 


Types of Arterial Calcinosis Studied in Experiments on Rats 
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Effective Ca** Antagonists Examined References 
Verapamil, diltiazem 1,3,28-30,32,33 
Nifedipine, nisoldipine, 1,3,12,27-30 

nitrendipine, nimodipine, 
verapamil 
Verapamil 28,29 
Verapamil 1,3,28,29 
Nifedipine, verapamil, 28 
diltiazem 
Diltiazem, verapamil 28 


* See also the recent abstracts of our research group: Naunyn-Schmiedebergs Arch Path Pharmacol 
1984;325:R43, Pflügers Arch ges Physiol 1984;400:R25 and J Mol Cell Cardiol 1984;16:suppl 2:64. 


in this way, counteract vascular damage at its roots? 
This would mean that the Catt antagonists not only 
afford symptomatic improvement, but also inter- 
fere with the fundamental pathogenic process of exces- 
sive arterial Ca** engulfment and its destructive 
consequences. 

Spontaneous hypertension in rats represents a par- 
ticularly interesting model in which the complexity of 
the arterial protection by Ca** antagonists can be 
visualized. Obviously, chronic hypertension main- 
tained over 18 months is closely linked with the devel- 
opment of severe arteriosclerotic lesions in systemic 
arteries (particularly the mesenteric artery). Suitable 
Ca** antagonists prevent both essential hypertension 
and associated arterial damage. 

However, progressive arterial Ca** overload also 
occurs in aging normotensive rats, and can be experi- 
mentally enhanced at constant normal blood pressure 
by the well-known “coronary risk factors” (high doses 
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FIGURE 16. Inhibition of vitamin D3-stimulated net radio-labeled cal- 
cium uptake into the walls of rat aorta and mesenteric artery by 
treatment with oral diltiazem. Simultaneously with inhibition of arterial 
Ca-45 incorporation, the vitamin D3-induced calcinosis of renal cortex 
and colon (flexura dextra) is totally prevented. The specimens of 
myocardium, aorta, mesenteric artery, kidney and colon analyzed for 
Ca-45 uptake originated from the same animals. Experimental proce- 
dure as in Figure 10. Determination of the net Ca-45 uptake into the 
different organs was carried out 6 hours after intraperitoneal injection 
of 10 uCi Ca-45/kg body weight. Reprinted from Fleckenstein. ' 
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of nicotine, dihydrotachysterol, vitamin Ds or alloxan- 
induced diabetes). Ca** antagonists interfere even in 
these cases with destructive Ca** overload of the arte- 
rial walls and other organs. In other words, vascular 
protection by Ca** antagonists seems to be exerted in 
a dual way, namely, by a superposition of antihyper- 
tensive and anticalcinotic effects. 

All these experimental observations encourage a 
broader use of Ca** antagonists in human antihyper- 
tensive therapy, particularly at an advanced age as 
proposed by Bühler?? and Laragh.?6 Although clinical 
evidence of antiarteriosclerotic properties for Ca** 
antagonists is still missing, further long-term treat- 
ment of hypertension with Ca** antagonists will cer- 
tainly create favorable conditions for parallel studies 
on human arteriosclerosis. 
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Experimental Chronic Cerebrovascular Spasm 
in the Monkey: An Assessment of the Functional Changes 
in the Cerebral Arteries and Their Protection by Diltiazem 
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The structure and function of cerebral arteries ob- 
tained from a monkey model of chronic cerebral vas- 
cular spasm 5 days after hemorrhage have been 
examined. Narrowing of the larger cerebral arteries 
demonstrated by angiography at all sites of measure- 
ment seems to be due primarily to an increased wall 
rigidity associated with cellular damage, the resultant 
inflammatory response and large, long-lasting sponta- 
neous increases in muscle tone. Changes in agonist 
sensitivity were extremely variable. The reduction of 
contractility of the vessel wall to a mean of 30% of 
control diminished the consequence of any changes in 
active tone characteristics. Neurogenic control on the 
side of the lesion was remarkably depressed. 

When treated with diltiazem, beginning 1 day be- 
fore induction of hemorrhage and continuing to the 
time of sacrifice, arterial diameter was reduced at 
only 1 of the 6 standard sites of measurement and 


then by only a small amount. Neurologic effects invari- 
ably seen in the untreated monkeys were prevented 
by diltiazem. Many of the changes in the artery wall, 
including structural alterations, were diminished by 
the drug. Abnormal spontaneous myogenic tone was 
present but was less in the diltiazem-treated group; 
however, nerve damage and its functional conse- 
quences were not prevented. It is concluded that 
diltiazem, presumably by preventing the accumulation 
of intracellular calcium within the cell, prevents the 
initial events in the evolution of chronic cerebrovaso- 
spasm or narrowing. This is probably achieved by a 
diminishing of the direct vasoconstrictor effects and 
the toxicity of putative spasmogens released from 
blood clots, nerves and the brain on the vascular 
smooth muscle, thus interrupting the sequence lead- 
ing to pathologic change. 

(Am J Cardiol 1985;56:15H-20H) 





We studied the chronic cerebrovascular vasospasm 
that developed after subarachnoid hemorrhage was 
induced in monkeys (Macaca nemistrina). This model 
resembles human disease because the vasospasm 
shows a prolonged course extending over several 
weeks, is diffuse and mainly unilateral, is invariably 
associated with a neurologic defect! and, in the estab- 
lished state, is minimally responsive to vasodilators.? 

We attempted to test as many of the proposed 
causes of cerebral vasospasm (some of which are not 
mutually exclusive) as possible in this study. They 
include (1) active vascular smooth muscle contraction 
due to the localized and persistent effects of vasocon- 
strictor substances released from tissues and blood 
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clots,?-1? (2) vessel hyperreactivity associated with de- 
nervation hypersensitivity, resulting from the now 
well-established damage to perivascular sympathetic 
nerves!!-!? and (3) structural changes associated with 
thickening and decreased distensibility of the artery 
wall; these changes are presumed to arise from damage 
caused by arterial rupture and from toxic effects 
of high concentrations of a variety of vasoactive 
substances.14-17 

There are other possible factors that might contrib- 
ute to the overall narrowing that have not been formal- 
ly proposed as causes of vasospasm. They include (1) 
overactivity of sympathetic adrenergic vasoconstric- 
tor nerves; the large cerebral arteries are surrounded 
by a dense adrenergic axonal plexus and although the 
physiologic r to their activity is usually consid- 
ered poor/its influence, may be exaggerated by other 
associated, changes, 1842) decreased activity of*the va- 
sodilatgr innervation; présent evidence suggests that 
these rleryes probably release both acetylcholine and 
vasoactivé, intestinal polypeptide, but the physiologic 
role of this neural system is not understood,!??9 (3) 
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loss of vascular endothelium; it is probable that the 
endothelium in cerebral arteries, like that in other 
blood vessels, releases relaxing factors?! and endothe- 
lial-induced vascular relaxation is sensitive to even 
low levels of trauma and (4) an exaggerated cerebro- 


. vascular smooth muscle response to stretch; a myogen- 


ic response to wall stretch is a physiologic characteris- 
tic of middle and smaller cerebral arteries. 

The technique of causing subarachnoid hemorrhage 
in the monkey was previously described.! Under anes- 


. thesia, a 0.4-mm needle with a percutaneous suture is 


placed through the intracranial part of the internal 


. carotid artery and removed 24 hours later. Control 


measurements of arterial pressure from arterial punc- 
ture are made, and angiography and neurologic exami- 
nation are performed before needle removal and also 
on the fifth or sixth day, immediately before the ani- 
mal is killed. The animal is then bled and the brain is 
removed and placed in a bath of Krebs bicarbonate 
solution of the following composition in mM: sodium, 
144.23; potassium, 4.9; calcium, 1.6; magnesium, 1.2; 
chloride, 126.7; HCOs, 25; SO4?-, 1.19; glucose, 11.1; 


. and ethylenediaminetetraacetic acid, 0.024, equili- 
- brated with 95% O2-5% CO». The circle of Willis and its 


main branches are dissected free, and corresponding 


. segments from the 2 sides are examined and compared 


for structural and functional change. 

In this study, the following parameters were mea- 
sured: passive length-tension relation, active wall ten- 
sion response to electrical field stimulation of vasocon- 
strictor and vasodilator nerves, responsiveness and 


sensitivity to various agonists (both constrictor and 
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dilator) and vessel dimensions (internal diameter and 
wall thickness). Morphologic measurements included 
light and electron microscopy and catecholamine his- 
tofluorescence. In addition, neuronal uptake of triti- 


um-labeled norepinephrine and choline acetyltrans- 


ferase activity of the arterial wall were determined. 
We also investigated the possible protective effects 


bof diltiazem, a calcium-channel blocker. Diltiazem is a 


benzothiazepin derivative and is thus in a different 
chemical class from other drugs with similar action, 
such as nifedipine and nimodipine, which are dihydro- 
pyridines, and verapamil, which is related to papaver- 


ine. In an in vitro study of rabbit arteries, diltiazem 
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was found to influence cerebrovascular tone mediated 


_ through potential-sensitive as well as receptor-operat- 


ed channels. Higher concentrations were needed 
to inhibit the myogenic response in these arteries, 


which probably involves different calcium-entry 
. mechanisms and contributes to cerebrovascular auto- 
 regulation.?? 


It seemed reasonable to us when planning these 


experiments that many of the causes of vasospasm 
. that have been proposed might be antagonized by dil- 


tiazem. The initial action of endogenously released 
substances, which in high concentrations might lead to 


. cellular damage and chronic spastic state, probably 


involves calcium entry into vascular smooth muscle 
cells. À partial list of possible spasmogens, proposed 


mainly on the basis of short-term animal experiments, 
. includes blood and blood products, hemoglobin, hista- 
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mine, potassium, norepinephrine, prostaglandins and 
serotonin. Whether the action of most of these sub- 
stances on monkey cerebral vessels is diltiazem-sensi- 
tive has not been established. 

Our primary objective was to test the possibility 
that an early causal step in vasospasm involves calci- 
um entry into the smooth muscle cell and that this 
step might be antagonized by diltiazem. Monkeys 
were pretreated with diltiazem, 25 mg/kg 2 times a 
day, a dose that does not affect arterial pressure in the 
monkey. We realize that this regimen is not clinically 
relevant, particularly in an emergency setting when 
diltiazem could only be administered after the hemor- 
rhage had occurred. However, our main objective was 
to investigate the potential for drug protection. 

We previously reported that diltiazem markedly 
ameliorates the arterial narrowing measured at 6 stan- 
dard sites on the angiogram.?? Without treatment, tlie 
mean “most constricted” site in the series was 22% of 
the prehemorrhagic diameter. After diltiazem, this 
value was 84%—a difference that was very significant 
(p <0.001). The most constricted site is probably the 
one of greatest clinical significance. Although there 
was still significant narrowing at this site after diltia- 
zem (p <0.01), the reduction in diameter was relative- 
ly small. At only 1 standard position of measurement 
in the diltiazem-treated group (the distal site on the 
middle cerebral artery) was the diameter of the lesion 
side less than the preinsult diameter (p <0.05). In the 
diltiazem-treated group, no changes were found in any 
animal on neurologic examination; in contrast, consis- 
tent neurologic abnormalities were found in the un- 
treated group. 


Functional Changes in the Cerebral Arteries 
Associated with Chronic Cerebral Vasospasm 


The most consistent change in the larger cerebral 
arteries, and the one we feel contributed most to the 
luminalnarrowing, was an increase in vessel wall rigid- 
ity, specifically an increased resistance to passive dis- 
tension (Fig. 1). In most arterial segments, the passive 
tension-length curve was shifted to the left after hem- 
orrhage on the lesion side compared with the contra- 
lateral side. The mean percentage increase in wall ten- 
sion over the “physiologic range of stress" based upon 
the Laplace transformation was about 450%. Although 
arterial wall thickness was minimally and inconsis- 
tently increased, it was insufficient to account for the 
increase in wall rigidity. 

Spontaneous excursions of tone were seen in large 
and small arteries, including a pial artery of about 
150um outside diameter in the distal middle cerebral 
artery bed, especially on the lesion side. Tone develop- 
ment was large, often approximating the maximal lev- 
el that the artery could attain, and frequently lasted 
more than 1 hour. It was dependent on calcium entry 
into the cell, presumably. into vascular smooth cells, 
from the extracellular space. The capacity of the arte- 
rial segments to develop an increase in wall tension in 
response to a variety of agents was very markedly 
reduced on the lesion side—on average, to about 30% 
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of the contralateral side. The most likely explanation 
for this was damage to the smooth muscle cells. The 
greatest reduction in contractility in vitro was associ- 
ated with the greatest arterial narrowing found on 
angiography. This relation might imply that spasm/ 
narrowing occurred in those vessels that were dam- 
aged the most, and that vasopasm is unlikely to be 
associated with a large component of active vascular 
tone with or without associated hypersensitivity. 

Changes in agonist sensitivity were extremely vari- 
able and were often difficult to assess because of the 
irregular patterns of response and the frequent and 
prolonged spontaneous increases in tone that were 
recorded, particularly on the side of the experimental 
damage. (In vitro sensitivity in the pharmacologic 
sense can only be satisfactorily measured from a base- 
line of 0 or at least low-level tone.) There was a trend 
toward selective increase in sensitivity to serotonin 
compared with norepinephrine. However, whatever 
changes in reactivity were present, their functional 
consequence would be expected to be relatively small, 
because the ability of the artery wall to contract was 
very significantly reduced. 

Efferent nerve integrity was assessed by biochemi- 
cal and functional in vitro study. All measure- 
ments—the responses to electrical field stimulation, 
choline acetyltransferase and tritium-labeled norepi- 
nephrine neuronal uptake—indicated a dramatic and 
consistent depression of both constrictor and dilator 
neuronal activity. We attempted to determine endo- 
thelial influences on smooth muscle tone in vitro by 
measuring the dilator response to acetylcholine after 
tone had been elevated. Dilation was invariably absent 
in arteries from both sides—although the arteries in- 
variably relaxed in response to such vasodilators as 
papaverine and nitrate. The fact that the acetylcho- 
line response is readily eliminated by handling—by 
such trivial injury as contact between adjacent endo- 
thelial surfaces—and was only occasionally and weak- 
ly encountered in sham-operated controls precludes a 
clear-cut association between loss of endothelial- 
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based dilation and subarachnoid hemorrhage. Howev- 
er, the consistent observation of marked structural 
endothelial damage, which will be discussed, especial- 
ly in the arteries on the side of experimental hemor- 
rhage, strongly implies that endothelial-based dilation 
would not occur in vivo. 


Structural Changes in the Cerebral Arteries 
Associated with Chronic Cerebral Vasospasm 


In many respects, the structural changes in the wall 
correlate with the functional changes just described. 
Ring arterial segments were taken from comparable 
sites on the terminal part of the internal carotid artery 
and the middle and anterior communicating cerebral 
arteries. In addition, whole-mount segments from 
those arteries close to the base of the brain were pro- 
cessed for specific catecholamine fluorescence micro- 
scopy. In vessels taken from nontreated monkeys, 
clots were found adhering to the artery wall, particu- 
larly the anterior segment. The subjacent arterial wall 
was grossly abnormal; it was edematous with inflam- 
matory cell infiltration, particularly of the adventitia 
and around the perivascular nerves, mainly by macro- 
phages and fibroblasts. Almost invariably, there was 
separation of the internal elastic lamina and degenera- 
tive changes in the tunica media with vacuolation of 
the smooth muscle cells. There was also consistent 
separation of the tunica intima and subintimal tissues 


with subendothelial accumulation of fluid and cellular 


debris. Changes were relatively minor in the diltia- 
zem-treated group; marked degeneration was not seen 
in the smooth muscle cells, although some vacuolation 
was encountered. 

Diltiazem did not prevent loss of specific catechol- 
amine fluorescence in adrenergic nerves on the lesion 
side. Large, intensely fluorescent nerve bundles were 
often seen proximal to the site of puncture. Beyond 
the area of damage, fluorescent nerves were infre- 
quently seen; fluorescence intensity was markedly di- 
minished, although changes were patchy. Using elec- 


PASSIVE LENGTH — TENSION DETERMINATION 
AND SPONTANEOUS MYOGENIC CONTRACTION 
IN MONKEY CEREBRAL ARTERIES 
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FIGURE 1. Experimental records from in vitro study of segments of middle cerebral arteries in the monkey. Five days previously, the monkeys 
experienced subarachnoid hemorrhage after experimental puncture of the left intracranial internal carotid artery. The record shows exaggerated 
increase in tension after standard increments of wall stretch in the left compared with the right side. It also shows a small, short, spontaneous increase 
in wall tension on the lesion but not on the contralateral side. These 2 phenomena represent the major consistent changes in the large cerebral arter- 
ies, which may be the major contributors to arterial narrowing. W — experimental artifact when physiologic saline in tissue bath was changed. 
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tron microscopy, we observed mixed perivascular 
nerve bundles that showed degenerative change. 

These alterations are consistent with the increased 
rigidity of the arterial wall, the loss of contractility and 
the marked diminution of neurogenic reactivity that 
have already been described. We can only surmise that 
the abnormal myotonicity is related to minimal levels 
of damage of the vascular smooth muscle cells. 


Assessment of the Contribution 
of Various Arterial Changes to Luminal Narrowing 


It is quite clear that the extreme arterial narrowing 
called spasm could be the consequence of one or more 
of the changes already described. In this study, the 
arteries were only examined on the fifth or sixth day 
after hemorrhage. Because different arterial attri- 
butes were assessed in anatomically separate but adja- 
cent segments, only a fragmentary idea of the changes 
that take place in these vessels can be formed and then 
only for the day the animal was killed. Any generaliza- 
tion necessitates considerable extrapolation. 

The increase in wall stiffness, the hypersensitivity 
to agonists, the loss of dilator nerve influence and 
possibly the absence of endothelial-derived dilation 
should all be considered as possible causes of arterial 
narrowing. In addition, there may be changes that we 
have not measured—for example, those that only oc- 
cur in situ—in which local constrictor influences could 
be at work. Thus we cannot, on the basis of these 
experiments, reach any definitive conclusion with re- 
spect to the dominant cause and the relative impor- 
tance of any contributing factors. However, certain 
inferences can be made from the mean changes in wall 





* 40% Reduction in Diameter  * 40% Reduction in Diameter 
Due to Change in Passive — « 1096 Increase in Wall Mass 
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FIGURE 2. Diagrammatic representation of cross section of artery 
J. with a wall:lumen ratio of 1:4 is shown, left. Middle shows the 
estimated consequence of a mean change in wall rigidity measured in 
the monkey series at a blood pressure equivalent to that experienced 
. in the artery at the base of the brain in vivo. A 10% increase in wall 
mass was assumed. Right shows a vessel with changes similar to 
those depicted in the middle, but also showing the consequence of 
denervation hypersensitivity (X 3 increase) and a tone increase in 
response to vasoactive substances equivalent to 3096 of maximal 
contraction (EC39). All of these effects are attenuated by a simulta- 
neous 70%. loss of contractility. These mean alterations were found 
in the large cerebral arteries of the monkeys in this study. It is 
assumed that vascular smooth muscle cells shorten maximally by 
3096 of their length and that constriction occurs without changes in 
wall mass. 


elasticity found in the control untreated monkey se- 
ries, in conjunction with the protective effect of diltia- 
zem. The mean change in elasticity alone would be 
expected to cause a reduction of internal arterial di- 
ameter of 40%. If such a narrowing occurred consis- 
tently throughout the resistance vessels of the arterial 
tree, flow would be reduced by about 8096. In particu- 
lar segments, the increased rigidity would be responsi- 
ble for an even greater narrowing. The diameter of the 
most constricted arterial segment in this series was 
narrowed by approximately 809v. In Figure 2 the 
changes in an artery associated with this change in 
elasticity, in which wall mass also increased by 10%, 
are shown. We found that abnormal myogenic tone 
was also marked; however, its consequence on wall 
tension is difficult to assess because the myogenic in- 
fluence would be decreased by associated reductions 
in contractility. However, in most cases, we feel abnor- 
mal myogenic tone would have a significant influence 
on arterial diameter. 

Figure 2 also shows the additional changes expected 
from the action of unspecified vasoactive substances 
that increase smooth muscle tone to an equivalent of 
30% of its maximal capacity to contract. The effects of 
a hypersensitivity factor of X 3, which is probably 
greater than that associated with denervation in a 
vessel in which contractility is diminished by 7096, are 
included. If these approximations have any relevance 
at all to the intact state, it can be seen that the contri- 
bution of the alteration in elasticity is most influential 
in diminishing luminal diameter. It is assumed that 
these changes in wall tone take place without signifi- 
cant alteration in wall volume. 

In the small pial vessels that we have studied 
—which are of the order of 150,4 outside diame- 
ter—the most dominant change was an abnormal 
myogenic tone. However, because of the irregular and 
apparently random pattern, such changes were hard to 
quantitate and relate to the intact circulation. Their 
magnitude, however, does suggest that they would be 
of considerable consequence. 

We can only speculate that the greater the distance 
from the initial injury and hemorrhage site—that is, 
the more distal along the arterial bed—the less impor- 
tant would be passive wall changes and, probably up to 
a point, the greater the influence of any active, partic- 
ularly spontaneous, changes in tone. 


Effect of Diltiazem on Structural and Functional 
Changes in Chronic Cerebral Vascular Spasm 


Pretreatment with diltiazem greatly attenuated the 
arterial narrowing as assessed by angiography and pre- 
vented the associated neurologic defect.?? Essentially, 
changes in cerebral arterial wall elasticity as assessed 
by the passive length-tension relation were averted. In 
several monkeys, these curves, which were derived 
from corresponding segments of the 2 sides, could vir- 
tually be superimposed. Neither change in wall thick- 
ness nor trend toward an increase was detected. The 
effect of the drug on these parameters was clear-cut 
and convincing. However, spontaneous changes in 
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myogenic activity were recorded that were very much 
greater on the lesion side compared with the opposite 
side and, in absolute terms, were sizable. Arterial wall 
contractility was to a large measure preserved in the 
diltiazem-treated group. Thus, the spontaneous 
changes in tone—if related to the capacity of the wall 
to contract —were diminished in the diltiazem-treated 
animals. It should be kept in mind that by the time 
arterial segments were examined in vitro, they had 
been removed from the animal for several hours and 
constantly bathed in Krebs bicarbonate saline solu- 
tion. It seems likely that diltiazem present in the ar- 
tery wall upon removal would have been washed out 
before the in vitro study. Because this myogenic activi- 
ty was depressed by diltiazem added to the tissue bath, 
it is probable that it would be inhibited in vivo. Never- 
theless, the exact role of this phenomenon in vaso- 
spasm is enigmatic. It is not the same as “physiologic” 
stretch-dependent tone, which is readily lost on han- 
dling and which shows a direct causal relation to wall 
tension.”4 

Changes in sensitivity to agonists did occur in the 
vessels from the diltiazem-treated monkeys and were 
extremely variable. Useful comparisons with the un- 
treated monkey series could not be satisfactorily made 
because of this extraordinary variability. Diltiazem 
did not preserve neuronal function. The various index- 
es of neural control were all diminished and did not 
differ from the untreated series. 

The structural changes in the artery wall were con- 
sistent with findings of the functional study. The fab- 
ric of the wall was far better preserved in the diltia- 
zem-treated compared with the control group; howev- 
er, the efferent nerve terminals were unprotected. 


Evolution of Chronic Cerebral Vascular Spasm 


We can only speculate regarding the series of events 
that culminates in the arterial change that we found 
on the fifth day of hemorrhage in this monkey model, 
when vasospasm seemed to be maximal (Table I). Un- 
questionably, during the hours just after hemorrhage, 
the cerebral arteries, particularly those at the base of 
the brain, are surrounded by many putative spasmo- 
gens. Their effect on vascular tone would depend al- 
most exclusively on promoting the entry of calcium 
into the cytoplasm of the vascular smooth muscle cells 
from the extracellular space. The vasoactivity of most 
of these substances has been shown in acute in vivo 
and in vitro studies to be effective in causing a contrac- 
tion of cerebral arteries that is susceptible to 1 calci- 
um-channel blocker or another.?5-33 It seems reason- 
able, therefore, to conclude that the initial acute vaso- 
spasm (not demonstrated as yet in this model, but that 
would almost certainly occur and that has been consis- 
tently seen in other experimental preparations) is due 
to active vascular smooth muscle contraction resulting 
from the activity of such extrinsic substances. Actions 
of individual substances are probably augmented by 
synergistic effects and also by changes in the vascular 
smooth muscle cells themselves. The fact that the nar- 
rowing that occurs soon after subarachnoid hemor- 


TABLE! Experimental Cerebrovascular Spasm (based 
mainly on studies of effects of experimental 
subarachnoid hemorrhage in the monkey) 

Spasm Acute (hours) Chronic (days) 

Cause Spasmogens released Inflammation of ar- 

from blood clot, nerves terial wall, 
and tissues* edema, fibrosis 
Basis of Exaggerated normal active — Increased wall rigid- 
narrowing muscle tone* ity and active, 
possibly abnor- 
mal, muscle 
tone* 
Dependent on extracellular Only active tone de- 


calcium pendent on extra- 


cellular calcium 


Hypothesized differences between 2 phases of vasospasm that 
occur in the monkey subsequent to experimental subarachnoid hem- 
orrhage. We presume that the second vasospasm follows from the 
first. 

* Possible sites of the protective action of diltiazem, leading to 
reduction in arterial narrowing. 


rhage can be reversed by vasodilator drugs?^ is consis- 
tent with such a proposition. 

This early period of true vasospasm presumably 
merges into a second phase when the changes in the 
arterial wall resulting from damage become promi- 
nent. These changes are probably caused by the high 
concentrations of vasoactive substances released from 
many sources, including nerves,!??? clots and possibly 
the brain, and by the reaction of the vascular wall to 
the ensuing damage, the consequences of which be- 
come progressively important. Thus, passive wall 
changes might be expected to dominate more and 
more with time. Once these latter processes are estab- 
lished, the resultant narrowing would not be expected 
to be influenced by vasodilator drugs.?* Such an expla- 
nation is consistent with the biphasic time course of 
the disease?6 and with the slowly progressive and long- 
lasting phase of the clinical condition. This theory is 
also consistent with the well-established resistance of 
clinical vasospasm to therapeutic manipulation. The 
gradually progressive dominance of the passive 
changes associated with rigidity and fibrosis reflects 
what is seen at autopsy when cerebral arteries show 
perivascular medial and subendothelial fibrosis and 
other signs of resolved inflammatory reaction.!6 

We can only speculate that diltiazem is protective 
because it antagonizes the entry of calcium through 
channels involved in the physiologic control of vascu- 
lar smooth muscle tone—potential-sensitive and re- 
ceptor-operated channels.?? This entry would be initi- 
ated by the vasoactive material present around the 
artery wall. Further, diltiazem might owe some of its 
action to its cellular protective potential. Our study of 
arterial wall change in experimental subarachnoid 
hemorrhage and the protective effect of diltiazem may 
help to explain the significant therapeutic effect of 
nimodipine in some patients with subarachnoid hem- 
orrhage.?? This latter study was limited in that it was 
restricted to neurologically normal patients and the 
severity of the vasospasm was not always assessed. 
Nevertheless, the finding is of major clinical interest. 
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Hemodynamic Effects of Calcium Entry-Blocking Agents 
in Normal and Hypertensive Rats and Man 


EDWARD D. FROHLICH, MD 





To be considered ideal for the treatment of hyperten- 
sion, a class of drugs should produce a maintained 
reduction of arterial pressure primarily through a fall in 
total peripheral resistance that is at least uniformly 
distributed through the organ circulations of the target 
organs of hypertensive vascular disease. Such 

should be useful as monotherapeutic agents, should 
not expand the extracellular fluid compartment, 
should not reflexively stimulate the heart and vessels, 
should reverse the structural changes in the target 


organs without compromising function and, of course, 
should be relatively free of adverse effects. As a 
heterogeneous class of agents, the calcium entry- 
blocking drugs fulfill most of these criteria, although 
preliminary studies suggest that their effects on organ 
vascular resistances and on structural cardiovascular 
changes are highly variable. Thus, further v 
investigation of these new agents is highly recom- 
mended. 


(Am J Cardiol 1985;56:21H-27H) 





The calcium entry-blocking drugs have been widely 
used in the United States and throughout the world 
for a number of years for the treatment of patients 
with ischemic heart disease. Although they have been 
used over the past decade for the treatment of hyper- 
tension elsewhere in the world, they have not yet been 
approved for this indication by the U.S. Food and 
Drug Administration. This should stimulate a feeling 
of déjà vu in physicians who have been in practice 
during the past 10 to 15 years; it is reminiscent of the 
story of the 8-adrenergic receptor-blocking drugs. A 
similar long period elapsed between the time they 
were used worldwide for the treatment of hyperten- 
sion and when they were approved in the U.S. I have 
no doubt, however, that the calcium entry-blocking 
agents are being used as antihypertensive drugs in the 
U.S. today—presumably for those patients with coex- 
isting ischemic heart disease and hypertension. As is 
well known, hypotension is the most consistent 
side effect shared by most of these compounds in 
patients who have been treated for coronary artery 
disease. 


Hemodynamic Considerations 


The hemodynamic hallmark of hypertension, and 
particularly essential hypertension, is an increased to- 
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tal peripheral resistance that seems to be uniformly 
distributed throughout all the vascular territories. 
As the left ventricular (LV) afterload (i.e., the rising 
arterial pressure and total peripheral resistance) in- 
creases, the heart adapts by the development of a 
concentric form of LV hypertrophy.? Associated 
with this process is an increased myocardial oxygen 
consumption that is secondary to 2 factors: one is 
obviously the increased arterial pressure (in this 
instance, the systolic pressure); the other is the 
increased chamber diameter (i.e., the cardiac enlarge- 
ment) that follows at an equal rate with the ever- 
increasing afterload.'-? Associated with the adaptive 
structural changes by the heart is the structural 


change of arteriolar thickening, which is also associat- 


ed with acceleration of an independent but closely 
interrelated process, atherosclerosis.!9.1 

In addition to these pathophysiologic consider- 
ations related to the progression of hypertensive car- 
diovascular disease, other physiologic changes are as- 
sociated with antihypertensive therapy.!?13 For exam- 
ple, we know that as most drugs reduce arterial 
pressure, intravascular (plasma) volume expands. 
There are some agents that are notable exceptions to 
this rule: diuretics (for obvious reasons), 8-adrenergic 
receptor-blocking drugs, probably the angiotensin 
converting enzyme inhibitors and, most likely,-the cal- 
cium entry-blocking drugs. This failure to expand in- 
travascular volume is in contrast to the other classes of 
antihypertensive drugs (e.g., direct-acting vascular 
smooth muscle relaxants and adrenergic inhibitors) 
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TABLE! The Ideal Antihypertensive 


An ideal antihypertensive agent should reduce arterial pressure: 
by decreasing total peripheral resistance 
through uniform reduction of organ vascular resistances 
without 
retaining extracellular fluid 
reflexively stimulating the heart 
with regression of structural changes that do not impair 
organ function 
systemic performance 


that must be used with diuretics. The diuretics pre- 
vent volume expansion and development of the so- 
called phenomenon of “pseudotolerance”.!4!° Even 
those agents that may not be associated with fluid 
volume retention will show enhanced effectiveness if 
prescribed together with a diuretic.!9 These observa- 
tions explain the traditional first 2 steps of antihyper- 


tensive therapy: diuretics, followed by adrenergic in- 


. hibitors.!-1? They also explain why the 6 blockers, 
. angiotensin converting enzyme inhibitors and calcium 


entry-blockers have been used as first-step monother- 


. apeutic agents for the treatment of hypertension.”° 


A second important factor that may be related to 
antihypertensive therapy is reflex cardiac stimulation, 
which occurs with those antihypertensive drugs that 
do not inhibit adrenergic input to the cardiovascular 
system.1?? For some as-yet-unexplained reason, this 


. also is not generally associated with the angiotensin 


converting enzyme inhibitors,”! angiotensin receptor 
inhibition?? or certain calcium entry-blocking 
drugs.??-?5 This concept is important, because reflex 
cardiac stimulation will increase myocardial oxygen 


. consumption, aortic flow acceleration and myocardial 
. metabolism, and will thereby aggravate associated 


cardiac problems (e.g., coronary artery disease, myo- 
cardial infarction, congestive heart failure and dissect- 
ing aortic aneurysm ).?6 

Therefore, an ideal antihypertensive agent should 
reduce arterial pressure primarily by decreasing total 
peripheral resistance associated with a relatively uni- 
form decline in the vascular resistances in the major 
vascular territories of the body. However, this arterio- 
lar dilation should ideally involve the primary target 


- organs of the disease: the brain, heart and kidney. 


we 
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Moreover, this pressure reduction should be accom- . 


plished without secondary fluid retention or reflex 
stimulation of the heart. Further, if there is some re- 


gression in the associated hypertrophic structural 


changes without altering performance or function of 
the organs or the patient, we truly will have an ideal 
antihypertensive drug (Table I). The discussion that 
follows will be concerned with how well the calcium 
entry-blocking drugs measure up to these criteria. 


Calcium Entry-Blocking Drugs 


Some of the first studies that provided useful infor- 
mation eoncerning the antihypertensive and hemody- 


. namic effects of the calcium entry-blocking drugs em- 


anated from Italy. Olivari et al?? reported data from 27 
patients who were treated with nifedipine. After 3 
weeks of therapy, the reduced arterial pressure was 


TABLE l| Antihypertensive Effects of Nifedipine in 27 
Patients with Essential Hypertension Treated for 


3 Weeks 
Index Control Treatment 
Mean arterial pressure 140 120* 
(mm 
Heart rate (beats/min) 75 74 
Cardiac index 3.6 4.1* 
(liter/min/m?) 
Stroke index 49 55 
(ml/beat/m?) 
Total peripheral resistance 1,766 1,281* 
(dynes s cm^5) 
Plasma volume (ml) 3,149 3,049 
Glomerular filtration rate 81 82 
(ml/min) 
Plasma renin activity 
(ng/ml/hour) 
Supine 0.57 0.74 
Standing 1.01 1.45 


* Statistical significance at least at the p «0.05 level. 
Adapted from Olivari et al.?3 


not accompanied by a faster heart rate, although car- 
diac output was somewhat greater than pretreatment 
levels; the pressure reduction, therefore, was due to a 
fall in total peripheral resistance. In addition, there 
was no expansion of intravascular (plasma) volume, 
glomerular filtration rate was preserved and plasma 
renin activity was unchanged (Table II). Muiesan et 
al?^* compared the effects of verapamil (80 mg, 3 times 
a day) with nifedipine (10 mg, 3 times a day). A signifi- 
cant pressure reduction was observed with both agents 
in both the supine and standing positions, without 
producing orthostatic hypotension; there was no evi- 
dence of an increased heart rate (Table III). They also 
reported that with prolonged treatment, nifedipine 
increased circulating norepinephrine levels, although 
verapamil produced no change in supine and standing 
norepinephrine levels. In addition they found that 
plasma renin activity, aldosterone levels and plas- 
ma volume remained unchanged with prolonged 
treatment. 

Perhaps these early findings explain why most in- 
vestigators in Europe and Japan now use these agents 
as first-step monotherapy for treatment of hyperten- 
sion, without observing fluid retention or reflex cardi- 
ac stimulation.?9-? Muiesan et al?* also compared 2 
dosage levels of verapamil (80 and 160 mg, 3 times a 
day) with nifedipine (10 mg, 3 times a day) for a 2- 
month period (Table IV). At the higher verapamil 
dosage there was a further fall in pressure, which was 
unassociated with a faster heart rate. When responses 
to verapamil were compared with those in patients 
receiving nifedipine, there were no significant differ- 
ences in plasma renin activity, although at the higher 
dosage of verapamil, norepinephrine levels (in the up- 
right posture) seemed to be higher. These findings 
were substantially similar to a number of later reports 
from other centers.?5-?7 

Safar et al?’ recently reported the immediate hemo- 
dynamic effects of diltiazem (0.2 mg/kg) in 11 patients 
with essential hypertension. After intravenous admin- 
istration there was a significant fall in mean arterial 
pressure (from 120 to 109 mm Hg) and total peripheral 
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TABLE Ill Effects of Verapamil and Nifedipine in an 8-Day Study of Patients with 
Essential Hypertension 
Verapamil Nifedipine 
Control (80 mg, 3 times a day) (10 mg, 3 times a day) 
Index Supine Standing  Supine Standing  Supine Standing 
Blood pressure (mm Hg) 164/106 161/111 141/91* 138/95* 138/90* 129/88* 
Heart rate (beats/min) 74 84 74 81 76 96 
Norepinephrine (ng/liter) 156 311 194 352 297* 500* 
Epinephrine (ng/liter) 69 86 82 90 92 185* 
Plasma renin activity (ng/ml/hour) 1.6 3.7 1.2 3.0 2.5 4.2 
Aldosterone (ng/liter) 92 203 95 145 64 128 
Plasma volume (ml/cm) 18.9 — 19.2 -= 19.4 — 


* Statistical significance at least at the p «0.05 level compared with control levels. 


Adapted from Muiesan et al.?* 


TABLE IV Effects of Verapamil and Nifedipine with Prolonged Treatment in Patients with 


Essential Hypertension 


Vera 


Verapamil Nifedipine 


(80 mg, 3 times a day) (160 mg, 3 times a day) (10 mg, 3 times a day) 


Index Control 
Blood pressure (mm Hg) 
Heart rate (beats/min) 
Plasma renin activity 1.7 
(ng/ml/hour) 
Norepinephrine (pg/ml) 145 


4 mo 
164/106 143/95* 171/108 

73 68 77 
2.2 2.1 1.4 1.6 2.7 
210 158 


2 mo Control 2 mo 


128/86* 168/108  149/95* 
80 75 81 


Control 


230° 203 333* 


* Statistical significance at least at the p «0.05 level compared with pretreatment control levels. 


Adapted from Muiesan et al.?^ 


resistance (from 2,690 to 2,276 dynes s cm 5/m?), asso- 
ciated with an insignificant increase in cardiac index 
(from 3.5 to 3.9 liters/min/m?) and an unchanged heart 
rate. In addition, the caliber of the brachial artery was 
significantly increased." More prolonged hemody- 
namic effects were not reported. 

We have recently been investigating the hemody- 
namic effects of 2 newer calcium entry-blocking 
agents, diltiazem and nitrendipine, in 2 genetic forms 
of hypertension: clinical and experimental. In this re- 
port we shall compare our preliminary findings in pa- 
tients with essential hypertension and in spontaneous 
hypertensive rats (SHRs) and Wistar-Kyoto normo- 
tensive rats (WKYs). SHRs are very similar to pa- 
tients with essential hypertension?? and permit an ex- 
tension of our understanding of the many hemody- 
namic effects that we are not able to learn about in 
patients for practical and ethical reasons. By using 15- 
um diameter microspheres for our hemodynamic stud- 
ies in conscious, unanesthetized closed-chest rats, we 
can determine cardiac output and blood flow in every 
organ of the body.30-32 


Methods 


In brief, our experiment subjects WKYs and SHRs to a 3- 
week treatment period in a protocol similar to that which we 
have reported for most of the antihypertensive drugs that we 
use, including methyldopa,??- clonidine,?? hydralazine,*® 
angiotensin converting enzyme inhibitors,?9 prazosin,?? ura- 
pidil,?735 calcium entry-blocking drugs??49 and others.*! We 
have therefore developed a standardized bioassay (a long- 
term hemodynamic assay) for ascertaining the comparative 
effects of new antihypertensive compounds. At the end of a 


3-week treatment period, with the animal under light ether 
anesthesia, catheters were placed through the femoral ar- 
tery, into the left ventricle, through the carotid artery and 
into the femoral vein, and then were exteriorized at the back 
of the neck. When the animal was fully recovered from this 
procedure, the microspheres were injected. Using the refer- 
ence method, we determined cardiac output from the radio- 
active “envelope” of withdrawn arterial blood?? and then 
measured radioactivity in all organs to determine the per- 
centage distribution of cardiac output to each organ.?? Then, 
by multiplying the cardiac output by the ratio of radioactive 
counts in any organ to the total radioactivity injected, we 
calculated a quantitative representation of blood flow to 
every organ of the body. Moreover, by recording arterial 
pressure directly, we were also able to calculate the changes 
in organ vascular resistances (compared with the WKYs, 
which were not given the drug). In each study, net organ 
weights were obtained to learn of possible changes in organ 
mass with therapy and to determine blood flow and vascular 
resistance indexes. 

Our clinical studies were conducted in patients with essen- 
tial hypertension. In these studies, systemic and regional 
hemodynamic effects of diltiazem and nitrendipine were 
determined using our previously reported hemodynamic 
methods.*?4 In brief, all patients came to our laboratory in 
the morning after an overnight fast and after at least 4 weeks 
of no antihypertensive therapy. Polyethylene tubing was 
inserted into a brachial artery and antecubital vein to shoul- 
der level for measurement of pressures, injection of dye or 
vasoactive agents and withdrawal of arterial blood for in- 
scription of the dye curves. Indocyanine green dye, injected 
centrally and through the vein, permitted calculation of car- 
diac output. Renal and splanchnic blood flows were deter- 
mined by injection of radioiodinated para-aminohippurate 
and indocyanine green dye, respectively. Hemodynamic in- 
dexes were calculated by standard methods. Plasma renin 
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TABLE V Effects of 3-Week Diltiazem Treatment on Organ Hemodynamics in Wistar 
Kyoto Rats (WKYs) and Spontaneously Hypertensive Rats (SHRs) 








Organ Blood Flow Organ Vascular Resistance 
Organ WKYs SHRs WKYs SHRs 
Skin | | i No change 
Skeletal muscle No change No change No change No change 
Brain No change t No change | 
Heart t | i No change 
Lungs | | l No change 
Kidneys | i 1 No change 
Splanchnic organs No change i t i 
Testes No change change 1 No change 
TABLE VI Immediate Hemodynamic Effects of Diltiazem (intravenous) in 7 Patients with 
Essential Hypertension 
Dose (mg/kg) 
Index Control 0.06 0.06 0.12 
Mean arterial pressure (mm Hg) 118 107* 107* 101* 
Heart rate (beats/min) 65 75* 78* 78* 
Cardiac index (liter/min/m?) 3.1 4.0 4.3 5.0 
Total peripheral resistance 40 28* 26* 23* 
index (U/m?) 
Left ventricular ejection 153 175* 183* 194* 


rate index (ml/s/m?) 





* Represents statistical significance at least at the p «0.05 level. 


TABLE VII Preliminary Data from 7 Patients with Essential Hypertension Treated for 4 
Weeks with Diltiazem (60 to 120 mg, 2 times a day) 


Index Control Treatment 
Mean arterial pressure (mm Hg) 118 107* 
Heart rate (beats/min) 65 62 
Cardiac index (liter/min/m?) 3.1 3.0 
Total peripheral resistance index (ml/s/m?) 40 37* 
Left ventricular ejection rate index (ml/s/m?) 153 154 
Renal blood flow (ml/min/m?) 390 479* 
Renal vascular resistance (U/m?) 0.167 0.120* 
Glomerular filtration rate (ml/min) 134 120* 
Filtration fraction (96) 17.4 12.9* 
Splanchnic blood flow (ml/min) 741 766 
Splanchnic vascular resistance (U/m?) 0.176 0.152 


* Represents statistical significance at least at the p «0.05 level. 


activity, circulating norepinephrine levels and plasma vol- 
ume were determined by our previously reported methods.* 
_ M-mode echocardiography was used to determine structural 
and functional cardiac changes.’ 

In all studies, rat or man, standard statistical techniques, 
with Student's t test for paired data analysis or the patient 
as his own control, were used. 


Diltiazem: Rat studies: When the rats were treated 
with diltiazem (60 mg/day by gastric tube), no system- 
ic hemodynamic changes were observed in normoten- 
sive WKYs; however, it produced a significant fall in 
arterial pressure, associated with a fall in total periph- 
eral resistance, in the SHRs. These systemic hemody- 
namic changes were also associated with some slowing 
of heart rate and reduction in cardiac index, which 
were not of statistical significance. There were no 


changes in LV mass or the weight ratio of the left 
ventricle to total body. We also determined changes in 
organ hemodynamics in these WKYs and SHRs. In 
the normotensive WKYs, vascular resistance in- 
creased in the skin, lungs, kidneys, splanchnic organs 
and testes, but decreased in the heart. In contrast, 
vascular resistance decreased in the brain and the 
splanchnic organs of the SHRs, but remained un- 
changed in the other organs (Table V). These findings 
differed somewhat from our preliminary findings in 
man with essential hypertension. 

Clinical studies: We have obtained preliminary he- 
modynamic measurements in 7 patients with uncom- 
plicated essential hypertension who first received in- 
travenous diltiazem (0.24 mg/kg in divided doses) and 
were then treated with the oral formulation for 4 
weeks. These 7 patients, whose age averaged 47 years, 
included 6 men and 1 woman. Following logarithmi- 


TABLE VIII 


Comparison of Immediate Hemodynamic Effects of Nitrendipine in Wistar 


Kyoto Rats (WKYs) and Spontaneously Hypertensive Rats (SHRs) and in 
Patients with Essential Hypertension 


Essential Hypertensive 


WKYs SHRs Patients 
Control Treatment Control Treatment Control Treatment 
No. of subjects 10 10 7 7 7 
Dose 0 10 mg/kg 0 10 mg/kg 0 20mg 
Mean arterial pressure (mm Hg) 127 108* 186 141* 113 94* 
Heart rate (beats/min) 366 407* 396 408 72 84* 
Cardiac index (ml/min/kg) 269 280 275 268 2.9 3.4* 
Total peripheral resistance 0.48 0.38* 0.69 0.56* 41 29* 
index (U/kg) 


* Represents statistical significance at least at the p «0.05 level. 


TABLE IX 


Immediate and Prolonged Hemodynamic Effects of Nitrendipine in Wistar 


Kyoto Rats (WKYs) and Spontaneously Hypertensive Rats (SHRs) 


Immediate Prolonged 

Organ WKY SHR WKY SHR 
Skin No change f No change No change 
Skeletal muscle No change No change i 
Brain i No change No change No change 
Heart i No change 
Kidneys | l No change { 
Adrenals { l o. — 
Splanchnic organs No change | No change 


* Adapted from Sesoko et al? and Kobrin et al.4° 


cally incremental doses (0.06, 0.06 and 0.12 mg/kg, 
intravenously), arterial pressure progressively fell 
from 118 to 101 mm Hg within a rather short period. 
This was associated with a reflexive increase in heart 
rate, cardiac index and LV ejection rate index, as cal- 
culated total peripheral resistance declined (Table 
VI). When these same patients continued treatment 
for 4 weeks (60 to 120 mg, 2 times a day), arterial 
(systolic/diastolic) pressures fell from 165/95 to 
149/86 mm Hg after 4 weeks. However, the reflexive 
increase in heart rate, cardiac index and LV ejection 
rate was no longer observed, while total peripheral 
resistance was further reduced (Table VII). Thus, af- 
ter the immediate reflexive stimulation with intrave- 
nous diltiazem, more prolonged therapy evoked either 
some form of baroreceptor “adaptation” or lesser ad- 
renergic stimulation of the heart. 

Nitrendipine: Rat studies: This compound is a sec- 
ond generation of nifedipine. We administered the 
drug (20 mg/kg/day) by gastric tube to WKYs and 
SHRs; similar to our diltiazem experience (60 
mg/kg/day), we obtained the same magnitude of re- 
duction in pressure as we had observed with diltiazem. 
However, the pressure reduction was observed imme- 
diately after as well as with prolonged treatment in 
both the normotensive WKYs and the SHRs.??49 This 
pressure fall was associated with a significant reduc- 
tion in total peripheral resistance, without a reflexive 
increase in cardiac index or heart rate (Table VIII). In 
addition, and unlike our diltiazem experience, both 
WKYs and SHRs demonstrated a reduced cardiac 


mass with 3 weeks of treatment. Thus, although the 2 
calcium entry-blocking drugs had similar salutary he- 
modynamic effects, their effects on cardiac mass were 
different and were not solely related to a reduction of 
arterial pressure or reversal of LV hypertrophy. 
Unlike diltiazem, the immediate effect of nitrendi- 
pine (after intravenous injection) on organ hemody- 
namics was a significant reduction in brain, heart, 
renal, adrenal and splanchnic vascular resistances in 
WKYs whereas in the SHRs there was a significant fall 
in vascular resistance in the heart, kidneys and adre- 
nal glands, and a rise in cutaneous resistance.?9:40 With 
prolonged treatment (3 weeks) the hemodynamic 
changes were different from those we observed with 
diltiazem. Nitrendipine decreased vascular resistance 
in WKY skeletal muscle and the splanchnic organs, 
and reduced vascular resistance in skeletal muscle, 
heart and kidneys in the SHRs (Table IX). Thus, we 
must conclude that the hemodynamic effects of the 
calcium entry-blocking drugs on the various regional 
circulations differ, depending on the agent studied. 
Clinical studies: We also studied the immediate he- 
modynamic effects of nitrendipine in 12 patients with 
essential hypertension after a single 20-mg oral dose.? 
This permits comparison with the immediate findings 
in SHRs and in our other patients after intravenous 
diltiazem. Only 7 of the 12 patients demonstrated an 
immediate fall in pressure, which was produced-by a 
decreased total peripheral resistance and was associat- 
ed with a reflex increase in heart rate, cardiac index 
and LV ejection rate (Table VIIT) that could be related 
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to an increase in circulating norepinephrine levels 
(from 310 to 481 pg/ml). 

Cardiac mass: These findings with diltiazem and 
nitrendipine with respect to changes in cardiac mass 
reflect our present lack of understanding of the mech- 
anisms of action of antihypertensive drugs on myocar- 
dial protein synthesis. As indicated, the diuretics have 
little effect on cardiac mass; the vasodilating agents 
hydralazine and minoxidil also either have no effect or 
may even increase cardiac mass despite a profound 
and beneficial hemodynamic effect on reducing LV 
afterload.?9^* In contrast, the angiotensin converting 
enzyme inhibitors may reduce cardiac mass in hyper- 
tensive animals?94» and man.?1-46 The centrally acting 
antihypertensive agents have varying effects: methyl- 
dopa reduces cardiac mass in normotensive and hyper- 
tensive animals?*?5.47 and in hypertensive pa- 
tients, 5949? whereas clonidine, an agent with similar 
pharmacologic and hemodynamic effects, does not re- 
duce mass until high doses are used that no longer 
exhibit antihypertensive effects.* 

The heterogeneous class of calcium entry—blocking 
agents displays varying effects on cardiac mass, and 
this may be related to their respective intracellular 
actions.” It is of interest that those agents that reduce 
cardiac mass only seem to affect protein synthesis in 
the heart; in each of the foregoing studies the weights 
of the other organs remained unaffected.??9540 A vari- 
ety of mechanisms has been offered as explanation for 
the reduction in cardiac mass; it has been variously 
attributed to stimulation of the renin-angiotensin sys- 
tem, the adrenergic nervous system or perhaps those 
factors that inhibit calcium entry.*949 Tissue culture 
studies have shown that addition of angiotensin II 
initiates protein synthesis;! and infusion of norepi- 
nephrine and other adrenergic agents in subpressor 
amounts also initiates ventricular hypertrophy.925? It 
is clear that our understanding of this phenomenon is 
only beginning. Until we understand the molecular 
mechanisms involved in protein synthesis—and the 
fundamental mechanisms that serve to transduce the 
physiologic signal of pressure overload to the biochem- 
ical response of myocardial protein synthesis—this 
understanding will remain incomplete. 
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Effects of Diltiazem on Hormonal 
and Hemodynamic Responses to Lower Body 
Negative Pressure and Tilt in Patients 
with Mild to Moderate Systemic Hypertension 


PRAMOD K. MOHANTY, MD, JAMES R. SOWERS, MD, CAROLYN McNAMARA, RN, 
BARBARA WELCH, MS, FRANCES BECK, MS, and MARC D. THAMES, MD 


Mean arterial blood pressure, forearm vascular resis- 
tance, plasma norepinephrine, plasma renin activity 
and aldosterone responses to graded lower body neg- 
ative pressure and tilt at 80° were examined in 10 
men with mild to moderate essential hypertension 
before and after 12 weeks of diltiazem (240 to 360 
mg/day) therapy. Diltiazem therapy lowered basal 
supine systolic and diastolic blood pressures without 
affecting basal heart rate. Mean arterial blood pres- 
sure and forearm vascular resistance were decreased 
from 114 + 1.5 to 105 + 1 mm Hg, p <0.01 and from 
29.3 + 3.5 to 18.9 + 2.1 units, p «0.01, respective- 
ly. Diltiazem therapy had no effect on basal supine 


Diltiazem hydrochloride, a Ca** flux inhibitor, ap- 
pears to lower blood pressure primarily by reducing 
peripheral vascular resistance.!'-* Diltiazem and other 
Ca** flux inhibitors exert their smooth muscle vasodi- 
latory effects partly through interference with cate- 
cholamine-induced vasoconstriction.? Norepineph- 
rine increases transmembrane Ca** transport into 
smooth muscle, through a; and o? adrenoceptor-mod- 
ulated opening of slow calcium channels, thereby caus- 
ing vasoconstriction.®’ In addition, Ca++ may increase 
the release of catecholamines from the adrenal medul- 
la? and calcium-channel blockers appear to interfere 
with these processes.?? The effect of calcium-channel 
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levels of norepinephrine, plasma renin activity or aldo- 
sterone, nor on the responses of these hormones to 
lower body negative pressure. Diltiazem did decrease 
the forearm vascular resistance responses to lower 
body negative pressure and tilt. Diltiazem abolished 
an orthostatic increase (10 + 0.3 mm Hg) in mean 
arterial blood pressure and this was associated with a 
greater plasma norepinephrine response to tilt. These 
results suggest that diltiazem decreases vascular 
resistance through a reduction in the postjunc- 
tional effects of norepinephrine on vascular smooth 
muscle. 

(Am J Cardiol 1985;56:28H-33H) 


blockers on norepinephrine-induced vasconstriction is 
further evidenced by the observation that diltiazem 
attenuates the rise in blood pressure associated with 
norepinephrine infusion.1?.!1 

Sympathetic nervous system input into the skeletal 
muscle vasculature plays an important role in regulat- 
ing muscle blood flow.!?-1» Sympathetic nervous sys- 
tem input into this vascular bed is modulated by sev- 
eral inhibitory reflexes, including a “low pressure" 
cardiopulmonary baroreceptor system.16-1? Low-level 
lower body negative pressure, through reduction of 
cardiothoracic blood volume, causes significant acti- 
vation of sympathetic nervous system outflow, as evi- 


.denced by increases in forearm vascular resistance!?-1? 


and plasma norepinephrine levels.!? Because low-level 
lower body negative pressure does not alter arterial 
blood pressure or heart rate,?:1416-1? it is apparent that 
changes in low pressure cardiopulmonary baroreflex 
activity can increase peripheral sympathetic activity 
and vascular resistance. Although augmentation of 
cardiac baroreflexes has been demonstrated in mild to 
moderate hypertension,!??? it is not known whether 
therapy with a Ca** flux inhibitor such as diltiazem 
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Mean + Standard Error of the Mean Systolic and Diastolic Blood Pressure (BP) and Heart Rate Responses to 


Lower Body Negative Pressure and Tilt (80?) in 10 Men with Mild to Moderate Hypertension Before and After 12 


TABLE | 
Weeks of Diltiazem Therapy (DT) 
Measurement Baseline 
Systolic BP Pre-DT 145 + 2.5 
(mm Hg) Post-DT 136 + 3° 
Diastolic BP Pre-DT 98 t 1 
(mm Hg) Post-DT 85 -L 2"** 85 
Heart rate Pre-DT 7223 72 
(beats/min) Post-DT 68+ 2 66 


* p <0.05; ** p «0.01 for post-DT versus pre-DT. 


has any effect on these augmented cardiac barore- 
flexes. In the present study we evaluated the effects of 
diltiazem therapy on hormonal and hemodynamic re- 
sponses after selective activation of low pressure car- 
diopulmonary baroreflexes through graded lower body 
negative pressure and tilt. 


Methods 


Ten men, aged 33 to 66, with mild to moderate essential 
hypertension, were studied in the Hypertension Research 
Laboratory at the McGuire Veterans Administration Medi- 
cal Center. Mean arterial blood pressure ranged from 95 to 
114 mm Hg after all antihypertensive medications had been 
discontinued for 4 weeks. The patients had no other major 
medical illnesses such as coronary artery disease, congestive 
heart failure, renal insufficiency, chronic obstructive lung 
disease or diabetes mellitus. Studies were conducted before 
and after 12 weeks of diltiazem therapy at a dosage level of 
120 to 180 mg, 2 times a day. 

On study days, baseline blood sampling and hemodynam- 
ic measurements were initiated with the patients in a supine 
position and after having a heparin lock placed in a forearm 
vein of the left arm for 30 minutes. In order to selectively 
activate low pressure baroreceptors with lower body nega- 
tive pressure, subjects were positioned in a lower body nega- 
tive pressure chamber that encased them below the iliac 
crest. The chamber was sealed and connected to an adjust- 
able vacuum. Graded lower body negative pressure was ap- 
plied at —10, —20 and —40 mm Hg. Lower body negative 
pressure was maintained at each consecutive level for 5 min- 
utes at 10-minute intervals. Forearm blood flow was mea- 
sured in the right arm with a mercury-in-silastic strain gauge 
plethysmograph and intermittent venous occlusion tech- 
nique as previously described.?! Blood pressure was mea- 
sured in the left arm by an automatic cuff method and 
recording device (Critikon model 1160). Forearm blood flow 
was calculated from the rate of increase in forearm volume 
during venous occlusion expressed as ml/min/100 ml fore- 
arm volume. Forearm vascular resistance was then calculat- 
ed by dividing the mean arterial pressure (diastolic pressure 
plus one-third of the pulse pressure in mm Hg) by the fore- 
arm blood flow. 

After the lower body negative pressure studies, the sub- 
jects remained supine for 30 minutes; then basal hemody- 
namic determinations and blood sampling were done. The 
subjects were then tilted at an 80? angle with the horizon 
and measurements were repeated after 10 minutes of tilting. 

Blood samples (6 ml) were obtained before and after each 
level of lower body negative pressure, as well as before and 
after tilt for measurement of plasma catecholamines, plasma 
renin activity and aldosterone. Samples for catecholamines 
were collected in prechilled heparinized tubes and plasma 
was stored at —100? C until assayed. Catecholamines were 


—20 mm —40 mm Tilt (809) 
142 t 3 137 14 1475 
139 3 133 £5 131 +3° 
93+ 2 96 + 2.5 107 3 
84 + 2.5* 87 + 2.5* 92+ 2** 
7123 76+3 80+ 4 
66+ 3 71+4 82+2 


assayed by high performance liquid chromatography, using 
electrochemical detection.22?3 Detection in this system is 
coulometric and the sensitivity is less than 5 pg for norepi- 
nephrine, dopamine and epinephrine. Plasma renin activity 
was measured by radioimmunoassay for angiotensin I after 
titration to a pH of 7.4 with phosphate buffer and incubation 
at 37? C in the presence of angiotensinase inhibitors.?* Sen- 
sitivity of this assay is 0.2 ng/ml/hour and intrassay coeffi- 
cient of variation is 4%. Aldosterone was measured by radio- 
immunoassay after extraction and column separation.” 
Sensitivity for this assay is 0.4 ng/dl and the intrassay coeffi- 
cient of variation is 6%. Statistical differences in levels of 
plasma catecholamines, plasma renin activity, aldosterone 
and hemodynamic parameters, as well as responses to lower 
body negative pressure and tilt before and after diltiazem 
treatment, were determined by analysis of variance. Multi- 
ple regression analysis was used to calculate correlation coef- 
ficients between various parameters, and values are signifi- 
cant at p «0.05. Data are presented as mean + standard 
error. 


Results 


Table I shows that diltiazem therapy decreased 
both resting supine systolic and diastolic blood pres- 
sures in these 10 men with mild to moderate hyperten- 
sion. Mean arterial pressure was decreased (p «0.01) 
from 114 + 1.5 to 105 + 1 mm Hg over the 12-week 
treatment period. Neither systolic nor diastolic blood 
pressure changed in response to graded lower body 
negative pressure (Fig. 1). Before diltiazem therapy, 
there was an increase in both systolic (p «0.05) and 
diastolic (p <0.01) blood pressure in association with 
tilt. After diltiazem therapy, the increase in systolic 
and diastolic blood pressure with tilt was eliminated. 
Diltiazem therapy alone had no effect on heart rate. 
There was no change in heart rate associated with 
lower body negative pressure before or after diltiazem 
treatment; however, heart rate increased (p <0.05) 
with tilting both before and after diltiazem therapy. 

Diltiazem therapy was associated with a decrease (p 
«0.01) in supine basal forearm vascular resistance 
from 29.3 + 3.5 to 18.9 + 2.1 units. The reduction in 
basal forearm vascular resistance correlated (r = 0.74) 
with the reduction in mean arterial pressure. Forearm 
vascular resistance was incrementally increased from 
—10 through —40 mm Hg of lower body negative pres- 
sure before diltiazem (Fig. 1). The incremental re- 
sponses in forearm vascular resistance to lower body 
negative pressure were markedly decreased (p <0.001) 
after diltiazem therapy at all levels of graded lower 
body negative pressure. 
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There was no change in plasma dopamine, epineph- 
rine or norepinephrine levels in response to lower body 
negative pressure or tilt. Before diltiazem therapy 
there was an increase (p <0.01) in plasma norepineph- 
rine from 132 + 14 ng/ml to 189 + 15 ng/ml at —10 mm 
Hg of lower body negative pressure and to 265 + 55 
ng/ml at —40 mm Hg of lower body negative pressure 
(Fig. 2). Tilting at 80° was also associated with an 
increase (p <0.01) in plasma norepinephrine from bas- 
al supine levels. After diltiazem therapy there was no 
significant difference in basal supine norepinephrine 
levels or in norepinephrine levels after graded lower 
body negative pressure. However, the norepinephrine 
response to tilting after diltiazem therapy was greater 
(p <0.01) than that before therapy. 

Basal levels of plasma renin activity and aldosterone 
as well as levels after graded lower body negative pres- 
sure and tilt were similar before and after diltiazem 
(Fig. 3). Both plasma renin activity and aldosterone 
levels were increased (p <0.05) after —40 mm Hg lower 
body negative pressure. In addition, there were plasma 
renin activity and aldosterone responses to tilt (p 
<0.05) before and after diltiazem therapy. 
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FIGURE 1. Mean + standard error of the mean response of forearm 
vascular resistance and mean arterial pressure to graded lower body 
negative pressure in 10 men with mild to moderate essential hyper- 
tension before and after diltiazem therapy. *denotes a statistical 
difference between the pre-diltiazem and post-diltiazem responses. 
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FIGURE 2. Mean + standard error of the mean response of plasma 
dopamine and norepinephrine to graded lower body negative pressure 
in 10 men with mild to moderate essential hypertension before and 
after diltiazem therapy. “denotes a statistical difference between the 
pre-diltiazem and post-diltiazem responses. 


December 6, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 ST = 


Discussion 

This study demonstrates that in patients with mild 
to moderate hypertension, graded lower body negative 
pressure unassociated with blood pressure changes re- 
sults in sympathetic nervous system activation. Our 
observations in hypertensive subjects are thus similar 
to those previously observed in normotensive sub- 
jects.!9?5 Goldsmith et al!? have observed that in nor- 
motensive subjects forearm vascular resistance during 
lower body negative pressure was accompanied by an 
increase in plasma norepinephrine. Kiowski and Ju- 
lius?? observed an increase in plasma norepinephrine 
during transient occlusion of venous return from the 
lower extremities. Our data are also consistent with 
those of Sundlóf and Wallin,!^ who found a consistent 
increase in multiunit sympathetic activity in record- 
ings from the muscle branches of the medium nerve 
after lower body negative pressure in normotensive 
subjects. 

Thus, unloading of low pressure cardiopulmonary 
mechanoreceptors, without associated changes in sin- 
oaortic baroreceptor activity, results in heightened ac- 
tivity of the sympathetic nervous system. 'The mecha- 
nism of increased plasma norepinephrine levels is 
probably via decreased input from cardiopulmonary 
receptors with vagal afferents, deactivation of which 
in animals leads to increased sympathetic activity.?9 

After tilt there was also an increase in plasma nor- 
epinephrine that was seen in association with lower 
body negative pressure. This observation concurs with 
the results of previous studies?™-? that have estab- 
lished the importance of sympathetic nervous system 
activation, and increases in plasma norepinephrine 
levels, in maintenance of blood pressure, especially in 
response to posture changes. The sympathetic activity 
response to tilt appears to be mediated primarily 
through activation of sinoaortic baroreceptors and af- 
ferent pathways, which inhibit the same neuronal 
pools of the vasomotor center as does afferent input 
from cardiopulmonary receptors.?0?! A lack of epi- 
nephrine and dopamine response to graded lower body 
negative pressure and upright tilt suggests that, in 
contrast to peripheral sympathetic release of norepi- 
nephrine, adrenal medullary release of catecholamines 
is not mediated by cardiopulmonary sinoaortic baro- 
reflexes. ; 

In vitro studies have shown that the release of cate- 
cholamines from the adrenal medulla in response to a 
variety of secretogogues is calcium-dependent.?22? 
Norepinephrine release from noradrenergic neurons is 
also calcium-dependent because the transport of se- 
cretory granules to the cell surface, fusion of the gran- 
ules with surface membrane and subsequent exocyto- 
sis utilize a contractile process that is regulated by 
calcium and cyclic nucleotides.*4 In vitro studies 
showed that diltiazem, presumably through its Ca** 
flux inhibitory action, reduced adrenal medullary cat- 
echolamine release in response to several secreta- 
gogues.?* In contrast to in vitro evidence that diltia- 
zem might decrease catecholamine secretion, Inonye 
et al? reported that diltiazem therapy increased plasma 
norepinephrine and plasma renin activity levels in 


hypertensive patients. Our findings—that diltiazem 
therapy had no effect on basal supine levels of norepi- 
nephrine, epinephrine or dopamine—are in agreement 
with another recent report of no change in plasma nor- 
epinephrine or epinephrine after diltiazem therapy in 
normotensive subjects.!! Further, we observed no ef- 
fect of diltiazem on plasma norepinephrine responses 
to graded lower body negative pressure. Diltiazem 
therapy was associated with an enhanced plasma nor- 
epinephrine response to tilt, probably related to a 
baroreceptor-modulated increase in efferent sympa- 
thetic traffic owing to a lower post-diltiazem blood 
pressure after tilt. 

There was a strong correlation between the decrease 
in forearm vascular resistance and the decrease in ar- 
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FIGURE 3. Mean + standard error of the mean response of plasma 
renin activity (PRA) and aldosterone to graded lower body negative 
pressure in 10 men with mild to moderate essential hypertension 
before and after diltiazem therapy. *denotes a statistical difference 
between the pre-diltiazem and post-diltiazem responses. 
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terial blood pressure in our patients with mild to mod- 
erate hypertension. Diltiazem therapy inhibited the 
vascular reactivity response to lower body negative 
pressure without affecting the plasma norepinephrine 
response. These observations suggest that the effects 
of diltiazem in reducing blood pressure are due to a 
reduction in the postjunctional action of norepineph- 
rine on vascular smooth muscle contractility. These 
observations are consistent with the idea that the sym- 
pathetic nervous system affects intracellular calcium 
levels by opening slow calcium channels, an effect 
modulated through a; and a; adrenoceptors.9? It has 
been previously observed that calcium levels in human 
platelets are elevated in hypertensive subjects.’ It has 
also been observed that, in clinical settings, the in- 
creased intracellular free calcium levels can be de- 
creased by calcium antagonists and the decrease in 
intracellular calcium relates directly to the decrease in 
blood pressure.?6 

There is considerable in vitro evidence that Ca** 
has significant effects on renin and aldosterone secre- 
tion.?7-3? Ca** flux inhibitors have been reported to 
increase plasma renin activity? and decrease aldoste- 

 rone?? secretory responses to various secretogogues. In 
the clinical setting, diltiazem therapy has been report- 
ed to increase plasma renin activity acutely in normo- 
tensive subjects!! and after long-term therapy in hy- 
pertensive subjects.*° Our observations—that diltia- 
zem therapy did not affect basal supine plasma renin 
activity or lower body negative pressure and tilt-relat- 
ed increase in plasma renin activity—are in agreement 
with those of Aoki et al% in normotensive and hyper- 
tensive subjects. In the present study, diltiazem thera- 
py had no effect on plasma aldosterone levels or on 
aldosterone responses to graded lower body negative 
pressure and tilt. 

This is the first report of a renin and aldosterone 
response to lower body negative pressure and to tilting 
in patients with hypertension. Our observation of a 
renin response to lower body negative pressure sup- 
ports prior observations of plasma renin responses to 
venous pooling of blood in legs caused by thigh cuff 
inflation? and lower body negative pressure.*! The 
increase in renin release that occurs with assumption 
of the upright posture probably results from the reflex 
increase in sympathetic activity induced by the blood 
volume shift to the lower limbs.*?-^4 The basis for this 
conclusion is the absence of any postural increase in 
renin during head-up tilt in animals with denervated 
kidneys ^? and in normal subjects after 8-adrenergic 
blockade** or under the influence of antigravity de- 
vices.*? The finding of a renin response to lower body 
negative pressure in this study provides additional 
evidence that the cardiopulmonary receptor system 
plays an important role in modulating renin release 
in response to vascular fluid shifts. Aldosterone re- 
sponses to lower body negative pressure and tilt 
probably occur secondary to activation of renal renin 
release. 
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Rationale for Calcium Entry-Blocking Drugs 
in Systemic Hypertension 
Complicated by Coronary Artery Disease 


ROBERT A. O'ROURKE, MD 





There is considerable rationale for the use of the 
calcium entry-blocking drugs for the treatment of 
hypertension and prevention of recurrent episodes of 
angina pectoris in patients with systemic hypertension 
and significant coronary artery disease—the 2 entities 
commonly occurring together. Calcium entry-block- 
ing drugs improve myocardial blood flow while de- 
creasing myocardial oxygen demand. These agents 
can be given to most patients with ischemic heart 
disease and its complications, and are associated 


‘with a relatively low incidence of serious adverse 


effects and toxicity during long-term therapy. They 
reduce the frequency of anginal attacks, prolong exer- 
cise time to ST-segment depression or angina and 
improve exercise capacity. With long-term therapy, 
tolerance does not develop as it does in many patients 
with the “‘long-acting’’ nitrates. 

Calcium entry-blocking drugs reduce systolic 
blood pressure in patients with hypertension by a 
decrease in peripheral vascular resistance and a uni- 
form improvement in blood flow affecting the myocar- 
dium, kidney and brain. There are no central nervous 
system adverse effects and hypokalemia does not 


occur. Unlike therapy with the j-blocking drugs, 
chronic treatment with the calcium entry blockers 
does not reduce the serum level of high-density lipo- 
protein cholesterol nor increase serum triglyceride 
concentration. The calcium blockers decrease the 
arterial blood pressure without increasing intravascu- 
lar plasma volume and are associated with only a 
slight increase in reflex-mediated sympathetic activity 
and heart rate, the latter occurring predominantly with 
nifedipine. 

Calcium entry-blocking drugs provide alternative 
or preferred therapy to -blocking agents in patients 
with a combination of hypertension and angina pecto- 
ris. They are likely to be more effective in elderly 
patients and in blacks and can be prescribed for 
patients with bronchospastic disease and symptomat- 
ic peripheral vascular disease. For many reasons, of 
the 3 currently available calcium blockers, diltiazem 
is likely to be the most effective calcium entry blocker 
for monotherapy in patients with hypertension and 
ischemic heart disease, although most worldwide ex- 
perience for this indication has been with nifedipine. 

(Am J Cardiol 1985;56:34H-40H) 





_ Systemic hypertension and ischemic heart disease fre- 


quently occur in the same patient for several reasons. 
First, hypertension is a well-known risk factor for cor- 
onary atherosclerosis and effective treatment of hy- 
pertension reduces the morbidity and mortality re- 


_ sulting from coronary artery disease (CAD), as well as 


from stroke. Second, several of the diseases or condi- 
tions associated with 1 of these 2 common disorders 
are also independently associated with the other. For 
example, systemic hypertension often results from 
chronic renal disease and uremia accelerates coronary 
atherosclerosis. Also, an increased incidence of both 
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hypertension and symptomatic coronary atherosclero- 
sis is found in patients with obesity, diabetes mellitus 
or a long history of cigarette smoking. Finally, in pa- 
tients with severe coronary atherosclerosis and in 
those with mild to moderate CAD but considerable 
left ventricular (LV) hypertrophy, hypertension is an 
important determinant of an increased myocardial ox- 
ygen demand. The severity of angina is often reduced 
in such patients when the systolic blood pressure is 
lowered by appropriate drug therapy; in many pa- 
tients anginal episodes actually disappear when the 
blood pressure is controlled by medical therapy. 
Accordingly, many patients with both hypertension 
and symptomatic CAD will require medical therapy 
with drugs selected both for their efficacy as antian- 
ginal agents and for their ability to reduce the arterial 
blood pressure at rest and during exercise. This article 
will focus first on the use of calcium entry-blocking 
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drugs as antianginal agents and then on the utility of 
these drugs for the treatment of hypertension compli- 
cated by ischemic heart disease. 


Calcium Entry Blockers as Antianginal Agents 


The desirable characteristics of an antianginal 
agent are listed in Table I. Each of the currently avail- 
able calcium entry-blocking drugs—diltiazem, nifedi- 
pine and verapamil—has been shown to reduce angina 
due to coronary artery spasm (variant angina) and to 
prevent, attenuate or reverse the angiographically 
demonstrated coronary artery spasm that can be pro- 
duced in susceptible patients with intravenous ergo- 
novine stimulation. Each of these drugs has also 
been shown to decrease the frequency of angina at- 
tacks and to improve exercise tolerance in patients 
with chronic stable angina.9-15 During treadmill or bi- 
cycle exercise, diltiazem, nifedipine and verapamil in- 
crease the exercise time to ST-segment depression (as 
measured by electrocardiogram monitoring) and pro- 
long the time to the development of angina as well as 
the total exercise duration. Several studies!?-?! indi- 
cate that calcium blockers are as efficacious as f- 
blocking drugs or “long-acting” nitrates in preventing 
recurrences of myocardial ischemia in patients with 
unstable angina, most of whom have angina at rest. In 
1 study,”! nifedipine was particularly effective in the 
subgroup of patients who tended to show ST-segment 
elevation on the electrocardiogram during episodes of 
ischemic chest pain. It is likely that an element of 
increased coronary vasomotor tone (coronary artery 
spasm) contributes to myocardial ischemia in many 
such patients.?2-24 

Although controversy exists as to the primary mech- 
anism, calcium entry blockers probably exert their 
salutary effects in patients with variant angina, angina 
at rest and chronic exertional angina by both reducing 
myocardial oxygen demand and improving coronary 
blood flow (Fig. 1). The calcium entry-blocking drugs 
reduce the heart rate-blood pressure product at rest 
and during exercise: nifedipine decreases arterial 
blood pressure during exercise, while verapamil and 
diltiazem reduce heart rate during exercise. Thus, 
these drugs favorably affect several factors that influ- 
ence myocardial oxygen demand. Also, calcium block- 
ing drugs cause coronary artery and systemic arterial 
dilatation and may reverse, blunt or prevent coronary 
artery vasoconstriction. Therefore, calcium blockers 
provide effective therapy for patients with variant an- 
gina due to coronary artery spasm and may reverse any 
coronary vasoconstriction in otherwise normal coro- 
nary arteries or in the lumen of areas with eccentric 
coronary artery stenosis; in either case coronary blood 
flow is improved to areas of myocardial ischemia in 
patients with chronic exertional angina or unstable 
angina. 

Therapy with a calcium entry blocker is applicable 
to most patients with ischemic heart disease and its 
complications. This heterogeneous group of drugs 
does not produce or worsen symptoms in patients with 
bronchospastic lung disease or peripheral vascular dis- 
ease. They can also be given to patients with diabetes 


TABLE! Desirable Characteristics of Antianginal Drugs 


Improvement of coronary blood flow while decreasing myocardial 


oxygen demand 

Applicability to most patients with ischemic heart disease and its 
complications 

Relatively low incidence of adverse effects and toxicity during long- 
term therapy 

No development of tolerance during long-term treatment 

Favorable modification of risk factors for progressive coronary 
atherosclerosis 


mellitus, including those taking insulin. However, 
they should not be used in patients with severe hypo- 
tension or overt congestive heart failure. The differ- 
ences in potency for various therapeutic actions are 
useful when administering calcium entry blockers in 
patients with complications resulting from ischemic 
heart disease. For example, nifedipine can be used for 
the treatment of angina in patients with resting brady- 
cardia and first degree atrioventricular (AV) block 
because it does not produce the same depression of AV 
conduction and sinoatrial nodal activity in therapeutic 
doses that occurs with verapamil and to a lesser extent 
with diltiazem. In patients with severe LV dysfunction 
who are not in overt heart failure, diltiazem, the calci- 
um blocker with the least depressant effect on LV 
performance, can be used to treat angina, whereas 
verapamil in particular is more likely to produce or 
exacerbate any symptoms of heart failure. 

Adverse effects occur with the calcium entry 
blockers, but most of these reactions are relatively 
minor and unassociated with an increase in either 
morbidity or mortality; true drug toxicity is uncom- 
mon. The incidence of adverse effects is by far the 
greatest with nifedipine because of its marked strong 
arterial vasodilator effects in therapeutic doses and 
the resulting reflex increase in sympathetic activity. 
Dizziness, cutaneous flushing and marked postural 
hypertension are particularly common adverse effects 
seen with it. Constipation is most common with vera- 
pamil, and all 3 cause peripheral edema, frequently 
transient in nature. Diltiazem is associated with a rela- 
tively small incidence of adverse effects but with all 3 
drugs, untoward effects are more common at high 
doses. The development of advanced AV block or se- 
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FIGURE 1. Favorable effects of currently available calcium entry- 
blocking drugs on the determinates of myocardial oxygen demand and 
coronary blood flow. N, V and D = nifedipine, verapamil and diltia- 
zem, respectively, in order of relative potency. 
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vere heart failure with the use of these drugs is uncom- 
mon if patients who have preexisting first degree AV 
block, peripheral conduction abnormalities or evi- 
dence of heart failure before therapy are excluded. 
These complications occur more commonly when a 
calcium entry blocker is combined with a 8-blocking 
drug, particularly when the calcium blocking drug is 
verapamil. Interestingly, the calcium entry-blocking 
drugs when used alone have been shown to actually 
improve the LV ejection fraction and the response of 
the LV ejection fraction to exercise in patients in 
whom myocardial ischemia is improved. Calcium en- 
try blockers can also affect LV performance by arterial 
vasodilatation, which reduces afterload and improves 
the LV ejection fraction, despite the direct negative 
inotropic effect (Fig. 2).12.15 

Neither tachyphylaxis nor partial tolerance appears 
to develop to the antianginal effects of the calcium 
entry blockers. Petru et al? have demonstrated the 
same antianginal efficacy of diltiazem in patients with 
chronic exertional angina 16 months after the initia- 
tion of therapy that was present at the end of 2 weeks 
of treatment (Fig. 3). Similar data indicate that vera- 
pamil and probably nifedipine also provide effective 
long-term therapy for chronic stable angina.”® 

Calcium entry-blocking drugs decrease peripheral 
vascular resistance and by lowering the blood pressure 
in patients with hypertension are effective in reducing 
this risk factor for coronary atherosclerosis. These 
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FIGURE 2. Radionuclide-determined left ventricular ejection fraction 
at rest and during exercise on placebo, left, and diltiazem, right, in 13 
patients with chronic stable angina. SEM = standard error of the 
mean. Reproduced with permission from Circulation. '5 
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agents do not adversely affect serum lipids. They do 
not reduce the serum level of high-density lipoprotein 
cholesterol or increase the serum triglyceride concen- 
tration, which often occurs in patients receiving 
long-term therapy with either 8 blockers or thiazide 
diuretics. 


Comparison with Other Antianginal Drugs 


The calcium entry-blocking drugs provide alterna- 
tive or additional therapy to nitrates for variant or 
unstable angina as well as alternative or additional 
therapy to nitrates or 6-blocking drugs for chronic 
stable angina. The nitrates act primarily by reducing 
venous return, LV volume and arterial pressure, thus 
decreasing LV wall stress, a major determinant of 
myocardial oxygen demand at rest and during exer- 
cise.” In addition, they reverse any coronary vasocon- 
striction in the large coronary arteries or that involves 
the lumen in areas with eccentric coronary artery ste- 
nosis, thereby promoting improved coronary blood 
flow to areas of myocardial ischemia.?? There is also 
some evidence that nitroglycerin improves collateral 
coronary blood flow in patients with severe coronary 
artery stenosis.?' 

There are several advantages to using nitrate thera- 
py in patients with angina pectoris. First, there is 
considerable clinical experience with them, and their 
efficacy is well proven. This is particularly true with 
regard to the use of short-acting nitrates to interrupt 
episodes of angina pectoris. Second, the nitrates, like 
the calcium entry blockers, prevent and may reverse 
any element of coronary artery vasoconstriction con- 
tributing to episodes of myocardial ischemia. Third, 
nitrates frequently improve LV performance by re- 
ducing LV end-diastolic volume and thus pulmonary 
venous pressure. They also may improve the LV ejec- 
tion fraction by afterload reduction. Fourth, the ad- 
verse effects of nitrate therapy are well defined and 
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FIGURE 3. Exercise duration (seconds) until onset of ischemic ST- 
segment depression during double-blind crossover study (4 weeks) 
and during long-term follow-up at 4, 10 and 16 months in 8 patients 
who completed the long-term study. Values are for each diltiazem- 
treatment week versus all comparable placebo-treatment weeks. SD 
— standard deviation. Reproduced with permission from Am Heart J.?5 
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there is minimal interaction with other drugs, except 
for the potentially additive hypotensive effect that 
may occur when nitrates are added to other vasodila- 
tor drugs. Finally, nitrate therapy is relatively inex- 
pensive compared with other antianginal drugs. 

There are, however, several limitations to nitrate 
therapy. First, currently available preparations have 
not been proven to provide effective once-daily or even 
twice-a-day therapy. This is also the case with calcium 
entry blockers. Importantly, partial to complete toler- 
ance often develops in patients with angina pectoris. 
The duration of the reduction in arterial blood pres- 
sure and the increase in exercise tolerance after each 
dose lasts for a shorter duration during chronic nitrate 
therapy compared with the salutary effect observed 
early after the initiation of treatment.?? Tolerance 
does not occur with the long-term use of a calcium 
entry blocker. Third, there are few discrete quantita- 
tive endpoints for dosage adjustments with nitrate 
therapy. Adverse effects are relatively common with 
nitrate therapy, and a reduction in the arterial diastol- 
ic blood pressure to below 60 mm Hg can often reduce 
coronary blood flow to areas of coronary artery steno- 
sis that are already dilated due to local hypoxia and 
are “pressure dependent" for adequate perfusion. 

The 8-blocking drugs produce their salutary effects 
primarily by decreasing several determinants of myo- 
cardial oxygen demand at rest and particularly during 
exercise in patients with angina pectoris.?0-?? The pri- 
mary effect of the 8 blockers is to attenuate the heart 
rate response to endogenous catecholamines during 
exercise or other forms of stress. The decrease in sys- 
temic arterial pressure at rest, and to a greater extent 
during exercise, is a lesser factor except in patients 
with systemic hypertension. The slight reduction in 
myocardial contractility produced by the 8 blockers is 
a relatively minor factor in reducing the myocardial 
oxygen demand, as is also the case with calcium 
blockers. The 8-blocking drugs have little effect on the 
coronary blood supply to ischemic myocardium al- 
though a redistribution of blood flow to the subendo- 
cardial area has been demonstrated in experimental 
animals. In contrast, the calcium entry blockers cause 
coronary artery dilatation. 

There are several advantages to the use of 8-block- 
ing drugs in the treatment of patients with chronic 
stable angina, and their beneficial effect has been well 
demonstrated. First, a decrease in myocardial oxygen 
demand at rest and during exercise has been clearly 
defined as the mechanism of action, and the heart rate 
response to exercise can be used as a therapeutic end- 
point for therapy. Second, the potentially adverse ef- 
fects of 8 blockers and their interactions with other 
drugs are well known. Third, specific drugs are avail- 
able with sufficiently long half-lives for once-a-day 
therapy, which improves patient compliance. Finally, 
partial tolerance and tachyphylaxis, such as occur 
with nitrates, seldom result from 6-blocker therapy. 

However, there are several contraindications to the 
use of 6-blocking drugs that modify or prevent their 
use in many patients. These include overt congestive 
heart failure, advanced AV block and documented si- 
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noatrial nodal disease. Because all 8-blocking drugs, 
including the “cardioselective” ones, affect both 8 
and 85 receptors when given in moderate to high dos- 
ages, 6-blocking drugs often worsen symptoms in pa- 
tients with bronchospastic disease or symptomatic pe- 
ripheral arterial disease. By contrast, no exacerbation 
of symptoms occurs with the calcium entry blockers. 
Also, 8-blocking drugs tend to increase serum triglyc- 
eride levels and reduce the serum level of high-density 
lipoprotein cholesterol, thus worsening lipid abnor- 
malities that are often present in patients with isch- 
emic heart disease and for whom they are a risk factor. 
Calcium entry-blocking drugs produce no change in 
serum lipid levels. 

Several clinical studies have been performed com- 
paring 1 or more calcium entry-blocking drugs with a 
B blocker, usually propranolol, or with a “long-acting” 
nitrate, usually isosorbide dinitrate, in patients with 
chronic stable angina.19.1.1532-57 Tn general, the calci- 
um entry blockers appear to be equally or possibly 
more effective in the treatment of patients with angina 
pectoris, depending on the patient population studied 
and the doses used. “Step-therapy” for angina pecto- 
ris is now popular, and many physicians prescribe 1 
antianginal drug initially and then add a second and 
subsequently a third medication for patients with an 
unsatisfactory reduction in the frequency of anginal 
attacks. However, no formula for using a particular 
sequence of drug therapy (for example, “long-acting” 
nitrate, then 8 blocker, then calcium blocker) has been 
proven better than another (for example, calcium or 8 
blocker first, then a nitrate, then 1 of the remaining 
group of drugs). 

Combined therapy with a calcium entry-blocking 
drug and a 8-blocking agent or a “long-acting” nitrate 
produces a greater salutary result than single drug 
therapy in some patients with chronic stable angina. 
In certain patients, “triple therapy" for angina (calci- 
um blocker plus 8 blocker plus nitrate) provides an 
even greater reduction in the frequency of angina and 
improves exercise tolerance more than with monother- 
apy. However, adverse effects are likely to be more 
common in combined therapy and deleterious results 
may occur. When calcium entry-blocking drugs and 
nitrates are combined, the reduction in systemic vas- 
cular resistance is additive and severe postural hypo- 
tension results in some patients. Accordingly, the dos- 


age of 1 vasodilator often must be reduced when the 


second agent is added, and careful measurement of the 
supine and upright blood pressure before and after 
therapy is important. 

Both 8 and calcium entry blockers decrease sinoatri- 
al nodal activity, prolong AV conduction and depress 
LV performance. Accordingly, combination therapy 
with drugs from these 2 groups is likely to produce 
marked bradycardia, advanced AV block or LV failure 
in certain patients, particularly when verapamil is the 
calcium entry blocker. Verapamil has the greatest de- 
pressant effect on sinoatrial nodal activity, AV con- 
duction and LV performance.??-^! However, such com- 
plications appear to be infrequent and are unlikely to 
occur in patients who have no manifestations of sino- 
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. 38H A SYMPOSIUM: ROLE OF CALCIUM ENTRY-BLOCKING DRUGS IN HYPERTENSION 


TABLE I| Additional Desirable Characteristics of 
Antianginal, Antihypertensive Drugs 

Decrease in total peripheral resistance 

Efficacy in elderly patients 

No expansion of intravascular (plasma) volume 

Minimal reflex cardiac stimulation 

Once- or twice-a-day dosage 

Relatively low cost for effective therapy 


atrial nodal disease, AV block or congestive heart 
failure before the initiation of combined antianginal 
therapy. 


Use of Calcium Entry-Blocking Drugs 
for Patients with Concomitant Hypertension 
in Ischemic Heart Disease 


Additional characteristics that would be desirable 
in an antianginal drug used to treat concomitant sys- 
temic hypertension are listed in Table II. The calcium 
entry-blocking drugs have been used for several years 
in Europe for this purpose and are being used with 
increased frequency as monotherapy for patients with 
a combination of hypertension and recurrent episodes 
of angina pectoris.4?-47 

The ideal antihypertensive and antianginal drug 
should reduce arterial pressure primarily by decreas- 

ing total peripheral resistance with a relatively uni- 
form decline in vascular resistances in the major organ 
circulations of the body, including the kidney, heart 
and brain. The calcium entry-blocking drugs possess 
this characteristic and increase coronary blood flow 
. through coronary artery dilatation while decreasing 
the systemic blood pressure—a major determinant of 
LV wall stress—and thus myocardial oxygen demand. 
. Because angina in patients with hypertension occurs 
. more frequently with increasing age, an ideal antihy- 
pertensive and antianginal drug would be one that is 
proven effective in elderly patients and in blacks as 
well as whites. The efficacy of calcium entry-blocking 
drugs is not dependent on the status of the renin- 
angiotensin-aldosterone system; they are effective 
antihypertensive agents regardless of renin levels. Pa- 
. tients with a combination of hypertension and isch- 
. emic heart disease frequently have depressed LV per- 
. formance and often develop signs and symptoms of 
. left-sided heart failure. Therefore, in such patients it 


"would seem appropriate to use antihypertensive, an- - 


- tianginal drugs that reduce peripheral vascular resis- 
. tance and thus promote forward blood flow without 
- expanding the intravascular (plasma) volume, the lat- 
. ter being a potentially deleterious effect of many anti- 
hypertensive drugs.*®°° In the studies by Olivari et 
al? calcium entry-blocking drugs produced no intra- 
vascular volume expansion, no alteration in glomeru- 
lar filtration rate and no change in plasma renin activi- 
ty in a group of hypertensive patients in whom blood 
pressure, was importantly reduced. Muiesan et al^4 
found similar results in groups of hypertensive pa- 
tients treated with nifedipine or verapamil. 
Myocardial oxygen consumption is directly related 
to heart rate, and it is desirable to avoid tachycardia in 
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patients with angina pectoris, because of potential 
myocardial ischemia. It would be desirable to use 
drugs for the treatment of combined hypertension and 
angina pectoris that produce minimal reflex stimula- 
tion of the sympathetic nervous system. The reduction 
in blood pressure produced by the calcium entry- 
blocking drugs elicits a baroreceptor reflex-mediated 
indirect increase in heart rate that is more commonly 
observed with nifedipine than with either verapamil or 
diltiazem. The latter 2 calcium entry blockers have a 
greater direct depressant effect on sinoatrial nodal 
activity in therapeutic doses than does nifedipine. 
Klein et al^* showed that both diltiazem and nifedi- 
pine were effective in controlling mild to moderate 
chronic essential hypertension. The average heart rate 
during therapy was not significantly increased by ni- 
fedipine and was lowered by diltiazem. Nifedipine 
therapy was associated with a reflex activation of the 
sympathetic nervous system in all patients and result- 
ed in an increase in plasma norepinephrine concentra- 
tion and tachycardia in some. Moreover, diltiazem has 
the advantage of lowering blood pressure, reducing 
afterload and increasing stroke volume with a less 
pronounced increase in catecholamines and without 
reflex tachycardia. Further, adverse effects with dil- 
tiazem were uncommon and long-term therapy was 
well tolerated. 

It would be useful to have a therapeutic agent for 
monotherapy in patients with hypertension compli- 
cated by ischemic heart disease that would provide 
effective therapy when given once or twice a day. Cur- 
rently, calcium entry blockers are not available in a 
preparation that permits once- or twice-a-day dosing. 
However, new formulations of the currently available 
drugs that permit twice-a-day therapy are being used 
in clinical research studies, and other calcium entry- 
blocking drugs with longer half-lives should be avail- 
able soon. At this time, the daily cost of therapy with 
calcium entry blockers is higher than either 8 blockers 
or many of the other antihypertensive drugs. The sin- 
gle exception is the angiotensin-converting enzyme 
inhibitor, captopril. 

Considering the various hemodynamic effects of the 
3 currently available calcium entry blockers, diltiazem 
will most likely become the most effective agent for 
monotherapy in patients with both hypertension and 
angina pectoris. It has fewer untoward effects than 
either nifedipine or verapamil, and it produces the 
least depression of LV performance and rarely causes 
reflex tachycardia. Verapamil is more likely to cause 
or exacerbate LV dysfunction or bradycardia, and ni- 
fedipine has the highest incidence of adverse effects, 
often producing reflex tachycardia. 


Comparison with Other 
Antianginal-Antihypertensive Drugs 


The 6-adrenergic receptor-blocking drugs have 
both antianginal and antihypertensive effects. They 
have been used effectively as monotherapy or com- 
bined with other antihypertensive drugs in the treat- 
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ment of patients with both angina pectoris and hyper- 
tension. There are 6-blocking drugs available for once- 
or twice-a-day therapy in patients with hypertension 
and ischemic heart disease. However, the 6-blocking 
drugs are frequently ineffective in controlling blood 
pressure in blacks and in elderly patients. Calcium 
entry-blocking drugs may be better for this purpose. 
Also, the 6-blocking drugs do not decrease total pe- 
ripheral vascular resistance and their use is often asso- 
ciated with central nervous system untoward effects. 
In addition, the 8-blocking drugs may exacerbate 
bronchospasm in patients with chronic lung disease or 
intermittent claudication in patients with generalized 
atherosclerosis. Finally, long-term therapy with $- 
blocking drugs tends to result in an increase in serum 
triglyceride levels while reducing levels of high-densi- 
ty lipoprotein cholesterol. Calcium entry-blocking 
drugs do not have this potentially adverse effect. 

Diuretics are frequently used as first-step therapy 
for patients with systemic hypertension, including 
those with coincident CAD. It is now recognized that 
hypokalemia, serious arrhythmias and sudden death 
are potential complications of diuretic therapy in pa- 
tients with systemic hypertension, particularly in 
those with severe coronary atherosclerosis. In addi- 
tion, long-term administration of thiazide diuretics 
often produces the abnormal lipid profile seen with 6- 
blocking drug therapy. 

Other antihypertensive drugs that are primary va- 
sodilators do not exert a favorable effect on blood flow 
to ischemic myocardium and may even precipitate an- 
gina pectoris by either causing reflex tachycardia (e.g., 
hydralazine) or by reducing the perfusion pressure to 
myocardium distal to severe coronary artery stenoses 
without augmenting coronary blood flow. Whether 
coronary artery “steal” is produced frequently by cal- 
cium entry-blocking drugs is a subject of current 
investigation. 
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In a randomized, double-blind, placebo-controlled 
crossover trial, diltiazem and nifedipine were com- 
pared in 10 patients with stable angina pectoris and 
mild to moderate hypertension (supine diastolic blood 
pressure = 90 mm Hg). Patients received placebo for 
2 weeks, then increasing doses of diltiazem (90 to 
360 mg/day) or nifedipine (30 to 120 mg/day) in 3 
daily divided doses over 2 weeks, followed by 1 week 
of therapy at the maximal dose, a 1-week placebo 
“washout,” then crossover to the other drug. Heart 
rate and blood pressure at rest and during exercise, 
anginal frequency, nitroglycerin consumption and 
treadmill exercise tolerance were assessed. 
Compared with placebo, anginal frequency and 
nitroglycerin consumption were reduced with both 
diltiazem and nifedipine (p <0.01) and exercise toler- 
ance was increased with both drugs (p <0.01). 
Standing blood pressure at rest was reduced by diltia- 
zem and nifedipine (146.6 + 11.4/97.7 + 5.3 mmHg 


Systemic hypertension and coronary artery disease 
(CAD) are common disorders; it is therefore not unex- 
pected that the prevalence of both conditions together 
is high. The incidence of these disorders concomitant- 
ly is further increased by the fact that hypertension is 
an important risk factor for CAD. Thus, single agents 
that are capable of treating both disorders, allowing 
for improved patient compliance, are of particular in- 
terest. To date, the therapeutic agents of choice in the 
management of patients with both systemic hyperten- 
sion and angina pectoris have been the 6-adrener- 
gic-blocking drugs.! In a prior placebo-controlled, 
double-blind study, verapamil was shown to be a safe 
and effective alternative to propranolol in treating 
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at placebo, baseline reduced to 129.6 + 15.2/79.5 + 
13.7 mm Hg with diltiazem, and to 122.2 + 9.9/82.0 
+ 7.1 with nifedipine, p «0.01 for both). Compared 
with placebo, diltiazem and nifedipine also reduced 
exercise diastolic blood pressure (p « 0.01), but not 
systolic blood pressure. Diltiazem lowered the heart 
rate at rest from 88.5 + 14.4 beats/min at placebo 
baseline to 79.7 + 17.9 beats/min (p <0.01); the 
heart rate with diltiazem was 11 beats/min lower than 
that with nifedipine (p <0.05). Both diltiazem and 
nifedipine had similar effects on the heart rate-blood 
pressure product at rest and during exercise. Both 
drugs were well tolerated. Thus, diltiazem and nifedi- 
pine appear equally effective and safe in patients with 
both hypertension and angina pectoris by relieving 
angina, improving exercise tolerance and reducing 
elevated blood pressure. 


(Am J Cardiol 1985;56:41H-46H) 


such patients.” Because diltiazem and nifedipine have 
also been shown to be effective in each condition when 
they occur separately;?-!? an evaluation of their effica- 
cy in patients with both conditions was in order. We 
now report the findings of a placebo-controlled, dou- 
ble-blind, randomized, crossover trial comparing the 
antihypertensive and antianginal effects of diltiazem 
and nifedipine in a group of patients with both stable 
angina pectoris and systemic hypertension. 


Methods 


Patient selection: Ten ambulatory patients (7 men and 3 
women) with stable angina pectoris and mild to moderate 
systemic hypertension were entered into the study after 
written and informed consent was obtained. The.patients 
represented a subgroup from a larger study population with 
angina pectoris. The mean patient age was 55.7 years (range 
44 to 69). The diagnosis of angina pectoris was established 
by: (1) clinical history of classic stable angina pectoris char- 
acterized by the occurrence of precordial chest pain, pres- 
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TABLE! Effects of Placebo, Nifedipine and Diltiazem on Heart Rate (HR) and Blood Pressure (BP) at Rest in Patients with 


Angina Pectoris and Hypertension 


Statistical Significance 


Placebo Placebo Nifedipine 
Baseline vs vs vs 
(Placebo) Nifedipine Diltiazem Nifedipine Diltiazem Diltiazem 
Three-minute standing HR (beats/min) 88.5 + 14.4 90.9 + 17.9 79.7 + 17.9 NS p <0.01 p «0.05 
Systolic BP (mm Hg) 146.6 + 11.4 122.2 t 9.9 129.6 + 15.2 p «0.001 p «0.01 NS 
Diastolic BP (mm Hg) 97.7 i 5.3 82.0 + 7.1 79.5 + 13.7 p «0.001 p «0.001 NS 
Rate-pressure product 
(beats/min X mm Hg X 10?) 129.8 + 22.1 111.3 + 24.2 104.3 + 30.4 p «0.01 p<0.01 NS 


NS = not significant. 


sure or distress (which had been stable for at least 3 months), 
usually precipitated by exercise or emotional stress and re- 
lieved by sublingual nitroglycerin, rest or removal of emo- 
tional stress, (2) demonstration of a positive ischemic re- 
sponse on 2 occasions to a standardized, multistage tread- 
mill exercise test, defined as anginal pain or at least 1 mm of 
. flat or downward-sloping ST-segment depression, 0.08 sec- 
. onds after the J point or (3) both 1 and 2. 

The diagnosis of CAD was made on the basis of at least 1 of 
the following: coronary angiography (75% luminal narrowing 
of at least 1 major coronary vessel) in 6 patients, and previ- 
ous myocardial infarction in 6 patients. No patient had had 
coronary artery bypass surgery. Systemic hypertension was 
documented in all patients by history and by a 3-minute 
supine diastolic blood pressure (using Korotkoff phase V) 
>90 mm Hg at the end of the placebo run-in period. 

Experimental design: During the study, patients were 
permitted sublingual nitroglycerin tablets (0.6 mg) as the 
only antianginal medication other than the test drugs. Nitro- 
glycerin tablets were used as needed to treat anginal episodes 
and were not used prophylactically. Digitalis, propranolol, 
long-acting nitrates and antiarrhythmic drugs were with- 
drawn at least 2 weeks before study entry. Patients received 
no additional antihypertensive therapy during the trial. 
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FIGURE 1. Study design: a 2-week, single-blind, placebo phase; 
double-blind randomization into diltiazem and nifedipine treatment 
groups; a 2-week dose-titration phase; followed by 1 week of maxi- 
mal therapy. After a 1-week withdrawal schedule onto placebo, 
patients were crossed over to the other treatment schedule for a 2- 
week dose-titration phase and 1 week of maximal therapy. This was 
followed by a 1-week withdrawal schedule onto placebo. Standard- 
ized multistage graded exercise (Ex) tests were performed at the 
times indicated. Study drug doses are indicated for the dose-titration 
phase. 


The blind protocol (Fig. 1) consisted of an initial 2-week, 
single-blind, placebo run-in period. During this time each 
patient received 2 placebo capsules 3 times a day, identical 
in appearance to the study medications. Patients who ful- 
filled all the inclusion criteria at the end of the second place- 
bo run-in week entered the first drug treatment phase. Dur- 
ing this phase, each patient received progressively increasing 
doses of either diltiazem (starting at 30 mg, 3 times a day, 
and increasing to 120 mg, 3 times a day) or nifedipine (start- 
ing at 10 mg, 3 times a day, and increasing to 40 mg, 3 times a 
day) as tolerated over the first 2 weeks of therapy. Patients 
were titrated to maximal dose or to appearance of adverse 
effects, and were then maintained on this dosage for an 
additional week. After the initial crossover period, the pa- 
tients were abruptly discontinued from active therapy and 
were placed on placebo for 1 week. After completion of this 
second placebo period, each patient was crossed over to the 
other medication regimen, and the 3-week treatment period, 
as well as 1-week placebo withdrawal phase, was repeated. 

Clinical observations: All patients kept a detailed daily 
record of anginal attacks and nitroglycerin tablets con- 
sumed. Supine and standing blood pressure and heart rate 
determinations were made once at the same time of the day, 
2 to 5 hours after ingestion of placebo or the experimental 
drug. In this study, normalization of blood pressure was 
defined as a standing diastolic blood pressure of «90 mm Hg 
that was also reduced by at least 10 mm from the baseline 
value. Only the analyses of weeks 2, 5 and 9, when patients 
were on their highest doses of medication, are presented. 

Exercise tolerance tests: Each patient underwent serial 
exercise tests at weeks 0, 2, 4, 5, 6, 8, 9 and 10 (Fig. 1). 
Multistage treadmill exercise testing consisted of sequential 
3-minute stages of increasing workload, speed and elevation, 
using the Naughton protocol. Tests were performed at 
approximately the same time of day and day of the week for 
each patient, when patients were in the postabsorptive 
state—approximately 2 to 5 hours after a dose. The stage at 
which each patient was started was individualized to at- 
tempt to have the patient reach exercise termination within 
3 to 6 minutes. The stage for initiation was identical for each 
exercise test performed by a patient. 

During exercise, blood pressure was measured every 3 
minutes and lead V5 was continuously monitored on an oscil- 
loscope. The endpoints of exercise were either the onset of 
angina, an ST-segment change of 24 mm in the absence of 
anginal pain, a significant decrease in systolic blood pressure 
during exercise, the development of severe ventricular dys- 
rhythmia (increased frequency of ventricular premature 
complexes), the occurrence of left bundle branch block or a 
high degree of atrioventricular block. 

Measurements of heart rate, systolic and diastolic blood 
pressure and ST-segment displacement were obtained at the 
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last minute of each stage of exercise. The electrocardiogram 
was continually assessed for the occurrence of arrhythmias, 
and the rate-pressure product (systolic blood pressure X 
heart rate) was calculated. At the endpoint of exercise, each 
test was also analyzed for the maximal heart rate, systolic 
blood pressure and rate-pressure product achieved, total 
exercise duration (seconds), ST-segment displacement 
(mm) and reason for exercise limitation. The exercise work, 
expressed in kilopondmeters (kpm), was calculated from the 
formula: work (kpm) = sina X speed (m/sec) X body weight 
(kg) X exercise time (seconds) X 10783, where a is the angle of 
inclination of the treadmill. 

Plasma drug levels: Specimens for diltiazem and nifedi- 
pine plasma levels were obtained approximately 2 to 5 hours 
after drug ingestion, just before exercise testing. Drug levels 
for diltiazem were assessed with high-pressure liquid chro- 
matography (Marion Laboratories, personal communica- 
tion); those for nifedipine, with gas chromatography (Bio- 
decision Laboratories, personal communication). 

Statistical analysis: Group data are expressed as mean + 
standard deviation in the text and tables, and as mean + 
standard error of the mean in the figures. Differences were 
analyzed by the 2-tailed t test and were considered signifi- 
cant at the p «0.05 level. 


Results 


All 10 patients who entered the study completed the 
trial and were titrated to dose levels of nifedipine, 10 
to 40 mg, 3 times a day (mean 96 mg/day) and diltia- 
zem 90 to 120 mg, 3 times a day (mean 342 mg/day). 
Mean blood levels of diltiazem at maximal doses were 
279 ng/ml (range 96 to 507) and for nifedipine, 213 
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FIGURE 2. Standing blood pressure and heart rate at rest during 
placebo, nifedipine and diltiazem therapy. Comparisons are made 
with placebo baseline. 
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ng/ml (range 58 to 351). The plasma levels were within 
the therapeutic range for both drugs. 

Effects on blood pressure and heart rate at rest: 
Results are shown in Table I and Figures 2 and 3. 
Compared with placebo, both diltiazem and nifedipine 
therapy produced significant reductions in supine and 
standing systolic and diastolic blood pressures. No 
significant differences between the antihypertensive 
effects of the 2 drugs were observed. 

Normalization of blood pressure occurred with nifed- 
ipine in 8 of 10 patients; 8 of 10 responded to diltiazem 
in similar fashion (7 responded to both drugs). One 
patient, whose placebo baseline diastolic blood pres- 
sure was 100 mm Hg, had a diastolic blood pressure of 
90 mm Hg on nifedipine (30 mg, 3 times a day) and 92 
mm Hg on diltiazem (120 mg, 3 times a day). Another 
patient, who normalized on nifedipine, responded to 
diltiazem (120 mg, 3 times a day) with a diastolic blood 
pressure drop from 106 mm Hg baseline to 90 mm Hg. 
One more patient, who normalized on diltiazem, re- 
sponded to nifedipine (40 mg, 3 times a day) with a 
diastolic blood pressure drop from 100 to 96 mm Hg on 
therapy. The patients who did not respond to active 
drug therapy had therapeutic plasma levels of the re- 
spective drugs. Overall, no correlation between plasma 
levels and blood pressure response was seen. 

Diltiazem caused a reduction in standing heart rate 
(p <0.01), but not supine heart rate. It also reduced 
the standing heart rate when compared with nifedi- 
pine (p «0.05). Nifedipine caused a small, insignifi- 
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FIGURE 3. Supine blood pressure and heart rate at rest ‘during 
placebo, nifedipine and diltiazem therapy. Comparisons are made 
with placebo baseline. 
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TABLE II Effects of Placebo, Nifedipine and Diltiazem on Anginal Symptoms, Exercise Tolerance and Exercise Variables 


Baseline 
(Placebo) Nifedipine 
Angina results l 
Attacks/week 6.8 + 3.4 2.9 + 3.6 
NTG consumption/week 4.7+4.5 0.76 + 0.8 
Stress test results 
Exercise duration (seconds) 268.2 + 90.4 530.7 + 159.2 
Exercise work (kpm/ 10?) 3.9 + 3.7 10.1+ 6.4 
ST at end-exercise (mm) 

(maximum ST deviation) 1.0 + 0.42 0.95 + 0.62 
Peak systolic BP (mm Hg) 178.2 + 18.8 167.0 + 22.0 
Peak diastolic BP (mm Hg) 99.8 + 10.2 86.0 + 10.0 
Peak heart rate (beats/min) 124.1+ 19.9 128.0 + 17 
Peak rate-pressure product 

(beats/min X mm Hg X 10?) 221.2 + 43.2 214.8 + 46.4 


NS = not significant; NTG = nitroglycerin; ST = segment depression. 


Statistical Significance 


Placebo Placebo Nifedipine 
vs vs vs 

Diltiazem Nifedipine Diltiazem Diltiazem 
1.9 x 2.1 p «0.001 p «0.01 NS 
1:3 Xd 1*9 p «0.05 NS NS 
562.8 + 170.8 p «0.01 p «0.01 NS 
10.7 + 4.8 p «0.01 p «0.01 NS 
19d 13 NS NS NS 
170.2 + 19.5 NS NS NS 
86.6 + 10.5 p «0.02 p «0.01 NS 

121.8 + 16.5 NS NS p «0.05 
209.1 + 44.2 NS NS NS 


TABLE ili Effects of Placebo, Nifedipine and Diltiazem on the Rate-Pressure Product (beats/min X mm Hg X 10?) Measured 
at Rest, Submaximal Exercise and Peak Exercise in Patients with Angina Pectoris and Hypertension 


Placebo Nifedipine 
Baseline 129.8 + 22.1 111.3 + 24.2 
After 2 minutes of exercise 200.9 + 45.5 160.7 + 29.9 
Peak 221.2 + 43.2 214.8 + 46.4 


NS = not significant. 


cant increase in standing and supine heart rate when 
compared with placebo. 

Effects on angina pectoris: These results are 
shown in Table II and Figure 4. There was a reduction 
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FIGURE 4. Weekly frequency of angina pectoris attacks (A) and 
nitroglycerin consumption (N) during placebo, nifedipine and diltiazem 
therapy. Comparisons are made with placebo baseline. NTG = nitro- 
glycerin. 


Statistical Significance 


Placebo Placebo Nifedipine 
vs vs vs 

Diltiazem Nifedipine Diltiazem Diltiazem 
104.3 + 30.4 p <0.01 p <0.01 NS 
153.8 + 27.3 p <0.01 p <0.001 NS 
209.1 + 44.2 NS NS NS 


in the number of anginal attacks per week reported in 
patient diaries with both drugs. There was no signifi- 
cant difference between drugs in the magnitude of 
improvement in angina, although nifedipine was more 
effective than diltiazem in reducing nitroglycerin con- 
sumption from placebo baseline. Plasma drug levels 
were not indicative of the degree of improvement in 
anginal frequency. 

Effects on exercise variables: The results are giv- 
en in Tables II and III and Figures 5 and 6. Significant 
increases in total exercise time and calculated exercise 
work were demonstrated with both nifedipine and dil- 
tiazem compared with placebo. There were no signifi- 
cant differences between the 2 drugs with respect to 
these variables. No differences in the maximal ST- 
segment deviation at exercise endpoint were seen 
among placebo, diltiazem and nifedipine. Plasma drug 
levels did not correlate with the degree of improve- 
ment in exercise tolerance. 

The rate-pressure product at rest was lower than 
placebo baseline with both nifedipine and diltiazem (p 
<0.01 for both). After 2 minutes of exercise, this re- 
duction in mean rate-pressure product from placebo 
was maintained with both nifedipine (p <0.01 and 
diltiazem (p <0.001), with no significant difference 
observed between the active drugs. There was an ob- 
servable blunting in the mean rate of rise of the rate- 
pressure product from rest to the 2-minute measure- 
ment in the nifedipine and diltiazem treatment 


t 


groups. At maximal exercise, there were no significant 
differences in mean rate-pressure products in the pla- 
cebo, nifedipine and diltiazem groups. Neither nifedi- 
pine nor diltiazem significantly altered the peak mean 
systolic blood pressure or the peak mean heart rate 
when compared with placebo. However, the peak 
mean heart rate was higher (p <0.05) in the nifedipine 
group compared with the diltiazem group. Peak mean 
diastolic blood pressure was maintained at a lower 
level with diltiazem (p <0.01) and nifedipine (p <0.02) 
than with placebo. 

Adverse effects: Adverse effects reported by the 
patients on each of the drugs are seen in Table IV. 
Nine of 10 patients on nifedipine and 8 of 10 patients 
on diltiazem experienced at least 1 adverse effect. 
Overall, patients taking diltiazem had less complaints. 
One patient taking diltiazem (360 mg/day) developed 
Mobitz type I block and was withdrawn from dilitia- 
zem therapy at the end of 2 weeks of active therapy. 


Discussion 


Both diltiazem and nifedipine have potent antihy- 
pertensive actions.?-? The results of this double-blind, 
placebo-controlled study suggest that the drugs are 
also effective antihypertensive agents in patients with 
both angina pectoris and hypertension. Both drugs 
significantly reduced resting systolic and diastolic 
blood pressure in the standing and supine positions. 
All patients exhibited some reduction in blood pres- 
sure; in 8 of 10 patients on each drug the blood pres- 
sure was normalized. 

One must be very careful when using arterial vaso- 
dilator drugs in hypertensive patients with angina 
pectoris, because these drugs often produce a sympa- 
thetically mediated reflex tachycardia, which may 
precipitate angina pectoris. Several studies have 
reported worsening of anginal symptoms in some pa- 
tients on nifedipine therapy,^!?-!4^ possibly related to 
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FIGURE 5. Treadmill exercise duration during placebo, nifedipine and 
diltiazem therapy. Comparisons are made with placebo baseline. 
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TABLE IV Adverse Effects Reported by Patients While 
Taking Nifedipine and Diltiazem 


Nifedipine Diltiazem 
Palpitations 3 5 
Shortness of breath 1 0 
Heart block 0 1 
Constipation 1 1 
Facial flushing 1 0 
Headache 3 2 
Dizziness 3 2 
Nervousness 4 1 
Ankle edema 4 0 
Other 8 3 
Total 28 15 


reflex tachycardia. In our study, nifedipine produced 
no major change in heart rate, perhaps explaining how 
well the drug was tolerated. Diltiazem, which is a less 
potent vasodilator than nifedipine, also has direct de- 
pressant activity on sinoatrial automaticity,!°!© and 
thus usually leaves the heart rate unchanged or de- 
creased, as was observed in this study. 

Effects on angina and exercise tolerance: Nifed- 
ipine and diltiazem are widely used in the treatment of 
patients with angina pectoris of effort.9-!0 In this 
study, both drugs were equally effective in reducing 
anginal frequency and in improving exercise tolerance 
in hypertensive patients with angina pectoris. 

The maximal rate-pressure product observed dur- 
ing exercise on both diltiazem and nifedipine therapy 
was not significantly different from that during place- 
bo. The drugs also did not reduce the level of ischemia 
at peak exercise, because similar degrees of ST-seg- 
ment depression developed on active therapy and pla- 
cebo. These observations suggest that the main phar- 
macotherapeutic action of these drugs in improving 
exercise tolerance is by reduction of myocardial oxy- 
gen consumption.!9 Therefore, the rate-pressure prod- 
ucts at submaximal levels of exercise were reduced. 
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FIGURE 6. Treadmill exercise work during placebo, nifedipine and 
diltiazem therapy. Comparisons are made with placebo baseline. 
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Adverse effects: Diltiazem appears to be a better 
tolerated drug than nifedipine, with about half the 
number of reported adverse effects. One patient devel- 
oped Mobitz type I heart block on diltiazem therapy, 
but this resolved with withdrawal of the drug. No 
other adverse effect necessitated cessation of therapy. 

Clinical implications: In this study of hyperten- 
sive patients with angina pectoris, diltiazem and ni- 
fedipine were both shown to be safe and effective ther- 
apies for reducing attacks of angina pectoris, improv- 
ing exercise tolerance and reducing elevated blood 
pressure. It is now evident that calcium channel entry- 
blockade can provide an alternative monotherapy to 
patients with both angina pectoris and systemic hy- 
pertension. Drug blood levels can be used to ensure 
compliance to treatment, but appear not to be helpful 
in predicting a clinical response. Because such pa- 
tients are often on multiple medical regimens, simpli- 
fication is often the key to improving patient compli- 


ance and, consequently, therapeutic outcome. Clinical 


experience is still needed for assessing possible inter- 
actions when calcium channel-blocking drugs are used 
with other agents commonly used in patients with 
both angina pectoris and systemic hypertension. 
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Long-Term Renal and Systemic Effects 
of Calcium Entry Blockers in Normotensive 
and Experimental Hypertensive Dogs 


BEN G. ZIMMERMAN, PhD, and JOAN L. GOERING, BA 





The effect of diltiazem administered as a sustained 
infusion (10 to 15 ug/kg/min) was studied in 3 groups 
of conscious instrumented dogs: 4 normotensive, 5 
Goldblatt hypertensive (GH) and 4 deoxycorticoste- 
rone acetate-salt treated Goldblatt hypertensive 
(DSGH) dogs. Mean arterial blood pressure, left renal 
blood flow and heart rate were monitored, and the 
plasma renin activity was determined in a control 
session and after 3 to 5 days of diltiazem infusion in 
the normotensive and after 5 to 8 days of infusion in 
the 2 hypertensive groups. Pressor and renal blood 
flow responses to phenylephrine, norepinephrine and 
angiotensin Il were also determined in the control 
session and on the last day of the diltiazem infusion. 
Mean arterial blood pressure was found to be de- 
creased at the 5 to 8-day interval in the DSGHs and in 
the GHs, but the change in the latter group was not 
Statistically significant. Mean arterial blood pressure 


Calcium entry blockers possess pharmacologic actions 
that make them potentially important agents for the 
treatment of essential hypertension. When adminis- 
tered on a long-term basis to hypertensive patients, 
nifedipine has a sustained hypotensive action; howev- 
er, early in the treatment period, it evokes reflex in- 
creases in heart rate, plasma norepinephrine and renin 
levels.! Its blood pressure-lowering effect is attribut- 
able to relaxation of vascular smooth muscle—hence 
the vasodilatation—but a secondary action appears to 
intervene, which attenuates the baroreflex-induced 
tachycardia and renin release.'? The mechanism of 
this secondary action has not been delineated. Be- 
cause of the close relatjon between the kidney and 
hypertension, the actions of calcium entry blockers on 
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was unchanged in the normotensives. Renal vascular 
resistance was decreased by diltiazem in the normo- 
tensive group at 3 to 5 days and in the DSGHs at 1 to 2 
days. Heart rate was not significantly affected by 
diltiazem in the hypertensive groups, but was in- 
creased in the normotensive group at the 1 to 2-day 
interval. Plasma renin activity tended to increase in 
the hypertensive, but not in the normotensive dogs. 
Pressor and renal blood flow responses to all the 
agonist agents tested were decreased in the presence 
of diltiazem. The hypotensive effect of diltiazem was 
more prominent in the conscious DSGHSs than in the 
normotensive dogs or GHs; a decrease in renal vascu- 
lar resistance was seen in both the normotensive and 
DSGH groups. Hypotension in these animals may be 
related at least in part to depression of vasoconstrictor 
stimuli. 

(Am J Cardiol 1985;56:47H-51H) 


renal function and hemodynamics are of particular 
interest. Recently, several renal effects of these agents 
have been uncovered; they appear to differ from those 
of classic vasodilator agents and may contribute to the 
overall usefulness of these blockers as antihyperten- 
sive agents. Systemic as well as intrarenal arterial ad- 
ministration of calcium entry blockers in short-term 
experiments have revealed a renal vasodilator action 
accompanied by increases in glomerular filtration rate 
and sodium excretion.?-? Interference with the intra- 
renal processes of tubuloglomerular feedback and renal 
blood flow autoregulation have also been demonstrat- 
ed. These effects are presumably due to the block- 
ade of the action of calcium, upon which these process- 
es may depend. Because most renal studies with the 
calcium entry blockers have been carried out for short 
time periods, little is known about the long-term renal 
effects of these agents. : 

The present investigation compared the renal he- 
modynamic and hypotensive effects of a sustained in- 
fusion of the calcium entry blocker diltiazem in nor- 
motensive and renovascular hypertensive dogs. We 





SS ee ie NA 
Seas ES véi J í 

| NEA - 

" 


also wished to determine the effects of diltiazem on 


heart rate, plasma renin activity and response to pres- 


sor agents. 


Methods 


Experiments were conducted on 8 mongrel dogs of both 
sexes, weighing 19.7 to 25.4 kg each. The animals were quar- 
antined until deemed healthy and immunized before use. 
Four normotensive and 6 Goldblatt hypertensive (GH) dogs 
were studied (Goldblatt hypertension was induced in 2 of 
the normotensive dogs). Chronic catheters (PE 50 tubing) 


were implanted in the femoral artery and vein for monitor- 


ing systemic arterial blood pressure and the intravenous 


. injection of drugs, respectively. Arterial blood samples were 


= withdrawn for plasma renin activity determination, using a 
_ previously reported radioimmunoassay technique.’ Renal 
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blood flow was measured from an implanted Zepeda blood 
flow probe (5 to 6 mm) in the left renal artery, connected toa 


_ Zepeda (SWF-4) electromagnetic flowmeter.’ Mean arterial 


blood pressure and renal blood flow were monitored in the 


. dogs while conscious and lying on a padded table. Experi- 


ments were conducted in the normotensive dogs after they 
had recovered from the surgical procedures. Two-kidney, 1- 
clip GH dogs were prepared by constriction of the right renal 
artery with an adjustable Goldblatt clamp. The clamp was 
tightened until renal blood flow was reduced by 75 to 8096 of 
the control value as measured by electromagnetic flowmetry. 
An infusion pump (Infusaid Corp.) was implanted subcuta- 
neously in the instrumented dogs in order to administer 
diltiazem chronically intravenously. A description of this 
technique was previously published.? The method of im- 
plantation (B. Wigness, unpublished observations) was as 


. follows. A 10-cm incision was made parallel to the cranial 


edge of the infraspinous fossa, usually on the left side, begin- 


ning at the dorsal boundary of the scapula. A pocket for 
accommodating the pump was achieved by blunt dissection 
between the cutaneous trunci and the latissimus dorsi mus- 


. cles. The pump was inserted and positioned between these 


muscles. Four ligatures were passed through loops on the 
pump using a surgical needle, and were tied carefully into 
the underlying muscle so as not to puncture the thorax. With 
the pump anchored into place, the catheter from the pump 
was led subcutaneously, the deep circumflex iliac or brachial 
vein was cannulated and the catheter was tied in place. 
Penicillin streptomycin (Vetycil) was injected into the pock- 
et and the skin incision was sutured closed. The pump was 
filled with sterile water before implantation, and was refilled 


. through the injection port when necessary. Water was in- 
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FIGURE 1. Mean arterial blood pressure (BP) in control period and 
during sustained infusion of diltiazem (10 to 15 ug/kg/min) in 4 
normotensive (Norm) dogs. 


fused for several days while the dog recovered from the 
implantation surgery. Infusion rates ranged from 6 to 13 
ml/day, and the capacity of the pump was 50 ml. All opera- 
tive procedures were carried out under aseptic conditions 
and penicillin streptomycin was administered on the day of 
surgery and when necessary thereafter. 

Protocol: Experiments on the conscious dogs were begun 
by monitoring mean arterial blood pressure and renal blood 
flow until stable, and heart rate was then determined either 
by counting the arterial pulse or with a cardiotachometer 
(Beckman). These parameters were recorded on a Beckman 
R511 polygraph. A single 3-ml arterial sample was with- 
drawn for determination of plasma renin activity. Mean 
arterial blood pressure and renal blood flow responses to 
consecutive intravenous injections of phenylephrine hydro- 
chloride (4 and 8 ug/kg), norepinephrine bitartrate (0.5 and 
1 ug/kg) and angiotensin II (0.0125 and 0.05 ug/kg) were 
elicited to establish control pressor and renal vasoconstric- 
tor effects. After this control experiment, the pump was 
emptied of its aqueous content with a syringe connected to a 
needle inserted into the injection port, which was palpated 
through the skin. Fifty milliliters of diltiazem solution at 
body temperature was used to prime the pump to provide a 
dose of 10 to 15 ug/kg/min throughout the period of drug 
treatment, which usually lasted 5 to 7 days. The pump was 
refilled periodically in order to provide a continuous infu- 
sion of the drug. The duration of infusion varied somewhat 
because of the few technical difficulties that developed in 
the course of the study. On the final day of drug infusion, the 
experiment with the agonist agents was repeated. This ex- 
perimental protocol was used in the normotensive dogs, in 
the GH dogs (beginning X = 27, range 11 to 67 days postclip- 
ping) and in the GH dogs given deoxycorticosterone acetate 
(DOCA)-salt (DSGHs) (5 mg DOCA and NaCl, 10 g/day). 

Drugs used were 1-norepinephrine bitartrate, 1-phenyl- 
ephrine hydrochloride, angiotensin II amide and diltiazem 
hydrochloride. Analysis of variance was performed on the 
data, using orthogonal contrasts to test for differences be- 
tween means. Values are presented as the mean or mean + 
standard error, and statistical significance was assumed at 
the level of p <0.05. 


Results 


Effect of long-term infusion of diltiazem on 
blood pressure, renal vascular resistance, heart 
rate and plasma renin activity in normotensive 
and hypertensive dogs: Diltiazem infused at 10 to 15 
ug/kg/min for 3 to 5 days in normotensive dogs pro- 
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FIGURE 2. Mean arterial blood pressure (BP) in control period and 
during sustained infusion of diltiazem (10 to 15 ug/kg/min) in 5 
Goldblatt hypertensive (Hyper) dogs. 
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TABLE! Effect of Sustained Infusion of Diltiazem (D) in Normotensive and Hypertensive 


Dogs 
MAP 

Normotensive 

Control 97 +4 0. 

D, days 1-2 100+ 4 0. 

D, days 3-5 97i 2 0. 
Hypertensive 

Control 134 + 10 0. 

D, days 1-2 123 + 5 0. 

D, days 5-8 119+6 0. 
DOCA hypertensive 

Control 133 + 7 0. 

D, days 1-2 115+ 8 0. 

D, days 5-7 17425" 0. 


* p <0.05 compared with control. 
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RVR HR PRA 
+ 0.19 712 1.28 + 0.73 
i 0.20 96 + 14 
+ 0.15* 75+5 0.80 + 0.13 
+ 0.36 79 + 10 2.03 + 0.84 
+ 0.27 11 3 2^ 
i 0.22 90+ 8 6.60 + 2.5 
+ 0.04 91+ 13 1.90 + 1.12 
+ 0.07* 94+ 10 
+ 0.07 87 +3 3.12 + 0.96* 


DOCA = deoxycorticosterone acetate; HR = heart rate (beats/min); MAP = mean arterial blood 
pressure (mm Hg); PRA = plasma renin activity (ng Al/ml/hour); RVR = renal vascular resistance (mm 


Hg/ml/min). 


duced the changes in mean arterial blood pressure and 
the other parameters presented in Figure 1 and Table 
I. Variable changes in mean arterial blood pressure 
were seen in the normotensive dogs, with a decrease 
obtained in only 1 of 4. There was, however, a signifi- 
cant decrease in renal vascular resistance after 3 to 5 
days of the diltiazem infusion. Heart rate increased in 
3 of these 4 dogs during both time intervals, but the 
change was not significant. Plasma renin activity was 
not affected by diltiazem. 

In GH dogs, diltiazem had a small effect on mean 
arterial blood pressure (Fig. 2 and Table I). At 1 to 2 
days, only 1 of 5 dogs failed to respond, and at 5 to 8 
days there was a modest decrease in mean arterial 
blood pressure in all. During diltiazem infusion, heart 
rate was significantly increased in the early interval, 
but returned to control levels at 5 to 8 days (Table I). 
Renal vascular resistance was not significantly affect- 
ed by diltiazem in GH dogs. At 5 to 8 days, plasma 


renin activity was increased in 4 of the 5 dogs, but due : 


to the variable change, the increase was not statistical- 
ly significant. 

Because diltiazem tends to increase plasma renin 
activity, and this is believed to antagonize the hypo- 
tensive effect of the drug,? we attempted to suppress 
the activity of the renin-angiotensin system in the GH 
dogs by administration of DOCA-salt. This approach 
was only partially successful because plasma renin ac- 
tivity was decreased to a negligible level in only 1 of 4 
(Table I). Nevertheless, the DSGH dogs responded 
more consistently to diltiazem than the untreated GH 
dogs (Fig. 3 and Table I). Mean arterial blood pressure 
was reduced at 1 to 2 days in 3 of the 4, and was 
decreased in all 4 dogs at 5 to 8 days of the infusion. 
The rapid reversal of the hypotensive effect of diltia- 
zem is seen in Figure 3. When the pump ran out of drug 
on day 4 of the infusion in dog no. 35, blood pressure 
promptly returned to the control level, and when the 
infusion was resumed, hypotension was reinstituted. 
Heart rate was variably affected by diltiazem in this 
group of animals, but plasma renin activity was in- 
creased significantly after 5 to 8 days of infusion. 

Effect of long-term infusion of diltiazem on ago- 
nist-induced pressor and renal blood flow re- 


sponses in normotensive and hypertensive dogs: 
Pressor (as A mm Hg) and renal blood flow responses 
(as percentage of decrease in renal blood flow) to 
phenylephrine, norepinephrine and angiotensin II in 
these groups of dogs are depicted in Figures 4 to 6. 
Responses were elicited in the control experiment and 
on the final day of diltiazem infusion (3 to 5 days in 
normal dogs and 5 to 8 days in hypertensive dogs). The 
magnitude of both the pressor and renal blood flow 
responses was similar in a given group of dogs; howev- 
er, the renal blood flow response to angiotensin II 
tended to be greater in normotensive than hyperten- 
sive dogs. This probably reflected lower plasma renin 
activity in the normotensive group, because it is well 
known that the vascoconstrictor effect of angiotensin 


II is inversely related to plasma renin activity.!0!! . 


Generally, there was a uniform depression of both the 
pressor and renal blood flow response by diltiazem; 
however, the decrease in the pressor responses was not 
statistically significant in the normotensive group. 


Discussion 


Most previous investigations of the effect of calcium 
entry blockers on blood pressure and renal function 
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FIGURE 3. Mean arterial blood pressure (BP) in control period and 

during sustained infusion of diltiazem (15 ug/kg/min) in 4 deoxycorti- 

costerone acetate (DOCA)-salt treated Goldblatt hypertensive dogs. 

Infusion ran out in dog no. 35 on day 4 (off Diltz.) and was resumed on 

day 5. 
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have dealt with their acute effects during intravenous 
or intrarenal arterial infusion.?-!? It has generally 
been found that these agents decrease mean arterial 
blood pressure and increase heart rate, renal blood 
flow, glomerular filtration rate, sodium excretion and 
plasma renin activity. The vasodilator action of these 
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FIGURE 4. A, Blood pressure (A BP mm Hg) and B, renal blood flow 
(96 A RBF) changes elicited by phenylephrine (PE), norepinephrine 
(NE) and angiotensin II (A Il) administered intravenously in normoten- 
. sive dogs before and during infusion of diltiazem (10 to 15 
ug/kg/min). 





1 00125 0.05 020125 0.05 
All 


A Dose (g/kg) 
80 
70 
60 
"» * 
-ARBF 40 
(3) * 
n * 
20 
10 
M 4 8 4 8 05 ! 05 ! 00125 005 0.0125 0.05 
. PE NE All 
B Dose (ug/kg) 


FIGURE 5. A, Blood pressure (BP) and B, renal blood flow (RBF) 
changes elicited by phenylephrine (PE), norepinephrine (NE) and 
angiotensin Il (A Il) administered intravenously in Goldblatt hyperten- 
sive dogs before and during infusion of diltiazem (15 ug/kg/min). 





agents has been considered responsible, either directly 
or indirectly, for these effects. Proportionately greater 
dilatation of the afferent than the efferent arterioles in 
the kidney would explain the increase in glomerular 
filtration rate. A selective antagonism by nisoldipine 
on the afferent arteriolar vasoconstriction caused by 
norepinephrine has also been reported.!? Because cer- 
tain calcium entry blockers, such as nifedipine and 
diltiazem, are used to treat hypertension, it is neces- 
sary to better understand their long-term influence on 
the cardiovascular system. Although the vasodilator 
action of these drugs accounts for the short-term car- 
diovascular and renal effects seen, there may be sec- 
ondary actions that come into play to bring about 
sustained hypotension, and these are less well under- 
stood. We examined the long-term effects of diltiazem 
in the present study by using an intravenous infusion 
of a relatively high dose, 10 to 15 ug/kg/min, of the 


drug for about a week. Although some of our conclu- 


sions must be tempered because of the small number 
of animals studied, there appeared to be a difference in 
the response of the normotensive and hypertensive 
dogs to the sustained effect of diltiazem. Whereas the 
normotensive dogs did not exhibit a hypotensive ef- 
fect, there was a modest though variable hypotensive 
response in both the GH and DSGH dogs. Some 
hypertensive dogs responded well while others exhi- 
bited only a slight decrease in mean arterial blood 
pressure. 

Because the plasma renin activity was increased in 
both groups of hypertensive dogs (in 8 of 9 experi- 
ments in these 2 groups), it is likely that this was a 
factor contributing to their variable hypotensive re- 
sponse. Absence of an increase in the plasma renin 
activity in the normotensive group suggests that, in 
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FIGURE 6. A, Blood pressure (BP) and B, renal blood flow (RBF) 
changes elicited by phenylephrine (PE), norepinephrine (NE) and 
angiotensin II (A Il) administered intravenously in deoxycorticosterone 
acetate (DOCA) salt treated Goldblatt hypertensive dogs before and 
during infusion of diltiazem (10 to 15 ug/kg/min). 
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GH dogs, activation of the renin angiotensin system 
may be more sensitive to decreased calcium. It is 
known that renin release can be stimulated by removal 
of calcium from the medium perfusing of the kid- 
ney;'*!5 however, the relation between calcium and 
renin release in hypertension is not well defined. As 
with other investigators, we also found an increase in 
heart rate early after initiating administration of the 
calcium entry blocker in normotensive and GH dogs. 
This transient tachycardia was presumably due to the 
baroreflex evoked by the fall in mean arterial blood 
pressure. A variable renal vasodilator response to dil- 
tiazem was obtained in 2 of the 3 groups of dogs. In the 
DSGH dogs at 1 to 2 days and in normotensive dogs at 
3 to 5 days, a significant decrease in renal vascular 
resistance was obtained during diltiazem administra- 
tion. A generalized depression of reactivity to pressor 
agents was associated with the sustained decrease in 
mean arterial blood pressure caused by diltiazem. 
There have been numerous reports of marked attenua- 
tion of the pressor and vasconstrictor response to vari- 
ous agonists in vivo and to the contractile response of 
isolated vascular preparations in vitro by calcium en- 
try blockers.16-1? These observations were made dur- 
ing short-term administration of the drug, and it has 
not been substantiated that this is also a long-term 
effect. Some claim that the response to o? adrenocep- 
tor agonists, and not o; adrenoceptor agonists, is de- 
pressed;!? however, this point is controversial. 

We also found a marked depressant effect of the 
renal vasoconstrictor response to pressor agents with 
short-term administration of diltiazem (unpublished 
observations). This depression of vascular reactivity 
appears to persist throughout the entire period of drug 
infusion as noted in the present study. In none of the 3 
groups of animals was there evidence of a differential 
effect on the pressor agents studied. There was some 
variability within the animals, but the degree of 
depression of both the pressor and renal blood flow 
response to norepinephrine, phenylephrine and angio- 
tensin II was about the same. Because these 2 adrener- 
gic amines stimulate mainly a; adrenoceptors, and 
angiotensin II acts on its own receptors, inhibition of 
the vascular contractile response owing to stimulation 
at these sites was uniformly demonstrated. We did not 
see any clear indication of a relatively selective depres- 
sion of the response to angiotensin II, as has been 
reported by others.!? However, because our series was 
small, such an effect might have been uncovered by 


increasing the number of experiments. Also, the selec- 
tivity of action of calcium entry blockers may be a 
dose-dependent phenomenon. It would appear that 
the hypotension and decrease in renal vascular resis- 
tance that we observed in the present study are closely 
related to the depressed vascular reactivity obtained 
with diltiazem. 
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The Kidney and Effective Antihypertensive Therapy 


NORMAN K. HOLLENBERG, MD, PhD 





Whether or not the kidney is involved in the genesis of 
hypertension in an individual patient, it becomes a 
major determinant of the response to antihypertensive 
therapy once a treatment strategy is adopted. The 
major mechanisms through which the kidney influ- 
ences blood pressure are renin release and sodium 
retention, either together or separately, but additional 
mechanisms may also contribute. When sodium in- 
take is restricted or a diuretic is used, the reactive 
increase in plasma renin activity makes a substantial 
contribution to limiting the blood pressure fall. When 
vasodilators or agents that block the sympathetic ner- 


Much of the strategy in designing antihypertensive 
therapy—a substantial amount of which was initially 
empirical—has involved the renal compensatory re- 
sponses to the agents, whichever drug therapy was 
selected. Direct acting arteriolar vasodilators, for ex- 
ample, have always provided an attractive approach to 
the treatment of hypertension, because in most pa- 
tients the hemodynamic defect responsible for the ele- 
vated pressure is an increase in peripheral resistance, 
at least partly mediated by vasoconstriction.! The use 
of nonspecific vasodilators has largely been limited by 
activation of compensatory systems,? including a 
prominent renal response that involves both retention 
of sodium and increase in renin release. This article 
will focus on some of the more practical implications of 
our increased understanding of the kidney's role in 
sustaining hypertension, however it is initiated.? A 
review of the functional abnormalities involving the 
renal blood supply in essential hypertension, ^ !? the 
role of newer pharmacologic agents in therapy??-!? 
and the nature and extent of the reactive responses 
that often limit the effectiveness of therapeutic 
agents?5.12.14-16 js necessary to achieve this goal. 
Investigators studying hypertension have several 
reasons for their long-standing interest in the renal 
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vous system are used, sodium retention plays an 
important role. Among newer agents, the effective- 
ness of calcium channel blockers, converting enzyme 
inhibitors and perhaps dopamine analogs reflects, for 
reasons that differ from 1 class of agent to another, a 
special action on the kidney that limits the reactive 
renal response to the reduction in blood pressure. 
Treatment strategies that address the problem of the 
renal response are more likely to be effective than 
approaches that avoid or ignore it. 


(Am J Cardiol 1985;56:52H-55H) 


blood supply as it affects glomerular filtration rate 
(GFR), sodium handling by the kidney and renal renin 
release. First, a reduction in renal blood flow due to 
renal artery stenosis is the most common curable form 
of secondary hypertension and is still believed by 
many investigators to contribute in some patients to 
the pathogenesis of essential hypertension. Second, 
whatever factors initiate the hypertension process in 
an individual patient, it is becoming evident that a 
renal response must be involved in order to sustain the 
elevated blood pressure.? Third, it is also becoming 
clear that the effectiveness of antihypertensive thera- 
py, whatever agent is used, is determined to a substan- 
tial degree by the renal response. Finally, the con- 
tinuing damage to the renal microvasculature by 
uncontrolled severe hypertension previously accounted 
for one of the major complications—uremia. The 
sharp reduction in the frequency of this complication 
is one of the triumphs of modern antihypertensive 
therapy. 

A decrease in renal perfusion is common in essential 
hypertension; recent estimates suggest that about 
two-thirds of patients with essential hypertension 
have an inappropriately decreased renal blood flow.’ 
Multiple lines of evidence now suggest that a function- 
al disturbance—active vasoconstriction—plays a role 
in the abnormal renal perfusion and GFR in patients 
with essential hypertension. Renal perfusion varies in 
a moment-to-moment fashion much more in patients 
with essential hypertension than in normal subjects, 


an abnormality that must be due to active vasocon- 
striction.’ Renal vasomotion is also increased in essen- 
tial hypertension. Moreover, when nonspecific vaso- 


dilators such as acetylcholine are administered into: 


the renal artery, renal blood flow increases much more 
strikingly in patients with essential hypertension than 
in normal subjects.* With this potentiated renal vascu- 
lar response, abnormalities in the renal arteriogram 
are reversed, often completely, by the vasodilators. 

To the extent that such a functional abnormality 
involving the renal blood supply plays a role in the 
individual patient, one might anticipate that suitable 
doses of an appropriate vasodilator agent would re- 
verse these abnormalities and thus improve renal per- 
fusion and filtration rate. The renal response to thera- 
py is conditioned to a major degree by both the relative 
influence of the fall in blood pressure and the direct 
and indirect effects of the therapeutic agent on the 
kidney. 

Restriction of sodium intake is the simplest avail- 
able therapeutic approach to hypertension. This ma- 
neuver reduces renal blood flow and GFR in animals 
and in man. The evidence is unequivocal that angio- 
tensin-induced renal vasoconstriction, consequent to 
the reactive increase in renin release, accounts entirely 
for renal vasoconstriction.®!" There is now clear evi- 
dence that when diuretics are used as therapy, the 
reactive increase in plasma renin activity limits the 
fall in blood pressure.!! Thus, it is reasonable to con- 
clude that the decrease in renal blood flow and GFR 
induced by a diuretic is also angiotensin-mediated. 

Because activation of the renin-angiotensin system 
plays such a central role in limiting the response to 
restriction of sodium intake and diuretics, it was rea- 
sonable to suspect that the addition of a B-adrenergic 
blocking agent—many of which block renin release 
when it is mediated by 6-adrenergic receptors in the 
juxtaglomerular apparatus—would reverse the impact 
of restriction of sodium intake and diuretics on the 
kidney.” Unfortunately, propranolol, the most widely 
used and studied 8-adrenergic blocking agent, directly 
induces renal vasoconstriction, apparently through an 
action on an a-adrenergic receptor in the kidney.!? A 
propranolol-induced decrease in renal blood flow, with 
a parallel reduction in GFR, sodium retention and a 
reduced ability to handle sodium load, has also been 
well documented in man.!? Although this renal re- 
sponse could be due to a decrease in cardiac output 
induced by the negative inotropic and chronotropic 
actions of these agents on the heart, it actually occurs 
with doses insufficient to influence cardiac output.!? A 
similar renal response has been documented for a wide 
variety of 8-adrenergic blocking agents including ox- 
prenolol, pindolol, acebutolol, atenolol and dichloro- 
isoproterenol.? f 

Renal vasoconstriction, however, is not an inevita- 
ble result of -adrenergic blockade. Nadolol, a long- 
acting hydrophilic -adrenergic blocking agent, in- 
duces a dose-related increase in renal blood flow over 
the dose range at which it decreases heart rate and 
thus cardiac output in man.!° As opposed to the pro- 
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pranolol-induced decrease in sodium excretion, anti- 
natriuresis did not occur with nadolol in the dog; in- 
deed, nadolol increased sodium excretion (K. Duchin, 
unpublished observations). The clinical implication of 
this observation may be the remarkable frequency 
with which nadolol achieves goal blood pressure.” The 
Veterans Administration Cooperative Study Group 
reported that 77% of a large group of white subjects 
with mild to moderate essential hypertension 
achieved goal blood pressure with nadolol,?? substan- 
tially more than achieved good blood pressure in a 
parallel study by the same Study Group on responses 
to other 8 blockers.!3 

What impact do the “nonspecific” vasodilators have 
on the kidney? This general class includes hydral- 
azine, minoxidil, diazoxide, sodium nitroprusside and, 
in part, trimethapan.!516 The spectrum of their renal 
response is wide, but certain features are common to 
all. Despite the range of direct actions on the renal 
blood supply, sodium retention—often striking—oc- 
curs with all!516 and is the factor that limits their 
therapeutic efficacy.!^ The mechanism of the sodium 
retention has not yet been clearly delineated, but it is 
evident that the systemic response, especially the drop 
in blood pressure, plays an important role. For exam- 
ple, diazoxide is a potent renal vasodilator when in- 
fused into the renal artery, and this vasodilatation is 
accompanied by a striking natriuresis.2! When the 
agent is given intravenously, however, an equally 
striking antinatriuresis occurs—presumably because 
of the blood pressure fall.9:!7:2° 

The impact of these agents on renal blood supply 
and renal sodium handling when given systemically 
varies widely among individual patients, from a net 
increase to a net decrease in renal blood flow. Howev- 
er, antinatriuresis with sodium retention and, typical- 
ly, a decrease in GFR occur, with even the most potent 
direct renal vasodilators in the series—hydralazine, 
diazoxide and minoxidil.!4-!®.22,23 Thus, to date, selec- 
tion of nonspecific vasodilators for the vasodilator ac- 
tion on the kidney has not spared the patient the 
negative renal influence of these agents. 

Three new classes of agents have been developed 
that may have special implications for the kidney: 
calcium entry—blocking agents, converting enzyme in- 
hibitors and dopamine analogs. Claims have been 
made that vasodilatation induced by calcium entry- 
blocking agents may be associated with less sodium 
retention.”+2° However, rigorous evidence is not yet 
available, and the question remains controversial be- 
cause the reports have involved small numbers of pa- 
tients treated for a relatively short time. Calcium en- 
try-blocking agents do provide an attractive potential. 
Diltiazem, 1 of the 3 calcium entry-blocking agents 
currently marketed in the United States, appears to 
have a special action on the renal blood supply, favor- 
ing a sustained or increased GFR and natriuresis de- 
spite the fall in arterial blood pressure.?9?7 The in- 
triguing observation that normotensive offspring of 
hypertensive parents often show a potentiated renal 
vascular response to diltiazem?? raises the interesting 
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possibility of a special renal action of this agent in 
essential hypertension. 

The development of converting enzyme inhibitors 
provides a new approach to therapy and new tools for 
examining the underlying mechanisms of this disor- 
der.?? These agents are often effective even in severe 
hypertension, which has been resistant to standard 
triple therapy with a diuretic, hydralazine and a £- 
adrenergic blocking agent.!? Recent studies suggest 
that this class of agents will exert an especially useful 
action on the kidney.?? In patients with essential hy- 
pertension, the nonapeptide SQ 20881 induced a po- 
tentiated increase in renal blood flow? that was twice 
the increase in blood flow induced in normal subjects, 
despite a larger fall in blood pressure. Also, despite the 
fall in arterial blood pressure, SQ 20881 often induced 
an increase in GFR and, with it, natriuresis.? More 
recent studies performed with the orally effective ana- 
logs, captopril and enalapril, have shown a similar 
influence; the essential hypertensive patient enjoys a 
larger renal blood flow response and, despite the fall in 
arterial blood pressure, a well-maintained GFR.?!?? 
Perhaps their influence on the kidney accounts for this 
class of agents' remarkable, often sustained impact on 
hypertension even in patients in whom traditional 
therapy has been ineffective. 

The dopamine analogs, which are striking renal va- 
sodilators in animal models,?? have undergone too lit- 
tle study in man to allow any conclusion about their 
therapeutic potential. 

What is the influence of antihypertensive agents on 
progression of renal microvascular abnormality to ad- 
. vanced nephrosclerosis and renal failure in hyperten- 
. sion? The impact of these agents is most evident when 
they are assessed in the treatment of severe hyperten- 
sion already complicated by some degree of renal in- 
sufficiency. Three studies published in the past de- 
cade provide some insight and a relatively hopeful 
answer.??-?? The 80 patients in the 3 studies were 
treated aggressively for prolonged periods. In each 
case, therapy for hypertension initially appeared to 
aggravate the already compromised renal function; 
however, with time and persistent lowering of the ele- 
vated arterial blood pressure, renal function usually 
improved, sometimes dramatically. In each study, a 
diuretic was used to reverse the sodium retention in- 
duced by dilators, and active vasodilators, especially 
hydralazine, methyldopa and oral diazoxide that were 
used for blood pressure control. In this population, in 
whom renal failure was the common mode of death—a 
1-year mortality rate routinely exceeded 80% and was 
generally due to uremia—a striking improvement in 
natural history was obtained. One-year survival in the 
3 series was 55, 76 and 80%—with stable or even im- 
proving renal excretory function.??-? Whether the 
newer vasodilators, calcium entry-blocking agents, 
converting enzyme inhibitors or dopamine analogs will 
produce ,an even more marked influence on natural 
history and renal function is not yet known. 

In summary, the agents available to us for the treat- 
ment of hypertension have improved dramatically in 
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the past decade and are likely to continue to improve 
over the next decade.?9 We have the luxury of being 
able to select our therapeutic objectives for the first 
time. Among the characteristics of new agents that are 
likely to be important, a salutary action on the kidney 
is high on the list. 
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Calcium Entry Blockers: Antihypertensive 
and Natriuretic Effects in Experimental Animals 


TAKU NAGAO, PhD, ISAO YAMAGUCHI, BS, HIROSHI NARITA, PhD, 
and HIROMICHI NAKAJIMA, PhD 


Hypotensive and natriuretic effects of calcium entry 
blockers were studied in spontaneously hypertensive 
rats (SHRs) and normotensive Wistar Kyoto rats 
(WKYs). In SHRs, the hypotensive action of diltiazem 
was enhanced, while that of hydralazine was not 
different from its action in WKYs. Diltiazem, unlike 
hydralazine and nifedipine, did not cause reflex tachy- 
cardia in rats. Diltiazem and nifedipine caused an 
increase in urine volume and sodium excretion. The 
natriuretic potency of diltiazem was the same in both 
SHRs and WKYs and was not affected by pretreat- 
ment with indomethacin. Diltiazem increased plasma 
renin activity but had no influence on plasma aldoste- 
rone concentration. Hydralazine increased both plas- 
ma renin activity and plasma aldosterone concentra- 
tion and decreased sodium excretion. 

In anesthetized dogs, diltiazem increased sodium 
excretion, glomerular filtration rate and renal blood 


Calcium entry blockers were developed mainly as an- 
tianginal agents and recently have been established as 
useful antihypertensive agents. 

Reflex tachycardia and sodium retention are the 
main adverse effects of antihypertensive vasodilators 
such as hydralazine and minoxidil.'- With this in 
mind, several studies have examined the effects of 
various calcium entry blockers on renal function.’ 
When administered directly into the renal artery of 
anesthetized dogs, calcium entry blockers produced 
increases in urine volume and urinary excretion of 
sodium. However, the effect on the glomerular filtra- 
tion rate (GFR) differed among calcium entry 
blockers. 

Diltiazem, a typical calcium entry blocker, was given 
the code number CRD-401 in its early stage of devel- 
opment. C, R and D represented the coronary, renal 
and dextro isomer components of the compound, re- 
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flow. Diltiazem may have a direct effect on tubular 
sodium reabsorption. This assumption was supported 
by a study with short-circuit current of the isolated 
bullfrog bladder. It is likely that diltiazem's effect of 
increasing urine volume and sodium excretion is due 
mainly to changes in renal hemodynamics and partly 
to direct action on renal tubules. Diltiazem opposed 
angiotensin Il-induced responses, such as renal vaso- 
constriction and reduction of glomerular filtration rate. 
Under this condition, a marked natriuretic effect was 
observed with both intravenous and intraarterial ad- 
ministration of diltiazem. The ability to increase uri- 
nary excretion of sodium is a desirable characteristic 
for an antihypertensive agent. Calcium entry blockers 
have this ability and are therefore able to act without 
causing sodium and water retention. 


(Am J Cardiol 1985;56:56H-61H) 


spectively. In other words, the vasodilating action of 
the renal artery along with that of the coronary artery 
was noticed in the very early stages of development. 

This article reports the antihypertensive and natri- 
uretic effects of diltiazem in spontaneously hyperten- 
sive rats (SHRs) and its renal effects in anesthetized 
dogs. 


Hypotensive Effects 
in Spontaneously Hypertensive Rats 


Figure 1 shows the effects of diltiazem, hydralazine 
and nifedipine on blood pressure and heart rate in 
SHRs after oral administration. Blood pressure was 
measured by the tail-cuff method. As shown, all the 
drugs produced dose-dependent hypotensive actions. 
It is noteworthy, however, that hydralazine and nifedi- 
pine caused a marked increase in heart rate, whereas 
diltiazem showed a dose-related decrease. 

In SHRs, a much higher dose of diltiazem than nifed- 
ipine was required to produce hypotension. However, 
in Grollman type 1-kidney renal hypertensive dogs, 
both drugs—orally and at the same doses (1 to 4 
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mg/kg)—caused hypotension to a similar extent.5 The 
difference in the hypotensive doses of diltiazem be- 
tween rats and dogs is considered to be due mainly to a 
difference in the metabolic pathway between the 2 
animal species.?!? As shown in Figure 1, tachycardia 
induced by nifedipine was more marked than that 
caused by diltiazem. This indicates that reflex tachy- 
cardia is not a common feature of calcium entry 
blockers. 

Figure 2 shows hypotensive actions of diltiazem and 
hydralazine in SHRs and normotensive Wistar Kyoto 
rats (WKYs) after oral administration. When changes 
in systolic blood pressure were expressed as percent- 
ages, hypotensive actions of hydralazine in SHRs did 
not significantly differ from those in WKYs. However, 
diltiazem showed a significantly stronger hypotensive 
action in SHRs than in WKYs.!.? The enhanced hy- 
potensive action of diltiazem on hypertensive animals 
compared with normotensive control rats was also re- 
ported in deoxycorticosterone acetate-saline hyper- 
tensive rats!-!? and in renal hypertensive rats.!? Simi- 
lar results were reported with nifedipine.!4 Therefore, 
hypotensive action seems to be a common characteris- 
tic of calcium entry blockers. 


Natriuretic Effects in Spontaneously 
Hypertensive Rats and Wystar Kyoto Rats 


Figure 3 shows the effects of diltiazem, hydralazine 
and nifedipine on urine volume and urinary excretion 
of sodium in SHRs. At doses causing a similar hypo- 
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FIGURE 1. Effects of diltiazem (DIL), hydralazine (HYD) and nifedipine 
(NIF) on systolic blood pressure and heart rate in spontaneously 
hypertensive rats 1 hour after oral administration. Seventeen to 
22-week-old male rats were used. Each column and vertical bar 
represent the mean + standard error of 4 or 6 experiments. C = 
control. 
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tensive action, diltiazem and nifedipine increased 
urine volume and sodium excretion in a dose-related 
manner. In contrast, hydralazine at a higher dose 
slightly increased urine volume but significantly de- 
creased sodium excretion. This suggests that calcium 
entry blockers have different effects on renal function 
than those of such antihypertensive vasodilators as 
hydralazine. 

We also examined the influences of orally adminis- 
tered diltiazem and hydralazine on plasma renin activ- 
ity and plasma aldosterone concentration in SHRs. An 
arterial cannula was implanted in SHRs for blood 
sampling. Thirty minutes after drug administration, 
arterial blood was withdrawn from conscious subjects. 
Plasma renin activity and plasma aldosterone concen- 
tration were measured by radioimmunoassay. Hydral- 
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FIGURE 2. Hypotensive actions of diltiazem and hydralazine in spon- 
taneously hypertensive rats (SHRs) and Wistar Kyoto rats (WKYs) 1 
hour after oral administration. Each column and vertical bar represent 
the mean + standard error of 4 to 6 experiments. Significance = 
compared with the corresponding values of WKYs. 
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FIGURE 3. Effect of diltiazem (DIL), hydralazine (HYD) and nifedipine 
(NIF) on urine volume (UV) and urinary excretion of sodium (UyaV) in 
saline-loaded spontaneously hypertensive rat. Physiologic saline (2.5 
ml/ 100 g, body weight) was loaded twice at a 1-hour interval; urine 
was collected for 5 hours. 
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azine was shown to increase both plasma renin activity 
and aldosterone concentration; in contrast, diltiazem 
increased plasma renin activity without changing al- 
dosterone concentration (Fig. 4). 

No increase in plasma aldosterone concentration 
was reported with other calcium entry blockers.!? In in 
vitro experiments, calcium entry blockers have been 
shown to inhibit angiotensin II-induced aldosterone 
release./6-15 This may explain why calcium entry 
blockers produce no increase in plasma aldosterone 
concentration in conscious SHRs. In contrast, hydral- 
azine increases plasma aldosterone concentration and 
may result in sodium retention. 

In addition to the natriuretic effect of diltiazem 
after a single oral dose, we examined the effect of long- 
term treatment with diltiazem on body fluid distribu- 
tion and plasma sodium concentration in SHRs.!” 
Long-term administration of diltiazem (30 mg/kg day 
for 8 weeks) to young SHRs suppressed blood pressure 
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FIGURE 4. Influence of orally administered diltiazem (DIL) and hydral- 
azine (HYD) on plasma renin activity (PRA) and plasma aldosterone 
concentration (PAC) in conscious spontaneously hypertensive rats. 
Each column and vertical bar represent the mean + standard error of 
the 5 to 6 experiments. 
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significantly during the development and at the pla- 
teau levels of hypertension, and caused no changes in 
body fluid distribution and plasma sodium concentra- 
tion. These results are comparable with previous find- 
ings: diltiazem does not increase plasma aldosterone 
concentration, and it produces a natriuretic effect. 


Mechanism of the Natriuretic Effect 


The natriuretic effect of diltiazem was also exam- 
ined in WKYs. Figure 5 shows that oral diltiazem, 60 
mg/kg, produced marked increases in urine volume 
and urinary excretion of sodium. These effects of dil- 
tiazem in WK Ys were as potent as its effects in SHRs. 
On the other hand, as shown in Figure 2, the diltiazem- 
induced hypotensive action was more potent in SHRs 
than in WKYs, and thus renal hemodynamics could be 
affected markedly in SHRs. Therefore, the natriuretic 
effect of diltiazem cannot be explained entirely by 
renal hemodynamic effects. 

As shown in Figure 5, indomethacin did not affect 
the diltiazem-induced natriuretic effect in WKYs. 
Urinary prostaglandin E» excretion was significantly 
increased with the increase in urine volume as mea- 
sured by radioimmunoassay. Even under conditions in 
which the excretion of prostaglandin E; was complete- 
ly suppressed by pretreatment with oral indometha- 
cin, 10 mg/kg, the increasing effects of diltiazem on 
urine volume and sodium excretion were not influ- 
enced. These results suggest that prostaglandin is not 
involved in the natriuretic effect of diltiazem. 

In anesthetized dogs, renal function was studied by 
the clearance method under mild saline loading, and 
renal blood flow was measured by an electromagnetic 
flowmeter. When diltiazem was infused into the renal 
artery at a rate of 10 to 30 ug/kg/min, renal blood flow, 
GFR, urine volume and sodium excretion increased 
markedly. Thus the natriuretic effect of diltiazem 
may be caused by changes in renal hemodynamics and 
an increase in GFR. When the renal blood flow was 
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FIGURE 5. Natriuretic effect of diltia- 
zem (DIL) in saline-loaded Wystar 
Kyoto rats in the presence and ab- 
sence of indomethacin (IND.) Indo- 
methacin was administered together 
with saline loading. Conditions of sa- 
line loading and urine collection were 
the same as those in Figure 3. Each 
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kept constant with an aortic clamp during diltiazem 
infusion, sodium excretion was significantly increased 
but no change was observed in GFR and para-amino- 
hippuric acid clearance.? The stopflow experiment un- 
der osmotic diuresis demonstrated that the sodium 
concentration of tubular fluid was elevated by diltia- 
zem over the region corresponding to the distal seg- 
ment of the nephron,’ indicating that diltiazem sup- 
pressed the sodium reabsorption in the distal nephron. 
A similar result was also obtained by Abe et al.!9 
Tsuchiya et al? studied the microautoradiographic 
distribution of carbon-14-labeled diltiazem in the dog 
kidney after renal arterial injection. They showed def- 
inite accumulation of radioactivity in the distal tu- 
bules that are involved in sodium transport. These 
results suggest that diltiazem-induced natriuresis is, 
at least in part, due to its direct action on renal tubules 
as well as to changes in the renal hemodynamics. 

In the isolated bullfrog (Rana catesbeiana) urinary 
bladder, which is a model for the distal tubule, we 
assessed sodium transport by measuring short-circuit 
current using the method of Ussing and Zerahn?! (Fig. 
6). Diltiazem suppressed short-circuit current when 
applied to the serosal side. A weak but definite inhibi- 
tion was observed when it was applied to the mucosal 
side. In this aspect, diltiazem contrasts with diuretics: 
hydrochlorothiazide and furosemide act selectively 
from the mucosal side, and ethacrynic acid acts selec- 
tively from the serosal side. These results support the 
hypothesis that the natriuretic effect of diltiazem is 
due to an inhibition of sodium reabsorption along the 
distal tubule as well. 

Verapamil has been shown not to increase the GFR 
but is suggested to have a direct action on the renal 
tubule.^?? Inhibition by verapamil of short-circuit cur- 
rent has also been reported.?? The natriuretic effect of 
nicardipine is explained by changes in renal hemody- 
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FIGURE 6. Effects of diuretics and diltiazem on the short-circuit 
current across the isolated bullfrog bladder. A SCC = change in 
short-circuit current; HCT = hydrochlorothiazide; W = wash. Each 
point represents: for diuretics, the mean of 3 experiments; for diltia- 
zem, 1.7 X 10^? M, the mean of 9 experiments; for diltiazem, 1.7 X 
1074 M (mucosal), the mean of 6 experiments; for diltiazem, 1.7 X 
1074 M (serosal), the mean of 8 experiments. Cord conductance was 
not changed for application of diltiazem or diuretics. * p «0.05, ** p 
«0.01 versus preadministration level. 


namics and an increase in GFR.9 Recently, the calcium 
entry blocker felodipine has been shown to inhibit 
sodium reabsorption at distal tubules using the micro- 
puncture method in rats.’ 


Interaction with Angiotensin II 


In anesthetized dogs, the vasodilating effect of dil- 
tiazem on renal vasculature when constricted by an- 
giotensin II was more marked than when it was con- 
stricted by epinephrine.? Figure 7 shows the effect of 
intravenous administration of diltiazem on renal 
blood flow, urine volume and urinary excretion of elec- 
trolytes in anesthetized dogs with and without angio- 
tensin II loading. Under the angiotensin II-unloaded 
condition, diltiazem tended to increase urine volume 
and sodium excretion when administered intrave- 
nously to dogs. However, diltiazem produced marked 
increases in urine volume and sodium excretion under 
the angiotensin II-loaded condition in which renal vas- 
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FIGURE 7. Effect of diltiazem on renal hemodynamics and urinary 
excretion of water and sodium in the absence and presence of 
angiotensin Il loading in anesthetized dogs. Angiotensin Il was infused 
intravenously at the dose of 0.25 ug/kg/min. Diltiazem was adminis- 
tered after urine flow became constant. BP = blood pressure; RBF = 
renal blood flow; UV = urinary volume; Uy,V = urinary sodium 
excretion. Each column and vertical bar represent the mean + stan- 
dard error of 6 experiments. Blood pressure and renal blood flow are 
depicted as mean changes. Urine volume and urinary sodium excre- 
tion were determined by collecting urine for 10 minutes. ** p <0.01 
versus control. 
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cular resistance was doubled. The effect of diltiazem 
by intraarterial infusion on renal function was then 
studied using the clearance method. As shown in Fig- 
ure 8, angiotensin II caused marked decreases in renal 
blood flow and GFR. Diltiazem caused increases in 
renal blood flow and GFR to levels higher than those 
before angiotensin II loading, and urine volume and 
sodium excretion were increased remarkably. In short, 
diltiazem noticeably improved renal function under 
conditions in which renal vascular resistance was ele- 
vated by angiotensin II. 

Recently, glomerular mesangial cells have been 
studied as angiotensin II receptors regulating 
GFR.?5-?? Diltiazem inhibited contraction induced by 
angiotensin II in cultured mesangial cells.?? As men- 
tioned previously, diltiazem showed inhibitory effects 
on angiotensin II-induced responses in the renal vas- 
cular bed as well as reduction of GFR. It is possible 
that the increase in GFR by diltiazem results from the 
reduction of angiotensin II-induced contractions of 
renal vasculature and/or mesangial cells. 

In summary, hypotensive and natriuretic effects of 
calcium entry blockers were studied in SHRs and 
WKYs. The hypotensive effects of diltiazem were 
more pronounced in SHRs than in WKYs, while hy- 
dralazine showed almost the same hypotensive activi- 
ty in the 2 groups. This enhanced hypotensive action 
on hypertensive animals seems to be a common fea- 
ture of calcium entry blockers. Diltiazem, unlike nifed- 
ipine or hydralazine, did not cause reflex tachycardia 
in either strain. In addition, diltiazem had no influ- 
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FIGURE 8. Effect of diltiazem on renal function in the absence and 
presence of angiotensin Il loading in anesthetized dogs. Na — sodium; 
UV = urinary volume; GFR = glomerular filtration rate (insulin clear- 
ance); RPF - renal plasma flow (p-aminohippuric acid clearance); 
RBF = renal blood flow. Each column and vertical bar represent the 
mean + standard error of 6 experiments. * p «0.05, ** p «0.01 
versus before. 
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ence on plasma aldosterone concentration, although 
plasma renin activity was increased by the compound. 
On the other hand, both diltiazem and nifedipine at 
the same hypotensive doses increased urine volume 
and urinary excretion of sodium. The natriuretic ef- 
fect of diltiazem was not affected by indomethacin, 
suggesting that prostaglandin is not involved in the 
natriuretic action of diltiazem. It was also found that 
long-term administration of diltiazem to young SHRs 
caused no change in body fluid distribution and plas- 
ma sodium concentration. In contrast to the effects of 
diltiazem, hydralazine decreased urinary sodium 
excretion and increased plasma aldosterone concen- 
tration. Plasma renin activity was also increased by 
hydralazine. It was shown that diltiazem is an antihy- 
pertensive agent with an enchanced hypotensive ac- 
tion in hypertensive subjects and does not cause 
tachycardia and sodium retention. Unlike hy- 
dralazine, diltiazem may not be associated with a de- 
crease in antihypertensive activity during long-term 
treatment. 

The effect of diltiazem on renal function was stud- 
ied in anesthetized dogs. Diltiazem by intraarterial 
administration increased sodium excretion, GFR and 
renal blood flow. Therefore, changes in renal hemody- 
namics were likely to be responsible for the natriuretic 
effect of diltiazem. However, aortic clamp and stop- 
flow experiments suggested that diltiazem suppressed 
sodium reabsorption in the distal part of the nephron. 
The effect was supported by a study on short-circuit 
current applied to an isolated bladder preparation. It 
can be said that diltiazem’s effect of increasing urine 
volume and urinary sodium excretion is due mainly to 
renal hemodynamics and partly to direct action on 
renal tubules. Diltiazem opposed angiotensin Il-in- 
duced responses, such as renal vasoconstriction and 
reduction of GFR. In addition, under angiotensin II- 
loaded conditions, a remarkable natriuretic effect was 
observed after intravenous and intraarterial adminis- 
tration of diltiazem. This suggests that diltiazem im- 
proves renal hypofunction with an increase of mesan- 
gial cells. It also suggests that diltiazem is useful for 
the treatment of hypertension with increased renal 
vascular resistance. 

Calcium entry blockers generally showed enhanced 
hypotensive effect in the hypertensive state, but in- 
duction of reflex tachycardia is not a common feature. 
The ability of calcium entry blockers to increase uri- 
nary excretion of sodium is a desirable characteristic 
for an antihypertensive agent. However, to what ex- 
tent these natriuretic properties are involved in the 
antihypertensive effects should be examined for each 
calcium entry blocker. 
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Effects of Calcium Entry Blockers 
on Renin-Angiotensin-Aldosterone System, 
Renal Function and Hemodynamics, 
Salt and Water Excretion and Body Fluid Composition 


JOHN H. BAUER, MD, SOBHA SUNDERRAJAN, MD, and GARRY REAMS, MD 


The renal effects of the calcium entry -blocking drugs 
diltiazem, nifedipine, verapamil and nitrendipine are 
reviewed. Although nifedipine stimulates plasma renin 
activity on a short-term basis, none of the calcium 
entry blockers produces a clinically significant sus- 
tained effect on any of the components of the renin- 
angiotensin-aldosterone system. Although all of the 
calcium entry blockers effectively lower blood pres- 
sure, none adversely affects renal function; glomeru- 
lar filtration rate and effective renal plasma flow are 
maintained. Diltiazem may increase glomerular filtra- 
tion rate via attenuation of the intrarenal effects of 


Although the calcium entry blockers were initially 
characterized by their pharmacologic ability to pro- 
duce coronary vasodilation with myocardial depres- 
sion, it has become clear that the individual members 
of this family of drugs differ not only in their pharma- 
cokinetic properties, but also in their pharmacody- 
namic effects. Specifically, individual calcium entry 
blockers differ in regard to their effects on the myocar- 
dium (pacemaker activity, atrioventricular conduc- 
tion, myocardial contractility), excitation-contraction 
coupling of smooth muscle (coronary, renal and pe- 
ripheral vasculature) and stimulus-secretion coupling 
(juxtaglomerular cell renin secretion). 

A large number of calcium entry-blocking drugs are 
currently undergoing clinical investigation, but only 4 
drugs—diltiazem, nifedipine, verapamil and nitrendi- 
pine—have been studied sufficiently to permit some 
clinical individuation of their renal effects. Each of 
these 4 calcium entry-blocking drugs will be reviewed 
in terms of its known effects, both short- (response to 
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angiotensin Il or norepinephrine. Although diltiazem 
and nifedipine increase salt and water excretion on a 
short-term basis, none of the calcium entry blockers 
produces a Clinically significant sustained effect on 
salt and water excretion; serum electrolytes, urinary 
sodium and potassium excretion, body fluid composi- 
tion and body weight are unchanged. Thus, calcium 
entry blockers can be expected to assume a promi- 
nent role in the treatment of hypertension because of 
their ability to lower blood pressure while preserving 
renal perfusion and function. 

(Am J Cardiol 1985;56:62H-67H) 


an initial dose) and long-term, on the renin-angioten- 
sin-aldosterone system, renal function and hemody- 
namics, salt and water excretion and body fluid com- 
position. 


Renin-Angiotensin-Aldosterone System (Table I) 


Diltiazem: Neither the intravenous administration 
of diltiazem nor its short-term oral administration (60 
to 90 mg) produces a significant effect on recumbent 
plasma renin activity.'-? Long-term oral therapy (180 
to 360 mg/day for 8 weeks) also has no consistent effect 
on recumbent plasma renin activity.?-4 It is presumed 
that diltiazem has no effect on the circulating level of 
angiotensin II; however, the systemic vasoconstricting 
action of exogenously administered angiotensin II is 
significantly suppressed by the concurrent infusion of 
diltiazem.! °° The intravenous administration of dil- 
tiazem produces no significant effect on recumbent 
plasma aldosterone concentration.! We have observed 
that long-term oral diltiazem therapy (240 to 480 
mg/day administered for 8 weeks to 17 hypertensive 
patients) has no significant effect on recumbent plas- 
ma aldosterone concentration: plasma aldosterone 
concentration was 6.2 ng/dl after both placebo and 
diltiazem therapy. 


TABLE! Effects of Calcium Entry-Blocking Agents on the Renin-Angiotensin- 





Aldosterone System 
PRA Angiotensin II Aldosterone Vascular Reactivity All 

Short-term 

Diltiazem No A No A No A Attenuation 

Nifedipine t t No A Attenuation 

Verapamil No A P ata Attenuation 

Nitrendipine No A "AE 
Long-term 

Diltiazem No A No A i dcs 

Nifedipine No A No A No A 

Verapamil No A No A at 

Nitrendipine No A No A No A 


Aldosterone = plasma aldosterone concentration; angiotensin Il = plasma angiotensin Il concentra- 
tion; PRA = plasma renin activity; vascular reactivity All = systemic vascular (blood pressure) response 
to exogenously administered angiotensin Il during concurrent calcium entry—blocker therapy. 


TABLE I| Effects of Calcium Entry Blockers on Renal Function and Hemodynamics 


GFR ERPF 
Short-term 
Diltiazem No A1 No A * 
Nifedipine No A No A 
Verapamil No A 
Nitrendipine 3d 
Long-term 
Diltiazem No A1 No A * 
Nifedipine No A No A 
Verapamil No A 
Nitrendipine No A 


RVR intrarenal Effects of All 
Attenuation 
Attenuation 


No A | 


ERPF = effective renal plasma flow; GFR = glomerular filtration rate; intrarenal effects of All = GFR 
or ERPF response to exogenously administered angiotensin Il during concurrent calcium entry-blocker 


therapy; RVR = renal vascular resistance. 


Nifedipine: The short-term sublingual or oral ad- 
minstration of nifedipine (10 to 30 mg) to normoten- 
sive subjects or hypertensive patients produces a sig- 
nificant increase in plasma renin activity;/-!? the effect 
peaks at 1 to 2 hours, returning to control levels at 4 
hours.’!°.!! This increase has been shown to be direct- 
ly correlated with pretreatment plasma renin activity 
values®:!! and inversely correlated with age.? However, 
long-term oral therapy (30 to 80 mg/day for up to 3 
weeks) has no consistent effect on plasma renin activi- 
ty.512.13 The short-term oral administration of nifed- 
ipine significantly increases plasma angiotensin II 
concentration.? Nevertheless, neither short- nor long- 
term administration of nifedipine has an effect on 
plasma aldosterone concentration.5?!? Although 
short-term intravenous administration of nifedipine 
to normotensive subjects has been reported to de- 
crease significantly the pressor effect of exogenously 
administered angiotensin II,!* long-term oral therapy 
(30 to 60 mg/day for 2 weeks) has no effect on the 
vasoconstrictor action of exogenously administered 
angiotensin II.!5.16 

Verapamil: Although the intravenous administra- 
tion of verapamil to normotensive subjects increases 
plasma renin activity,’ short-term oral administration 
(160 mg) produces no consistent effect.!? Similar re- 
sults have been reported in hypertensive patients after 
long-term administration of verapamil in dosages up 
to 480 mg/day for as long as 4 months.!3:17:18 However, 
the systemic vasoconstrictor action of exogenously ad- 
ministered angiotensin II is significantly suppressed 


by the concurrent infusion of verapamil? Long- 
term oral administration of verapamil (240 mg/day) 
has no consistent effect on plasma aldosterone 
concentration. !? 

Nitrendipine: The short-term oral administration 
of nitrendipine (20 mg) to hypertensive patients has 
been reported to have no effect on plasma renin activi- 
ty;!? similar results have been reported after long-term 
therapy at dosges of up to 40 mg/day for 5 weeks.?? 
Moreover, long-term nitrendipine administration 
does not attenuate pressor responses to exogenously 
infused angiotensin II.” Nitrendipine appears to have 
no effect on plasma aldosterone concentrations.?? 


Renal Function and Hemodynamics (Table Il) 


Diltiazem: The short-term oral administration of 
diltiazem (30 to 60 mg) to patients with existing arte- 
riosclerotic cardiovascular disease (with or without 
hypertension) has been reported to have no consistent 
effect on either glomerular filtration rate (GFR) as 
measured by iodine-131 iothalamate or effective renal 
plasma flow as measured by I-131 hippuran, 3 hours 
postdosing.?! A similar study in patients with chronic 
congestive heart failure showed no consistent effect on 
either GFR or effective renal plasma flow.?? Studies in 
patients with primary or secondary renal disease have 
suggested that long-term oral diltiazem therapy (at 
dosages ranging from 30 to 120 mg/day from 1 week to 
3 months) tended to increase GFR and effective renal 
plasma flow, the latter demonstrating the greater and 
more consistent change.5?2?-?» We studied 17 essential 
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TABLE Il| Effects of Diltiazem on Renal Function and Hemodynamics 





Placebo Diltiazem 
(4 weeks, n = 17) (8 weeks, n = 17) 

MAP (mm Hg) 122+2 108 + 3* 
Mean + SEM 

GFR (ml/min/1.73 m?) 9218 9205 
Mean + SEM 

ERPF (ml/min/1.73 m?) 343 + 30 352 + 23 
Mean + SEM 

Filt fract (%) 27.2 = 1.1 27.4 Ł 1.9 
Mean + SEM 

RBF (ml/min/1.73 m?) 850 + 74 861+ 50 
Mean + SEM 

RVR (dynes s cm^5/1.73 m? X 10%) 13.5 X 1.7 10.5 + 0.6! 
Mean + SEM 
* p «0.0005 compared with placebo. 
t p «0.10. 


ERPF = effective renal plasma flow by para-aminohippurate; filt fract = filtration fraction = 
GFR/ERPF X 100; GFR = glomerular filtration rate by inulin clearance; MAP = mean arterial pressure = 
diastolic pressure + one-third pulse pressure; RBF = renal blood flow = ERPF/0.74/(1-Hct); RVR = 
renal vascular resistance = (MAP/RBF) X 80,000; SEM = standard error of the mean. 


TABLE IV Effects of Diltiazem on Renal Function and Hemodynamics (initial GFR <80 


ml/min/1.73 m?) 
Placebo Diltiazem 
(4 weeks, n — 8) (8 weeks, n — 8) 
MAP (mm Hg) 119 12 105 + 3* 
Mean + SEM 
GFR (ml/min/1.73 m?) 60+6 89 + 6* 
Mean + SEM 
ERPF (ml/min/1.73 m?) 244 + 30 339 + 2117 
Mean + SEM 
Filt fract (%) 25.9 + 1.9 26.8 + 2.2 
Mean + SEM 
RBF (ml/min/ 1.73 m?) 601 t 76 837 + 587 
Mean + SEM 
RVR (dynes s cm^5/1.73 m? X 10%) 18.1 € 2.8 10.3  0.7tt 
Mean + SEM 
* p <0.005 compared with placebo. 
t p <0.01. 
tt p «0.025. 


ERPF = effective renal plasma flow by para-aminohippurate; filt fract = filtration fraction = 
GFR/ERPF X 100; GFR = glomerular filtration rate by inulin clearance; MAP = mean arterial pressure = 
diastolic pressure + one-third pulse pressure; RBF = renal blood flow = ERPF/0.74/(1-Hct); RVR = 
renal vascular resistance = (MAP/RBF) X 80,000; SEM = standard error of the mean. 


hypertensive patients receiving 240 to 480 mg/day of 
diltiazem for 8 weeks. Although mean arterial pressure 
decreased from 122 to 108 mm Hg, renal function and 
hemodynamics were not significantly altered (Table 
III). However, in 8 patients initially exhibiting a pre- 
treatment GFR <80 ml/min/1.73 m?, there was a 
marked increase (48%) in the rate (Table IV). Further, 
effective renal plasma flow and renal blood flow were 
increased, and renal vascular resistance was de- 
creased. Short-term studies in animals, after either 
the intraarterial (renal) or intravenous infusion of dil- 
tiazem, have demonstrated diltiazem-induced dose- 
dependent increases in GFR and effective renal plas- 
ma flow.?9-?? Further, decreases in effective renal plas- 
ma flow induced by exogenously administered 
angiotensin II can be attenuated by concurrently ad- 
ministering diltiazem.52?927 

Nifedipine: The short-term intravenous adminis- 
tration of nifedipine (1 mg) to patients with essential 
or renovascular hypertension has been reported to 
have no significant effect on either GFR as measured 


by inulin clearance or effective renal plasma flow as 
measured by p-aminohippurate clearance.?? Similar 
results have been reported after the short-term oral 
administration of nifedipine (10 mg)!9?! and after its 
more prolonged administration (40 mg/day for 1 to 3 
weeks).?233 A recent report, however, has suggested 
that nifedipine may cause acute, reversible deteriora- 
tion in renal function in patients with preexisting re- 
nal insufficiency.*4 

Verapamil: The short-term oral administration of 
verapamil (160 mg) has been reported to have no effect 
on creatinine clearance in either normotensive sub- 
jects or hypertensive patients.!? Similar results have 
been reported after the long-term administration of 
verapamil in dosages ranging up to 480 mg/day for as 
long as 12 months.!?!5 Animal experiments, however, 
suggest that verapamil can reverse exogenous angio- 
tensin II-mediated changes in the renal cortical mi- 
crocirculation.?? Specifically, verapamil inhibited an- 
giotensin II-induced decreases in both the capillary 
plasma flow (mediated by efferent arteriolar vasocon- 
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TABLE V Effects of Calcium Entry Blockers on Salt and 
Water Excretion and Body Fluid Composition 


V UnaV UxV PV/ECF WT 
Short-term 
Diltiazem t i No A 
Nifedipine f No A 
Verapamil No A No A No A 
Nitrendipine "X iuh aa 
Long-term 
Diltiazem No A No A No A No A No A 
Nifedipine No A No A No A No A No A 
Verapamil No A No A No A No A No A 
Nitrendipine No A No A No A ny iv 


PV/ECF = plasma volume/extracellular fluid volume; UxV = uri- 
nary potassium excretion; Uy,V = urinary sodium excretion; V = 
urinary flow rate; WT — weight. 


striction) and the ultrafiltration coefficient (mediated 
by mesangial contraction). These results suggest that 
calcium may be an important cofactor required for the 
expression of the intrarenal actions of angiotensin II. 

Nitrendipine: Long-term oral nitrendipine thera- 
py (10 to 40 mg/day for 5 weeks) has been reported to 
have no effect on the creatinine clearance of essential 
hypertensive patients.?? 


Salt and Water Excretion 
and Body Fluid Composition (Table V) 


Diltiazem: The short-term oral administration of 
diltiazem (30 to 60 mg) to patients with either existing 
arteriosclerotic cardiovascular disease or chronic con- 
gestive heart failure has been reported to increase uri- 
nary sodium excretion, with the peak effect occurring 
2 to 3 hours after dosing;??? however, diltiazem had 
no effect on urinary potassium excretion. In patients 
with primary or secondary renal disease, the intrave- 
nous administration of diltiazem (10 to 40 mg over 10 
minutes to 2 hours) has been reported to increase both 
urine flow rate and urinary sodium excretion.?5256 
However, the long-term oral administration of diltia- 
zem, in dosages ranging up to 360 mg/day, has not 
been associated with changes in serum electrolytes or 
fluid retention as evidenced by edema or weight 
gain.*?7 We have observed that long-term oral diltia- 
zem therapy (240 to 480 mg/day for 8 weeks) adminis- 
tered to 17 hypertensive patients has no effect on 
serum electrolytes, body fluid composition or body 
weight (Table VI); further, long-term diltiazem thera- 
py had no effect on salt and water excretion (Table 
VII). 

A short-term study in dogs showed that the renal 
arterial infusion of diltiazem produces a prompt in- 
crease in urine flow, sodium excretion, osmolar clear- 
ance and free water clearance.” Yamaguchi et al?® 
suggested that diltiazem has a direct effect on tubular 
sodium reabsorption because natriuresis could be 
maintained under conditions that prevented a drug- 
induced increase in effective renal plasma flow. A 
short-term study in rats demonstrated that diltiazem 
(30 to 60 mg/kg administered orally) significantly in- 
creased urine volume and urinary excretion of both 
sodium and potassium in a dose-related manner.?? 
However, repeated oral administration (30 mg/kg/day 
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TABLE VI Effects of Diltiazem on Body Fluid Composition 
and Weight 
Placebo Diltiazem 
(4 weeks, n = 17) (8 weeks, n = 17) 
ROM (liter) 2.0 ż 0.2 2.1+0.2 
Mean + SEM 
PV (liter) 3.5 + 0.3 3.4 t 0.3 
Mean + SEM 
TBV (liter) 5.5 0.5 5.5 40.5 
Mean + SEM 
ECF (liter) 18.4 t 1.4 18.9 t 1.4 
Mean + SEM 
TBW (liter) 48.5 + 3.4 46.5 + 4.4 
Mean + SEM 
WT (kg) 89.5 + 3.4 89.1 + 3.4 
Mean + SEM 


ECF = extracellular fluid by Naz ?5SO4; PV = plasma volume by l- 
125 HSA; RCM = red cell mass by Cr-51 RBC; TBV = total blood 


volume = RCM + PV; TBW = total body water by ?*H50; WT = weight. 


TABLE VII Effects of Diltiazem on Salt and Water 
Excretion 
Placebo Diltiazem 
(4 weeks, n = 17) (8 weeks, n = 17) 

UnaV (mEq/g creat) 1158 99+ 12 
Mean + SEM 

UxV (mEq/g creat) 38+5 40+6 
Mean + SEM 

FE, (96) 1.7 X 0.3 1.1 4 0.2 
Mean + SEM 

FE, (96) 11.5 x 1.9 11.34 1.9 
Mean + SEM 

V (ml/min) 10.3 + 1.5 10.8 + 1.2 
Mean + SEM 

Cu,o (ml/min/1.73 m?) 7.4 X 1.2 6.7 + 1.1 

Mean + SEM 


Cu.0 = free water clearance; FE, = fractional potassium excretion 
X 100; FEwa = fractional sodium excretion X 100; UkV = 24-hour 
urinary potassium excretion; Uy,V = 24-hour urinary sodium excre- 


tion; V — urinary flow rate. 


for 8 weeks) had no effect on plasma sodium or potas- 
sium concentration, total body water, extracellular 
fluid or plasma volume, suggesting that diltiazem did 


not cause sodium or water retention. 


Nifedipine: The acute intravenous administration 
of nifedipine (1 mg) to patients with essential and 
renovascular hypertension was reported to increase 
urine flow rate and sodium clearance.?? Similar results 
have been reported after short-term oral administra- 
tion of nifedipine (10 mg);!? there was no effect on 
potassium excretion. Long-term studies, however, do 
not support sustained diuretic or natriuretic effects. 
Long-term nifedipine therapy (in dosages ranging up 
to 60 mg/day) does not significantly alter serum or 
urinary electrolytes,!9?25? plasma volume!?.? or body 


weight. 19.16,32,33,40 


Verapamil: Neither short-term oral administration 
of verapamil (160 mg)!? nor long-term oral therapy 
(dosages ranging up to 480 mg/day for as long as 2 
weeks)!? has an effect on urinary flow rate or sodium or 
potassium excretion in either normotensive subjects 
or hypertensive patients. Further, long-term verapa- 
mil therapy is not associated with significant changes 
in serum electrolytes, plasma volume!? or body 


weight. 194041 
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Nitrendipine: Long-term oral nitrendipine thera- 
py (10 to 40 mg/day for 5 weeks) has no significant 
effect on urinary excretion of sodium or potassium.?? 


Conclusions 


Renin-angiotensin-aldosterone system: Because 
calcium may inhibit renin secretion by a direct action 
on the juxtaglomerular cell,*? the administration of a 
calcium entry-blocking drug might be expected to 
stimulate renin secretion. However, only nifedipine, 
the most potent peripheral vasodilator of the drugs 
studied, consistently produces this effect; and it does 
this only after short-term administration. None of the 
other calcium entry-blocking drugs produces a clini- 
cally significant alteration, after long-term adminis- 
tration, in any of the components of the renin-angio- 
tensin-aldosterone system. Although the acute sys- 
temic vasoconstricting action of exogenously 
administered angiotensin II is attenuated by a concur- 
rent infusion of diltiazem, nifedipine or verapamil 
—presumably by decreasing the sensitivity of the vas- 
culature to angiotensin II by preventing an increase in 
cytosol-ionized calcium—this effect is lost after the 
long-term administration of either nifedipine or. ni- 
trendipine. Thus, calcium entry blockers appear to 
have little or no influence on the renin-angiotensin- 
aldosterone system as it relates to systemic blood pres- 
sure control. 

Renin function and hemodynamics: Among the 
calcium entry-blocking drugs currently under study, 
only diltiazem has been shown to increase GFR or 
effective renal plasma flow and to decrease renal vas- 
cular resistance. None of these calcium entry-blocking 
drugs adversely affects renal function or hemodynam- 
ics. There are at least 2 potential mechanisms for the 
observed increase in GFR or effective renal plasma 
flow after diltiazem therapy: reversal of angiotensin 
II-induced vasoconstriction (mesangium or efferent 
arteriolar tone) and reversal of norepinephrine-in- 
duced vasoconstriction (mesangium or efferent arteri- 
olar tone). The nonspecific effect of calcium entry 
blockers to prevent an increase in cytosol-ionized cal- 
cium would be expected to decrease the sensitivity of 
the renal vasculature and the mesangium to both 
angiotensin II and norepinephrine. Indeed, several 
investigators have demonstrated that diltiazem and 
verapamil attenuate the intrarenal effects of both exo- 
genously administered angiotensin II9?262735 and 
norepinephrine.*? In addition, diltiazem and verapa- 
mil have been shown to differentially affect a-adrener- 
gic receptors. Both drugs preferentially antagonized 
postsynaptic (voltage-activated calcium channel) as- 
adrenergic receptors.*^-46 Diltiazem and verapamil se- 
lectively interfere with the vasoconstrictor action of 
norepinephrine on the afferent arteriole (suggesting a 
greater density of o» receptors), while leaving intact its 
action on the efferent arteriole (suggesting a greater 
density ef o;-adrenergic receptors).*? Our observation 
that GFR increased in hypertensive patients, when 
initially impaired, without an associated increase in 
the filtration fraction, supports the differential effect 
of norepinephrine on the renal vasculature, but does 


not exclude the possibility of a reversal of a direct 
angiotensin II or norepinephrine effect on the glomer- 
ulus (mesangium). Reversal of angiotensin II-media- 
ted-efferent arteriolar vasoconstriction would have 
been expected to disproportionately enhance effective 
renal plasma flow, decreasing the filtration fraction. 
Salt and water excretion and body fluid compo- 
sition: Activation of renal œ adrenoceptors increases 
renal retention of sodium and water (this is mediated 
by inhibition of adenylate cyclase; reducing cyclic 
adenosine monophosphate diminishes the flux of so- 
dium and water through the wall of the proximal tu- 
bule in the lumen).4748 Thus, antagonism of renal a;- 
adrenergic receptors by a calcium entry-blocking drug 
might be expected to enhance sodium and water excre- 
tion. However, only diltiazem and nifedipine have 
been shown to induce natriuresis and diuresis on a 
short-term basis. More important, none of these calci- 
um entry-blocking drugs was shown to have a clinical- 
ly important sustained effect on salt and water excre- 
tion. This conclusion is supported by the absence of an 
observed effect of calcium entry blockers on serum 
electrolytes, body fluid composition or body weight. 
However, anecdotal case reports do attest to the po- 
tential for these drugs to produce edema. The frequen- 
cy or mechanism for this potential adverse effect is 
unclear. Because the calcium entry-blocking agents 
generally lower blood pressure without producing salt 
and water retention, these drugs can be expected to 
assume a prominent role as first-step therapy in the 


treatment of patients with hypertensive diseases. 
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Renin, Calcium Metabolism and the Pathophysiologic Basis 
of Antihypertensive Therapy 
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The renin-angiotensin-aldosterone system regulates 
blood pressure and volume homeostasis in addition to 
sodium and potassium metabolism, and may be linked 
to divalent cation metabolism as well as hypertensive 
disease. In essential hypertension, circulating serum 
magnesium and Ca*^*, and the calcium regulating 
hormones, parathyroid hormone, calcitonin and 1,25 
dihydroxyvitamin (1,25D) are different in the various 
renin subgroups. Elevated blood pressure induced by 
such maneuvers as dietary salt loading is associated 
with exacerbations of these calcium metabolic devi- 
ations, and appears related to salt-induced changes in 
serum Catt or 1,25D levels. Short- or longer-term 
lowering of blood pressure with the calcium-channel 
blocker, nifedipine, or with calcium or magnesium 


supplementation is associated with a shift of renin 
system activity and calcium metabolic indexes back 
to average normotensive values in those subjects 
most susceptible to these hypotensive agents. 

These observations suggest that deviations in calci- 
um metabolism in essential hypertension may be re- 
lated to the pathophysiology of the hypertensive pro- 
cess. Further, renin system activity and calcium 
metabolic indexes such as serum Ca** levels may 
help target specific subgroups of hypertensive popula- 
tions most susceptible to various dietary or drug ma- 
neuvers, and thus may provide a basis to better under- 
stand and treat clinical hypertension. 


(Am J Cardiol 1985;56:68H- 74H) 





Increased blood pressure is an abnormal physical sign 
that we appreciate as varying quantitatively in degree; 
however, we have often mistakenly considered it qual- 
itatively as a single homogeneous entity. It is not. Our 
present knowledge of hypertension, the spectrum of 
biochemical and hormonal parameters contributing to 
hypertension and the varying clinical responses to 
therapeutic maneuvers all testify to the heterogeneity 
of hypertension. Thus, it would appear most reason- 
able to attempt therapeutic intervention on the basis 
of our ability to analyze the pathophysiology of hyper- 
tension for an individual patient. Assessment of the 
renin-angiotensin-aldosterone system by simple blood 
and urine measurements makes this effort realistic 
and practical, and we have used it for over a decade. 
We will review how the renin system operates phys- 
iologically as a vasoconstriction-volume control sys- 
tem, consider evidence for the clinical and biochemical 
heterogeneity of hypertension based on analysis of 
renin-sodium profiling and, finally, suggest how 
knowledge of renin system activity provides a rational 
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basis for therapeutic choices in hypertension. This 
approach not only highlights the relevance of renin 
activity to hypertension, but also, interestingly, estab- 
lishes a basis for understanding the contribution of 
calcium metabolism to the pathogenesis and therapy 
of hypertensive disease. 

The renin-angiotensin-aldosterone system and 
vasoconstriction-volume analysis of blood pres- 
sure regulation: Renin was initially identified over 
85 years ago as a pressor substance obtained from 
saline extracts of rabbit kidney,! but its relevance was 
not commonly appreciated until the classic experi- 
ments of Goldblatt et al,? who established renin as a 
humoral substance capable of causing hypertensive 
disease. Thereafter, renin was identified as an enzyme 
initiating a biochemical cascade that also involved an- 
giotensin converting enzyme, and resulted in the for- 
mation of angiotensin II as an active effector mole- 
cule.?* The connection of this biochemical cascade to 
potassium and sodium-volume homeostasis was ad- 
vanced by Laragh and others who established that 
adrenal aldosterone production was chiefly regulated 
by angiotensin IL? as well as by potassium.® While 
further advances in our knowledge of the renin-aldo- 
sterone system continue, the system as it functions in 
the peripheral circulation has been defined (Fig. 1).’ 


Renal renin secretion is stimulated by a variety of 
hemodynamic, hormonal and ionic signals associated 
with decreased “effective” circulating blood volume, 
decreased blood pressure or other stress responses.’ 
Increased circulating active renin (plasma renin activ- 
ity) catalyzes the hydrolysis of plasma renin substrate, 
a protein of liver origin. This results in increased for- 
mation of angiotensin I, the C-terminal 10 amino acid 
fragment of plasma renin substrate. Angiotensin con- 
verting enzyme acts on angiotensin I by hydrolyzing 
the distal 2 amino acids to produce the 8 amino acid 
peptide, angiotensin II. Although the angiotensin con- 
verting enzyme is present in all vascular endothelial 
cells, most circulating angiotensin II is produced with- 
in the pulmonary vascular bed.? Angiotensin II acts 
directly as a vasoconstrictor to increase blood pres- 
sure, an effect magnified by its ability to release cate- 
cholamines in the periphery. A longer-term effect of 
angiotensin II is its ability to stimulate adrenal aldo- 
sterone production, which, in the presence of suffi- 
cient dietary sodium, causes renal sodium retention, 
increased pressor sensitivity to angiotensin II, volume 
expansion and/or increased blood pressure. Thus, the 
original signals for renin release are dampened by in- 
creased pressure or volume retention, suppressing re- 
nin secretion and operating as a classic negative feed- 
back system (Fig. 1). Concurrent effects on potassium 
metabolism are regulated at the renal level, preventing 
abnormalities of volume or pressure from resulting in 
abnormal potassium metabolism.? 

On the basis of these considerations, blood pressure 
may be considered to be dependent on 2 types of fac- 
tors. Vasoconstrictor factors affect pressure by chang- 
ing the tone of the blood vessel wall, altering internal 
vessel diameter and thus pressure. Volume factors al- 
ter the amount of circulating fluid present for any 
given amount of vasoconstrictor tone, and thus also 
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FIGURE 1. The renin-angiotensin-aldosterone system as a coordinate 
blood pressure and sodium-volume control system. Reproduced with 
permission from WB Saunders.’ 


directly affect pressure. Normally these 2 types of 
factors are balanced in see-saw fashion to maintain 
normal blood pressure and tissue perfusion under a 
variety of dietary and environmental circumstances. 
Indeed, there is a characteristic inverse, hyperbolic 
relation between circulating plasma renin activity and 
urinary sodium excretion, reflecting dietary sodium 
intake (Fig. 2). This relation, by defining the normal 
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FIGURE 2. Relation of plasma renin 
activity and urinary sodium excretion 
to 24-hour urinary sodium in normo- 
tensive subjects. Reproduced with 
permission from WB Saunders.” 
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TABLE! Calcium-Regulating Hormones in Essential 
Hypertension 
PTH CT 1,25D 

Group (pg/ml) (pg/ml) (pg/ml) 

NI-BP 244+ 21 68.0 + 6.5 53.9 + 5.3 
(n = 10) 

Lo-RH 433 + 38! 56.4 + 1.8* 77.4 X 5.4* 
(n = 18) 

NI-RH 318 + 22* 66.2 + 4.0 57.2 X 4.3 
(n = 19) 

Hi-RH 292 + 37 84.343.9*t — 44.1 X 4.9! 
(n = 11) 


* p <0.05 versus NI-BP. 

t p <0.005 versus NI-BP. 

t p <0.001 versus Lo-RH. 

PTH = parathyroid hormone; CT = calcitonin; 1,25D = 1,25 dihy- 
droxyvitamin D; NI-BP = normotensive control subjects; Lo-RH = low 
renin hypertensives; NI-RH = normal renin hypertensives; Hi-RH = 
high renin hypertensives. 


link between sodium-volume and constrictor factors 
regulating volume-pressure homeostasis in man, pro- 
vides valuable clues and a clinically practical approach 
to hypertensive disease. 


The Hormonal and Biochemical Heterogeneity 
of Hypertension 


Renin profiling in hypertension: If the same type 
of analysis, comparing plasma renin activity with am- 
bient 24-hour sodium excretion, is attempted for sub- 
jects with essential hypertension, certain hypertensive 


à 

L| 

^. som mae T) 
uho! e 

Ol 
Ogi a 
' E] 

10 368 DE TERMINATIONS 


PLASMA 
RENIN 
ACTIVITY 
ng/ml/hr 





FIGURE 3. Relation of plasma renin activity to 24-hour urinary sodium 
excretion in hypertensive subjects. Dashed lines represent limits of 
plasma renin activity values for normotensive subjects at a given level 
of urinary sodium. (A, O and lll define low, normal and high renin 
hypertensives, respectively.) 
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subjects demonstrate an inappropriate excess of renin 
activity at levels of urinary sodium excretion normally 
associated with inhibition of renin secretion. On the 
other hand, another, larger group of hypertensive sub- 
jects—approximately 30%—have suppressed levels of 
plasma renin activity, even when, at a low urinary 
sodium excretion, one would expect a stimulation of 
renin secretion (Fig. 3). These deviations of plasma 
renin activity at a given level of urine sodium excretion 
from the tight correlation observed in normotensive 
subjects serve as the basis for “renin profiling,” and 
define “high renin” and “low renin” essential hyper- 
tension as opposite clinical subgroups. In high renin 
hypertension, the excess pressure is usually renin de- 
pendent, while in low renin states, the renin system 
acts as if an excess of volume factors are present, not 
dependent on renin activity.’ 

Abnormalities of calcium metabolism in hyper- 
tension: While calcium has long been linked to the 
molecular events of muscle contraction, abnormalities 
of calcium metabolism in hypertensive disease have 
only recently been appreciated.!? Further, no coherent 
picture has emerged of the specific manner in which 
these variously described abnormalities contribute to 
elevations in blood pressure. 

We recently defined renin-linked heterogeneous de- 
viations of calcium metabolism among subjects with 
essential hypertension, suggesting a state of calcium 
surfeit in some individuals, and of calcium deficit in 
others. Thus, the seemingly paradoxical and contra- 
dictory observations previously described may each be 
relevant in differing renin subgroups of hypertension. 
Specifically, serum Ca** is directly related to plasma 
renin activity; low renin subjects have lower average 
Ca** than either high renin hypertensive or normo- 
tensive control subjects. Serum magnesium is inverse- 
ly related to plasma renin activity; low renin subjects 
have higher levels than other hypertensive or normo- 
tensive subjects (Fig. 4).!! 

'The significance of these serum ionic alterations is 
further emphasized when calcium-regulating hor- 
mones are similarly analyzed. Serum levels of calcito- 
nin, 1,25 dihydroxyvitamin D (1,25D) and parathyroid 
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FIGURE 4. Serum levels of magnesium, left, and ionized calcium, right, 
in normotensive and low, medium and high renin subgroups of hyper- 
tensive subjects. Reproduced with permission from N Engl J Med." 
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TABLE I| Metabolic and Hormonal Comparison of Salt-Sensitive Versus Salt-Insensitive 
Subjects with Longer-Term Salt Loading 





ADBP PRA ACai, ACT A1,25D 
Group (%) (ng/ml/hour) (mEq/liter) (%) (%) 
Salt-sensitive 9.4 + 0.9 1.5 £05 —0.08 + 0.04 —26+6 68.5 + 9.0 
(n = 8) 
Salt-insensitive 0.25+ 1.3 3.0+06* +0.1440.05' +1646 18.0 + 17.7 
(n = 5) 
* p <0.02. 


t p <0.01 versus salt-sensitive. 


DBP = diastolic blood pressure; PRA = plasma renin activity; Cai, = serum ionized calcium; CT = 


calcitonin; 1,25D = 1,25 dihydroxyvitamin D. 


hormone also vary among renin subgroups of essential 
hypertension (Table I). Calcitonin levels were lower in 
low renin subjects and higher in high renin subjects, as 
compared with either other hypertensive or normoten- 
sive control subjects, while levels of 1,25D were highest 
in low renin subjects compared with high renin hyper- 
tensive or normotensive control subjects. Parathyroid 
hormone levels were also highest in low renin hyper- 
tensive subjects.!? These hormonal deviations were 
appropriate for the changes in serum Ca** and high- 
light the biologic rather than just the statistical signif- 
icance of the initially observed serum ionic deviations. 
Further, they suggest a broad-based link between the 
control of calcium metabolism and renin system activ- 
ity in essential hypertension, and emphasize the 
pathophysiologic basis of renin profiling. Indeed, as 
we have suggested, plasma renin activity may reflect 
as well as modulate the steady-state distribution of 
calcium and magnesium across cell membranes. 


Clinical Heterogeneity of Hypertension— 
Salt Sensitivity, 
Calcium and Magnesium Supplementation 


The question that naturally arises at this stage is 
what, if anything, might these linked ionic and hor- 
monal deviations have to do with hypertension? Our 
preliminary observations suggest that blood pressure 
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FIGURE 5. Effect of high versus low dietary salt intake on diastolic 
blood pressure as it relates to salt-induced changes in serum ionized 
calcium concentrations. % ADBP = percent change in diastolic blood 
pressure; ACa;, = change in serum ionized calcium. 15 
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responses to varied dietary sodium intakes, as well as 


the ability of calcium and magnesium supplementa- 
tion to affect blood pressure, differ among different 
renin subgroups of essential hypertension and can be 
predicted by either renin-sodium profiling or assess- 
ment of calcium metabolism. 

Sodium sensitivity: Essential hypertensive outpa- 
tients, randomly allocated for 3 to 4 weeks each to low 
(«50 mEq/day) and high (>200 mEq/day) dietary so- 
dium intakes, had blood pressure measurements, re- 
nin-sodium profiling and calcium metabolic variables 
analyzed. When categorized as sodium sensitive ver- 
sus insensitive (A diastolic pressures >5% on high ver- 
sus low sodium), sodium-sensitive subjects had signifi- 
cantly lower plasma renin activity, significant sup- 
pression of serum Ca** and a greater elevation of 
1,25D compared with sodium-insensitive subjects 
(Table II). Indeed, regardless of the definition of sodi- 
um sensitivity, continuous relations were observed be- 
tween the change in pressure on high versus low di- 
etary sodium and the changes in either serum Ca** (r 
= —0.90, p <0.001) or 1,25D (r = 0.74, p «0.01).1?.14 
Identical results were obtained when subjects were 
studied as inpatients on metabolic balance diets of low 
(10 mEq/day) and high (200 mEq/day) sodium con- 
tent for 5 to 7 days each (Figs. 5 and 6).!© Thus, it 
seems that blood pressure elevations with increased 
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FIGURE 6. Effect of high versus low dietary salt intake on diastolic 
blood pressure as it relates to salt-induced changes in serum 1,25 
dihydroxyvitamin D levels. % ADBP = percent change in diastolic 
blood pressure; % A1,25D = percent change in 1,25 dihydroxyvita- 
min D (data from references 14 and 15). 
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. dietary sodium intake are characteristic of the low 
renin subject, that a unique calcium ionic and hormon- 
al profile defines the sodium-sensitive state and that 
alterations in calcium metabolism may mediate the 
phenomenon. Regardless of pathophysiology, howev- 
er, renin-sodium profiling and analysis of calcium 
metabolic indexes seem useful in identifying the sodi- 
um-sensitive subject. This has also been suggested by 
investigations of a putative natriuretic hormone in 
volume-related hypertension. !® 

The hypotensive efficacy of calcium and mag- 
nesium supplementation: Not only can renin activity 
and calcium indexes predict the spectrum of blood 
pressure responses to different dietary sodium in- 
takes, but a similar analysis describes the effects of 
calcium and magnesium loading as well. We!’ and 
-= McCarron and Morris!? reported preliminary results 
. in treating essential hypertension subjects with oral 
. calcium supplementation. In each study, blood pres- 
- sure declined in some, rose in others and did not signif- 
icantly change in many.!^!5 When these results were 
further analyzed by comparing the blood pressure re- 
sponse of an individual person with the pretreatment 
plasma renin activity or serum Ca**, significant rela- 
tions were observed. Calcium administered orally as 
the carbonate salt, 2 g/day for 5 days, to subjects on 
metabolic balance diets, preferentially lowered pres- 
sure in subjects with lower initial levels of renin activi- 
ty (r = 0.89, p <0.005) or lower initial levels of serum 
Catt (r = 0.82, p «0.005).!? Higher serum Catt levels 
_ or plasma renin activity were associated with either no 
clinical response or even a pressor response. Thus, 
. we may be able to target specific hypertensive sub- 
- groups for whom calcium supplementation would be of 
— benefit. 

The exact opposite pattern of blood pressure re- 
sponse was observed with magnesium loading. Sub- 
jects on metabolic balance diets were given 2 g/day 
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FIGURE 7. Effect of magnesium loading (MgSO,, 2 g/day X 3 days, 
intramuscularly) on diastolic blood pressure (DBP) according to the 
initial plasma renin activity (PRA) in essential hypertensive subjects 
(data from reference 20). 
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MgSO, intramuscularly for 3 to 5 days. Blood pressure 
was selectively lowered in normal and high renin sub- 
jects, while low renin subjects actually experienced a 
net pressor response (Fig. 7). Altogether, there was a 
significant inverse relation between the percent 
change in diastolic pressure and the initial plasma 
renin activity (r = —0.77, p «0.005).?? 


Clinical Heterogeneity of Hypertension— 
Drug Therapy 


While restriction of dietary sodium intake and, per- 
haps in the near future, calcium or magnesium supple- 
mentation may be initial maneuvers to benefit select- 
ed renin- or Ca* *-targeted subgroups of patients with 
mild to moderate hypertension, drug therapy still oc- 
cupies a central position in the therapy of hyperten- 
sion. Thus, it is of practical importance as well as of 
physiologic interest to ascertain whether measure- 
ment of plasma renin activity, serum Ca** or other 
calcium metabolic indexes can similarly target sub- 
groups of hypertensive patients who might preferen- 
tially benefit from specific drug classes. Indeed, 
historically, it has been the success of renin-sodium 
profiling in determining the blood pressure sensitivity 
to a variety of antihypertensive drugs that spurred 
continued research of renin system physiology and the 
utility of the vasoconstriction-volume analysis of 
hypertension. 

Drugs and high-renin hypertension— beta 
blockers and converting enzyme inhibitors: Al- 
though the hypotensive effects of 8-blocking drugs 
have long been established, the mechanism by which 
they exert their antihypertensive effects remains in- 
completely understood. Different observers have sug- 
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FIGURE 8. Hypotensive effects of -adrenergic blockade in essential 
hypertensive patients grouped according to their renin-sodium profile. 
Reproduced with permission from N Engl J Med.?^ 
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TABLE Ill The Selective Effectiveness of Antihypertensive Drugs 
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Beta Blockers Are Preferentially Effective 
in High and Normal Renin Patients 


Buhler et al, N Engl J Med 1972;287:1209 
Buhler et al, Am J Cardiol 1973;32:511 
Castenfors et al, Acta Med Scand 1973; 193:189 
Buhler et al, Am J Cardiol 1975;36:652 
Pettinger et al, N Engl J Med 1975;292:1214 
Karlberg et al, Am J Cardiol 1976;27:642 
Hollifield et al, N Engl J Med 1976;295:68 
Weidman et al, Klin Wochenschr 1976;54:765 
Menard et al, Am J Med 1976;60:886 

Stumpe et al, Am J Med 1976;60:853 
MacGregor et al, Clin Sci Mol Med 1976;50:18 
Boerth, Pediatr Res 1976;10:328 

Moore et al, Lancet 1976;2:67 

Bahr et al, Clin Pharmacol Ther 1976;20:130 
Zech et al, Postgrad Med J 1977;53:suppl 3:134 
Philipp et al, Dtsch Med Wochenschr 1977;102:569 


Beta Blockers Can Actually Raise 
Pressure in Low Renin Patients 


Drayer et al, Am J Med 1976;60:897 


gested primary cardiovascular actions, central nervous 
system effects and inhibition of renin secretion as al- 
ternative hypotheses, and evidence exists for each hy- 
pothesis. However, cardiac indices are themselves 
incapable of predicting the blood pressure response to 
8 blockers, and subjects in whom pressure is lowered, 
unchanged or even elevated by these drugs may expe- 
rience equivalent effects on, for example, cardiac out- 
put.?? Similarly, at doses that have widely different 
capacities to penetrate the central nervous system, 
these agents show an equivalent ability to lower blood 
pressure.?? On the other hand, evaluation of renin sys- 
tem activity does indicate that those patients most 
sensitive to 6 blockade are those with high ambient 
plasma renin activity, and that those with a low renin 
profile are insensitive to such therapy (Fig. 8).24 With 
the recent development of drug therapy specifically 
designed to inhibit the renin-angiotensin system, such 
as converting enzyme inhibitors, the role of renin- 
mediated vasoconstriction in essential hypertension 
has been conclusively established. As with the blood 
pressure effects of 8 blockers, the hypotensive efficacy 
of an agent such as captopril is directly related to the 
initial plasma renin activity (Fig. 9).2° 

Thus, the physician who measures plasma renin ac- 
tivity in a given subject and finds it inappropriately 
elevated might consider initiating drug therapy with 
either 8-blocking drugs or converting enzyme inhibi- 
tors. Further, the therapeutic implications of a high- 
renin profile apply even in the elderly, despite the 
decreased occurrence of high plasma renin activity in 
this population. Among elderly hypertensives, 8 
blockers were shown to be preferentially effective in 
high renin subjects, while diuretics were more benefi- 
cial in lower renin subjects.?9.27 

Drugs and low renin hypertension— diuretics 
and calcium-channel blockers: According to the va- 
soconstriction-volume analysis of hypertension, those 
hypertensive subjects in whom plasma renin activity is 
suppressed would be predicted to be more volume 
sensitive and thus more sensitive to diuretic agents. 


Diuretics Are Preferentially Effective 
in Low Renin Patients 


Crane et al, Am J Med Sci 1970;260:311 

Spark et al, Ann Intern Med 197 1;75:831 

Crane et al, Am J Med 1972;52:457 

Carey et al, Arch Intern Med 1972;130:849 
Adlin et al, Arch Intern Med 1972;130:855 
Vaughan et al, Am J Cardiol 1973;32:523 
Castenfors et al, Acta Med Scand 1974;193:189 
Distler et al, Dtsch Med Wochenschr 1974;99:864 
Douglas et al, JAMA 1974;227:518 

Karlberg et al, Am J Cardiol 1976;37:642 
MacGregor et al, Clin Sci Mol Med 1976;50:18 


Diuretics Can Actually Raise 
Pressure in High Renin Patients 


Baer et al, Ann Intern Med 1977;86:257 


Evidence that supports this has been reported by us 
and others (Table III). Thus, in choosing drug thera- 
py, diuretics might be most reasonably considered in 
low renin hypertensive subjects. 

In addition to diuretics, calcium-channel blocking 
agents have also emerged as selectively beneficial in 
low renin subjects; this has been shown thus far for 
both verapamil and nifedipine.” This selective benefit 
of calcium-channel blockade in low renin, volume-de- 
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FIGURE 9. Hypotensive effects of converting enzyme blockade with 
captopril in relation to the initial plasma renin activity (cited in refer- 
ence 25). DBP = diastolic blood pressure. 
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pendent hypertensive states has also been established 
in a variety of animal models and may indicate a great- 
er dependence of hypertension on extracellular calci- 
um in this form of hypertensive disease.???? It may 
also reflect the lower serum Ca** and higher magne- 
sium levels characteristic of low renin hypertension. 
This ionic profile itself enhances the efficacy of calci- 
um-channel blockade, as opposed to higher renin 
forms of hypertension, in which the observed higher 
serum Ca** and lower magnesium levels would be 
expected to blunt calcium-channel antagonism.?! 


The Renin System, Calcium Metabolism and 
Rational Choice of Antihypertensive Therapy 


On the basis of this discussion, it appears that renin- 


- sodium profiling can provide a practical basis for ther- 
 apeutic choices in hypertension. Moreover, recent 


- knowledge linking calcium metabolism and renin sys- 
tem activity lends further significance to these 
- choices. A consistent pattern is emerging, in which the 
- initial deviations in serum Ca** and magnesium ob- 
. served among the different renin subgroups of hyper- 
tensives are such that maneuvers that exacerbate 


these deviations also exacerbate the hypertension. 


Similarly, successful dietary or drug therapy tends 
to reverse these ionic deviations and to reverse the 
hypertension. 

Thus, high dietary salt intake exacerbates blood 


pressure in exactly those patients in whom serum 
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Ca** is most suppressed—those with a lower renin, 
lower Ca** profile. Conversely, restriction of sodium 
intake, associated with higher serum Ca** levels, 
benefits the salt-sensitive, low renin, lower Ca** indi- 
vidual. Similarly, calcium supplementation is most 


— beneficial in the same low renin, lower calcium sub- 


jects. Interestingly, these subjects also have higher 


initial levels of serum magnesium (as previously dis- 


- cussed), which calcium therapy lowers.?? On the other 


hand, magnesium lowers serum Ca** levels, can actu- 
ally worsen hypertension in the lower renin, lower 
Ca** person and is most beneficial in the high-renin, 
higher serum Ca** subject, who has lower initial levels 
of magnesium.?? 

This parallel between the ionic and blood pressure 
effects of dietary sodium, calcium and magnesium 
supplements is now also being observed with drug 
therapy of hypertension. Diuretics have long been 
known to be capable of raising serum calcium values, 
while lowering levels of serum magnesium. The calci- 
um-channel blocker, nifedipine, selectively beneficial 
in exactly the same type of hypertensive—the low 
renin, lower calcium subject—also raises Ca** and 
lowers magnesium.?? Thus, it is possible that diet and 
drug therapy may possess a common basis of action- 
reversing ionic deviations of circulating calcium and 
magnesium, as reflected by the ambient plasma renin 
activity. How these deviations are linked to renin sys- 
tem activity and how they relate to the abnormal in- 
tracellular levels of both cytosolic free calcium and 
free magnesium recently described???* are currently 
unknown and afford exciting challenges for future 
research. 
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The Evolution of Antihypertensive Therapy 


H. MITCHELL PERRY, Jr., MD 





Beginning in the early 1950s, when a ganglioplegic 
agent and a vasodilator were used in combination to 
provide long-term control of severe hypertension, 
which neither drug alone could control, much has 
been learned about the management of hypertension 
from the use of new antihypertensive agents in man 
and from clinical trials of antihypertensive regimens. 
Some of this information includes: (1) the unexpected 
yet very real hazards as well as benefits associated 
with the long-term use of powerful drugs, in particular 
the original description of hydralazine-induced lupus, 
its relation to genetic markers and its association with 
control of hypertension; (2) the apparently decreasing 


The first real success in treating essential hyperten- 
sion occurred about 50 years ago with the advent of 
surgical sympathectomy. Early treatment was uncer- 
tain, hazardous and unpleasant in the extreme; howev- 
er, it held out hope for the future because it demon- 
strated that control was possible. In contrast, today 
virtually all essential hypertension can be controlled 
with relatively little difficulty. Although we still do not 
know the underlying mechanisms involved in main- 
taining an elevated blood pressure, many of the 
advances in the management of hypertension have 
provided important information. It seems timely to 
review what has been learned from the use of 
antihypertensive agents in man and from clinical trials 
of antihypertensive treatment. The marked decrease 
in the severity of hypertension in the United States 
(particularly in whites) during the last 30 years has 
dramatically shifted the emphasis from the treatment 
of malignant hypertension to the treatment of mild 
hypertension. 

I would like to set the stage for my discussion by 
quoting some comments about the early treatment of 
hypertension made by E. Weiss in 1939: 


What has been done in an effort to reduce the 
blood pressure? Because of all ill-founded idea that 
protein was responsible for hypertension and kidney 
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need for antihypertensive drugs in subjects with well- 


controlled severe and moderate hypertension; (3) the | 


identification of risk factors for the complications of 
hypertension and the quantitation of their effects; (4) 
the decrease in the incidence of hypertensive compli- 
cations associated with the pharmacologic treatment 
of severe, moderate and, at least, the upper ranges of 
mild hypertension; (5) the possibility of designing a 
chemical to block a specific reaction and the realiza- 
tion that it would have broader than expected effects; 
and (6) the primary prevention of myocardial infarc- 
tion in very high risk subjects. 

(Am J Cardiol 1985;56:75H-80H) 


disease, the patient was denied meat and eggs, and 
especially red meat, which for some reason was 
looked upon with particular dread. His diet was 
rendered even more unpalatable by the withdrawal 
of salt. Sympathy would doubtless have been ex- 
tended to this half-starved fellow except that he 
probably was not able to eat anyway, his teeth hav- 
ing been extracted on the theory that focal infection 
had something to do with hypertension. Even before 
this he had sacrificed his tonsils and had had his 
sinuses punctured because of the same theory. In 
case some food had been consumed, the slight colon- 
ic residue was promptly washed out by numerous 
colonic irrigations, especially during the period 
when the theory of auto-intoxication was enjoying a 
wave of popularity. To add to his unhappiness he 
was often told to stop work and exercise. Of course, 
he was denied alcohol and tobacco as well as coffee 
and tea, and as a climax to the difficulties of this 
unfortunate person, he may now fall in the clutches 
of the neurosurgeon, who is prepared to separate 
him from his sympathetic nervous system.! 


This quotation reflects the desperate measures tak- 
en by physicians to treat a rapidly fatal disease for 
which no effective treatment had yet been developed. 

Even before the introduction of effective dtug ther- 
apy, some drugs were known to lower blood pressure 
acutely but transiently. Papaverine was the first such 
drug used to treat hypertension, followed by sodium 
nitroprusside and nitroglycerin.? Sodium nitroprus- 
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TABLE! Advances in Managing Hypertension and Major Findings 


Year Drug Study Significant Observation 

1951 Cs + hydralazine Control of severe hypertension with 2 differently acting agents 

1953 Hydralazine Remissions associated with ‘‘toxic’’ autoimmune response 

1955 Hydralazine Hypertension controlled by ‘‘metal binders” and induced by cadmium and lead 
1955 Chlorothiazide Diuretics potentiate other antihypertensive agents 

1956 Cg + hydralazine Remissions and partial remissions accompanying good control 

1959 Framingham Natural history of untreated hypertension and risk factor concept 

1967 and 1970 VA study Ill Benefit from treating severe and moderate hypertension 

1972 VA study III Same benefit for treating diastolic pressures in 70, 80 and 90-mm Hg range 
1975 Captopril Efficacy of designed converting enzyme inhibitor 

1977 VA-NIH trial Thiazide-induced increase in cholesterol 

1979 HDFP Possible benefit from treating mild hypertension to the mid80-mm Hg range 
1979 Calcium antagonists Cellular mechanism of vasodilatation 

1980 ANBPS Benefit from treating diastolic pressures of 95 to 110 mm Hg 

1981 BMIS and BHAT (Primary prevention of myocardial infarction) 

1983 MRFIT Possible drug-specific differences in benefit from treatment 
1984 LRC trial (Decrease in myocardial infarction by lowering cholesterol levels above 265 mg%) 
1984 SHEP | Control of isolated systolic hypertension by diuretics 


Important observations were initially made as the result of new antihypertensive drugs and then as a result of multicenter trials. The dates ap- 
proximate the time when the observations were made or published. The parentheses indicate studies that dealt with atherosclerosis; they are in- 
cluded because myocardial infarction is a major complication of hypertension. See text. 


side was recognized by Johnson in 1929 as a very effec- 
tive vasodilator.? Although it was tested as an antihy- 
pertensive agent, it was impractical therapeutically at 
that time because of its short duration of action, its 
unstable shelf life and the requirement that it be ad- 
ministered parenterally. In the 1930s and 1940s, be- 
fore oral drugs capable of providing long-term control 
became available, surgical sympathectomy‘ and, sub- 
sequently, a very rigid low-sodium, high-potassium 
diet® controlled hypertension to some extent, indicat- 
ing that the sympathetic nervous system and electro- 
lytes were involved in the maintenance of an elevated 
blood pressure. Some of the important lessons subse- 
quently learned from the use of new antihypertensive 
agents in man and from clinical trials of antihyperten- 
sive treatment are listed in Table I. 


Long-Term Control of Severe Hypertension 
with Two Differently Acting Drugs 


Modern pharmacologic therapy of hypertension had 
its beginning in the late 1940s, when routine screening 
for an antihypertensive effect identified the antitu- 
berculous hydrazine as a vasodilator and when 5- and 
6-carbon methonium compounds were recognized as 
effective ganglioplegic agents. Neither hydralazine 
nor the methonium compounds alone could do more 
than provide transient control of blood pressure. How- 
ever, in 1951 Schroeder demonstrated that they could 
provide long-term control when administered togeth- 
er.’ For the first time, patients with malignant hyper- 
tension had their blood pressure controlled and their 
rapidly progressive disease process abruptly halted. 
One of the patients in this initial group of 4 survived 
more than 10 years and another more than 20 years. 
Because the median survival time for untreated “ma- 
lignant hypertension” was less than half a year, it did 
not take long to demonstrate that therapy prolonged 
life. There were major problems in controlling blood 
pressure with these primitive drugs and in patient 
acceptance, but it had been clearly demonstrated that 
attaching 2 different aspects of hypertension with 2 
different drugs worked when neither one alone could 


provide long-term control. These early antihyperten- 
sive agents were powerful but dangerous. Several years 
were needed to learn to use them effectively, during 
which time major and unexpected adverse effects 
appeared. 


Good Hypertension Control 
and Both ‘‘Partial’’ and Complete Remission 


Hypertensive patients with well-controlled blood 
pressure show a decreasing need for antihypertensive 
drugs, an effect currently being examined by various 
“step-down” studies. In the extreme case, this process 
leads to persistent normotension without drugs. The 
phenomenon was first reported in 1956;? it was not 
limited to a few unusual patients, but was a general 
characteristic of the entire hypertensive population in 
which diastolic pressure was adequately controlled by 
treatment. The report considered 114 moderately and 
severely hypertensive patients, all of whom took blood 
pressure readings at home. One month after hospital 
discharge, 79 were controlled (mean diastolic pressure 
at home «100 mm Hg) and 35 were uncontrolled. A 
year later, the mean diastolic pressure of the con- 
trolled patients had decreased slightly, and their in- 
takes of hexamethonium and hydralazine had de- 
creased to 74% and 89%, respectively, of their intake at 
1 month after discharge. The mean diastolic pressure 
of the uncontrolled patients had increased slightly, 
and they were ingesting 97% and 98%, respectively, of 
their initial doses of the 2 drugs. After 3 years of 
treatment, the controlled group was slightly better 
controlled and needed an average of only 50% of their 
1-month doses, while the uncontrolled group was no 
better controlled and was taking almost 80% of their 1- 
month doses. As those who have used these drugs 
know, the dosage range required for control is narrow, 
so this decrease in dosage for controlled patients was 
significant. Thus, good control of blood pressure can 
lead to a lessening of the requirement for antihyper- 
tensive drugs. 

In a few patients, the phenomenon of diminishing 
drug requirements continued until complete discon- 
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tinuation of antihypertensive drugs was possible. In 
the 1956 report, “complete remissions”—normoten- 
sion with no antihypertensive medicine— were report- 
ed in 10 of 114 patients.? Their pretreatment diastolic 
pressure ranged from 113 to 146 mm Hg. In 1966, 8 
of these remissions were reported to have persisted 
for more than 10 years, although 3 patients noted 
the occasional use of diuretic or reserpine under 
"stress." 10 Thus, long-term remissions were seen in 8 
of 79 well-controlled patients. 


Hydralazine 


The mechanism of action of this drug has never been 
clearly delineated beyond that it is a peripheral vaso- 
dilator that acts directly on vascular smooth muscle. 
Chemically, hydralazine is very reactive. In addition, 
it is a strong binding agent for certain metals. Metal 
binding is a property shared with other early vasodila- 
tors: nitroprusside, azide, thiocyanate and some 
experimental vasopressor mercaptans and pyro- 
phosphates. 

Hydralazine's ability to bind certain metals may or 
may not be important, but I mention it for 3 reasons: 
(1) because the patients treated with large doses of 
hydralazine were the ones who had remissions, and 
their clinical courses raised the possibility of depletion 
of an essential nutrient; (2) because of the possible 
competition between calcium and some of the metals 
bound by hydralazine and calcium; and (3) because of 
the recent report of a strong positive correlation 
between blood lead and blood pressure levels in the 
National Health and Nutrition Examination Survey 
sample of the U.S. population—in which a negative 
correlation with zinc raised the possibility of cad- 
mium involvement.!! 

Because of the chelating properties of vasodilators, 
the effect of EDTA was tested in hypertensive ani- 
mals. A dramatic antihypertensive effect was ob- 
served.!* This led to the recognition that 2 ubiquitous 
nonessential trace metals, cadmium and lead, could 
induce something resembling human essential hyper- 
tension in rats. The doses required to induce hyper- 
tension were small and comparable to human environ- 
mental exposures.!? Large body burdens of these 2 
divalent metals in man might be expected to compete 
with calcium. Thus, cadmium and lead are possible 
contributors to human hypertension. The recently 
observed correlations from the National Health 
and Nutrition Examination Survey suggest further 
investigation. 


Toxicity 


The first 4 clinically effective antihypertensive 
agents produced major and unexpected toxic manifes- 
tations, emphasizing that long-term exposure to a 
drug with important effects on vital biologic functions 
is liable to produce unwanted effects as well. Hydral- 
azine toxicity was the first to be recognized. This drug 
induced an autoimmune lupus-like syndrome in as 
much as 10% of the exposed population. The incidence 
was related to the extent of exposure in the susceptible 
portion of the population. Confined to genetically con- 
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trolled “slow acetylators"!* and almost exclusively to 
whites, this syndrome was of particular interest be- 
cause its only recognized prodrome was normotension, 
which almost always persisted during the toxic phase 
and usually until symptoms had remitted.!? For some 
toxic patients, this normotension developed into com- 
plete asymptomatic remission that persisted into the 
posttoxic period when patients were entirely asymp- 
tomatic and apparently well.!* The remissions associ- 
ated with autoimmune toxicity to hydralazine were 
different from, and not to be confused with, the previ- 
ously described remissions associated with good con- 
trol of pressure and the associated gradual decrease in 


3 


medications. Under certain conditions (prolonged low _ 


hydralazine exposure after symptoms appeared), the 
remission rate in toxic patients approximated 5090.16 

Hexamethonium, a ganglioplegic agent, was initially 
assumed to have no effect other than inhibition of all 
autonomic function, making life miserable for the pa- 
tient, but in the process lowering his or her blood 
pressure. Hexamethonium, however, induced a fatal 
fibrinous pneumonitis characterized by extreme 
tachypnea without other symptoms in patients with 
malignant hypertension that had progressed to mini- 
mal azotemia.!’ This catastrophic response is still un- 
explained, but it does not evoke great concern, because 
hexamethonium is no longer used. 

The use of reserpine, the third type of effective 
antihypertensive drug to become available, showed 
that a prompt effect can be forced from a long-acting 
drug, but that the very large doses needed to do so 
brought major toxic effects as the drug accumulated. 
Before this was recognized, doses from 10 to 100 times 
larger than the largest oral doses recommended today 
(2.5 to 25 mg/day) were prescribed and caused major 
depression in many patients, requiring prolonged hos- 
pitalization in closed wards.!5!? Remembering these 
early psychoses, some physicians still hesitate to use 
reserpine. In today's doses, however, the drug is an 
effective adrenergic blocking agent, and its uniquely 
long half-life can be very helpful for patients who have 


difficulty remembering to take their medication. Al- | 


though reserpine is usually characterized as a relative- 
ly weak antihypertensive agent, in head-to-head com- 
parisons with other adrenergic blocking agents, it has 
always proved as good as, or better than, the competi- 
tion. Because it is long-acting and is usually given in 
excess (the usual daily dose is 0.25 mg, but 0.05 mg 
provides 80% of the antihypertensive effect), 1 or 2 
doses a week can provide a continuous antihyperten- 
sive effect. No other currently available agent, except 
perhaps guanethidine, is comparably long-acting. 
Chlorothiazide became available in the mid1950s. 
Alone, it is a weak antihypertensive agent that has 
little effect on severe hypertension. Chlorothiazide 
and related thiazides, do, however, markedly potenti- 
ate the antihypertensive effect of most other antihy- 
pertensive drugs and, in so doing, serve thewery im- 
portant function of decreasing adverse effects. Initial- 
ly, thiazide was considered to be without significant 
toxicity, which may very well be true; however, there is 
a recent suspicion that under certain ill-defined condi- 
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TABLE Ii Summary of Results from Veterans Administration Study?426:36 


Placebo Treated 
Patients Patients Ratio of 
———— CC Hypertensive to Therapeutic 
Total Patients Severity of Events/ 100 Events/ 100 Arteriosclerotic Efficacy 
(treated and placebo) Hypertension Patient Years Patient Years Events Ratio 
73 Severe (» 115 mm Hg) 23 1.6 2.1 14 
110 Moderate (105-114 mm Hg) 11 1.3 1.2 8.5 
84 Mild (90-104 mm Hg) 9.3 4.7 1.1 2.0* 


* Events that are not appropriately classified as either hypertensive or arteriosclerotic have been excluded, thus modifying the number of events 
and the therapeutic efficacy ratios slightly. The more rigidly derived therapeutic efficacy ratio, including all events, is only 1.5 for mild hypertensive 
subjects. 

The randomization process rendered the treated and untreated populations very similar in age, race and other characteristics. The last 4 
columns indicate frequencies of events as functions of the severity of hypertension for patients on placebo or active drugs, the ratio of 
hypertensive to arteriosclerotic events and the ratio of the event rate for placebo patients divided by the event rate for patients on an active drug. 


tions, its long-term use may dangerously deplete the 
body stores of potassium and thereby induce fatal 
arrhythmia in rare susceptible patients. At present the 
possibility that thiazides actually have this toxic capa- 
bility is nothing more than a suspicion; there is no 
proof. 

In addition to the possibility of rare but catastroph- 
ic toxicity, there is recent concern regarding wrong- 
way chemical changes associated with thiazides. In 
1976, the Veterans Administration-National Insti- 
tutes of Health Mild Hypertension Feasibility Trial 
was the first double-blind, placebo-controlled study to 
confirm the suspected thiazide-induced increase in to- 
tal cholesterol level.?9?! The observed effect was not 
large, and there is a real question about its clinical 
significance. The increase during thiazide treatment 
. averaged 5% from a pretreatment level of 200 mg%; it 
. was greater for those with a lower pretreatment level 
. and therefore for younger patients. The effect seemed 
. to persist with little change for at least 2 years. Unfor- 
. tunately, the increase did not include high-density 
lipoprotein cholesterol. Since this observation was 
made the effects of other antihypertensive agents on 
cholesterol have been studied in smaller series of pa- 
tients. The reports are inconsistent, but a variety of 
agents has been observed to induce similar slight in- 
creases in cholesterol??? Hydralazine, in contrast to 
most other antihypertensive agents, significantly and 
consistently lowers circulating cholesterol, and the ef- 
fect is sometimes much larger than the thiazide ef- 
fect.?? In addition to increasing total cholesterol by 
about 10 mg%, thiazide has also been observed to in- 
crease blood glucose by an average of 4.7 mg% and uric 
acid by an average of 1.4 mg%, and to decrease potassi- 
um by an average of 0.56 mEq/liter.24 There is no 
evidence, however, that any of these chemical effects 
is associated with an adverse clinical effect. 


The Framingham Study and Risk Factors 


In addition to what has been learned from antihy- 
pertensive agents, epidemiologic studies have added 
greatly to our understanding of the hypertensive pro- 
cess. The Framingham study?? provides our most use- 
ful insight into the natural history of untreated cardio- 
vascular disease. Almost 6,000 inhabitants of Fra- 
mingham, Massachusetts, enrolled in this study and 
were evaluated initially and then reevaluated biannu- 
ally for various cardiovascular risk factors. From this 


come our best data on the incidence of hypertensive 
and atherosclerotic complications, particularly myo- 
cardial infarction and stroke, as functions of what are 
now designated “risk factors". For a 50-year-old white 
man, the risk of myocardial infarction can vary by as 
much as 20-fold, depending on the presence or absence 
of 6 risk factors. Thus, the Framingham study quanti- 
tated the effect of common risk factors. 


Veterans Administration Study 
of the Benefits of Antihypertensive Treatment 


The next major advance came in 1970, with the 
report of a randomized, double-blind, placebo-con- 
trolled study showing that treatment lowered morbid- 
ity and mortality for patients with diastolic pressure 
7105 mm Hg.” This report dramatically changed our 
whole way of thinking about hypertension; before 
1970, many physicians were not enthusiastic about 
treating hypertension, because there was no proof of 
benefit. After 1970, effective treatment was consid- 
ered mandatory for a patient with diastolic pressure 
2105 mm Hg. 

'This Veterans Administration study makes a num- 
ber of other points; Table II presents the data for some 
of them. First, not unexpectedly, the untreated severe- 
ly hypertensive patients had twice as many hyperten- 
sive events as atherosclerotic events, whereas the un- 
treated mild hypertensive patients had equal numbers 
of hypertensive and atherosclerotic events. Second, 
without treatment, the morbid-event rate for the vet- 
eran population involved ranged from 23/100 patient 
years for severe hypertension to 9.3 for mild hyperten- 
sion. Third, with treatment, the comparable-event 
rates were 1.6 and 4.7 for severe and mild hyperten- 
sion, respectively. (The event rate for treated patients 
was higher for the mild hypertensive than for the se- 
vere hypertensive patients.) Finally, the “therapeutic 
efficacy ratio" ranged from 14 for severe hypertensives 
to 2 for mild hyertensives. Even with the small number 
of patients, “14” is obviously statistically significant, 
and so is “8.5” for moderate hypertension; however, 
“2” is not even close to being a significant value. 

Goal diastolic pressure: One other observation of 
great potential significance emerged from this study. 
It has been generally assumed that the lower the treat- 
ed diastolic pressure, the greater the benefit of treat- 
ment. For the treated veterans in this study, however, 


there was no relation between the degree of blood 
pressure control and the decrease in morbid events. 
Thus, partial control of diastolic pressure was just as 
good as maximal control. Approximately one-third of 
the actively treated patients had average treated dia- 
stolic pressures in the 70-mm Hg range, one-third in 
the 80-mm Hg range and one-third in the 90-mm Hg 
range. The annual morbid-event rate was 12% for the 
entire treated group and 12% for each of these 3 sub- 
groups.” In contrast, the annual morbid-event rate 
was 2770 for the entire group of placebo-treated pa- 
tients. Because the pretreatment diastolic pressures 
were similar for the 3 subgroups of actively treated 
patients, treatment produced an average fall in dia- 
stolic pressure of 27 mm Hg for the best controlled 
one-third compared with only 7 mm Hg for the worst 
controlled one-third of patients. Yet these 2 very dif- 
ferent falls in diastolic pressure were associated with 
the same morbid-event rate. T'his small data set sug- 
gests that nearly maximal benefit is attained with 
partial control. Alternatively, it is consistent with the 
“Multiple Risk Factor Intervention Trial (MRFIT) 
anomaly.'?8 


Primary Prevention of Myocardial Infarction 


Although by definition primary prevention of myo- 
cardial infarction is distinct from treatment of hyper- 
tension, the goal is obviously the same for both thera- 
peutic maneuvers. The British Practolol Study, which 
was discontinued because of serious toxicity, suggest- 
ed that there was benefit from 6 blockade and that it 
was unrelated to the antihypertensive effect, because 
it was limited to the normotensive cohort.?? The Nor- 
wegian Beta-Blocker Myocardial Infarction Study was 
the first to demonstrate clear protection against a sec- 
ond myocardial infarct, i.e., protection in very high 
risk patients. The difference in mortality between 
treatment and placebo appeared promptly and 
seemed to persist through the second year; the reduc- 
tion in mortality with 33 months of treatment was 
4590.9? Aside from a higher baseline rate of myocardial 
infarction and shorter persistence of the beneficial 
effect, the subsequent Beta-Blocker Heart Attack Tri- 
al in the U.S. and Canada produced a similar result.?! 

The Coronary Primary Prevention Trial of the Lip- 
id Research Clinics demonstrated that for middle- 
aged men with cholesterol levels above 265 mg% (the 
highest 5% of those with type II hyperlipoproteine- 
mia), the cholesterol-lowering drug cholestyramine 
decreased cardiovascular mortality;?? however, the ex- 
tent to which this result can be extrapolated to other 
groups, including those with lower cholesterol levels, 
remains uncertain. Thus, at minimum, it is reason- 
able to emphasize B blockade in lowering the blood 
pressure of hypertensive patients who are at high risk 
for myocardial infarction and to use cholesterol-low- 
ering measures for those with very high levels.?? 


The Benefits of Treating Mild Hypertension 


The Hypertension Detection and Follow-up Program 
(HDFP) was initiated shortly after the 1970 report of 
the Veterans Administration study; the goal was to 
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determine whether intensive treatment of hyperten- 
sion by special therapists with nearly unlimited funds 
and time could lower mortality more than “regular 
treatment,” which at that time was generally not 
intensive.” The HDFP was, therefore, not a double- 
blind study of treatment versus no treatment. None- 
theless, its results have been accepted by some as dem- 
onstrating great benefit by lowering the diastolic 
pressure of mildly hypertensive patients to the low 80- 
mm Hg range. The unusual design of HDFP and some 
of its unexplained findings raise questions about this 
interpretation. A 25% decrease in mortality between a 
special case group with average diastolic pressure of 
83.4 mm Hg and a regular care group with diastolic 
pressure of 87.8 mm Hg is much greater than has ever 
been suggested by any other data. It is also much 
greater than HDFP observed in patients with moder- 
ate and severe hypertension; in them, regular care was 
actually better for moderately and severely hyperten- 
sive white women and for severely hypertensive white 
men. In addition to this unexpected result, HDFP had 
more than twice the mortality of 4 other studies with 
which a World Health Organization Expert Commit- 
tee compared it;** this unexplainedly high mortality 
rate might have altered the blood pressure effect. 

The similarly designed MRFIT failed to confirm the 
HDFP benefit in mild hypertension and raised some 
questions of its own.?? In particular, the failure to 
demonstrate benefit raised the question of deleterious 
effects from intensive treatment. A MRFIT cohort of 
mild hypertensive subjects with electrocardiographic 
abnormalities was responsible for an excess of sudden 
deaths; it was this observation that first suggested that 
diuretic-induced hypokalemia might set the stage for 
fatal arrhythmia and sudden death in subjects with 
preexisting cardiac damage. 

In contrast to HDFP and MRFIT, the Australian 
National Blood Pressure Study was a randomized, 
double-blind, placebo-controlled trial that demon- 
strated benefit from controlling pretreatment diastol- 
ic pressures of 95 to 110 mm Hg; it did not accept 
subjects with diastolic pressures <95 mm Hg, and so 
does not contribute information on the benefit of 
treating such patients.” In sharp contrast to HFDP, 
the Australian study observed little or no benefit from 
lowering the diastolic pressure of those subjects it did 
treat to <95 mm Hg. Thus, although HDFP seemed to 
suggest benefit from lowering the diastolic pressure 
into the low 80-mm Hg range, the general trend of 
MRFIT and the Australian study suggests that treat- 
ment is not demonstrably helpful for subjects with 
diastolic pressures «95 mm Hg. 


Designed Drugs 

Captopril was designed to inhibit the converting 
enzyme that splits angiotensin I into angiotensin II.36 
Its use demonstrated the therapeutic efficacy of a spe- 
cifically designed enzyme inhibitor; howevef, it too 
raised some questions. Its antihypertensive effect was 
much more widespread than anticipated. It has been 
unexpectedly effective in low renin states when angio- 
tensin II is apparently not involved in the mainte- 
nance of hypertension. It has been suggested, as a 
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partial explanation, that inhibiting the converting en- 
zyme protects the vasodepressor nonapeptide, brady- 
kinin. 


Systolic Hypertension in the Elderly 


Although the Framingham study suggested that 
systolic pressure is as good as or better than diastolic 
pressure in predicting cardiovascular complications, 
treatment of isolated systolic hypertension, which is so 
common in the “elderly”, has only recently been seri- 
ously considered. Isolated systolic hypertension ap- 
pears in persons in their mid50s; by age 75 or 80, it 
involves one-fourth of the population. A recent feasi- 
bility trial, Systolic Hypertension in the Elderly Pro- 
gram (SHEP), addressed the practicality of a random- 
ized, double-blind, placebo-controlled trial to deter- 
mine whether treating isolated systolic hypertension 
would diminish morbidity and mortality and whether 
such treatment would influence the incidence of de- 
mentia and depression, a major problem in that age 
group. The feasibility trial determined that isolated 
systolic hypertension could be easily controlled, usual- 
ly with thiazides alone, and that there were no signifi- 
cant problems associated with treatment.?? Practical- 
ity having been demonstrated, a full-scale SHEP is 
just beginning. Thus, although no recommendations 
can be made at the moment, it seems likely that blood 
pressure can be lowered in the elderly and that there 
is no obvious danger in treating isolated systolic hy- 
pertension in this group; moreover, a definite answer 
on the advantages of such treatment will be available 
in a few years. 


Calcium Antagonists 


The most recent entrant into the field of antihyper- 
tensive agents—the calcium antagonists—holds great 
promise for the future. They attack the fundamental 
defect in hypertension—and, for the first time, we 
have some ideas as to how such agents might act. As to 
their eventual place in the antihypertensive armamen- 
tarium, we can only speculate at present, although 
theory suggests that it will be important.*® 

In summary, we have learned a lot and, in the pro- 
cess, have observed some major changes in a common 
underlying disease process and its treatment. We have 
watched malignant hypertension virtually disappear 
and mild hypertension replace it as the focus of our 
attention. We have watched the rates of myocardial 
infarction and stroke decrease. Now we must work at 
cure and, subsequently, on prevention. We have some 
evidence that both of these are possible, and some 
clues are beginning to emerge to suggest how we might 
approach the problem. 
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Age, Race, Blood Pressure and Renin: Predictors 
for Antihypertensive Treatment with Calcium Antagonists 
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Age, race, pretreatment blood pressure and plasma 
renin activity have been related to the antihyperten- 
sive response to calcium antagonists in studies that 
included 215 patients with mild to moderate essential 
hypertension. Adverse effects necessitated withdraw- 
al from therapy in about 10% of the patients. All 
calcium antagonists lowered blood pressure signifi- 
cantly and comparably without weight gain or reflex 
tachycardia. In a multiple linear regression analysis of 
138 white patients, age, pretreatment blood pressure 
and renin activity were of independent and significant 
predictive value for the antihypertensive response. 


Stratification of patients into 3 age groups disclosed a 
greater effect in patients older than 60 years com- 
pared with those between 40 and 60 years and those 
below 40 years, respectively (p <0.01). In 16 mid- 
dle-aged black patients, antihypertensive therapy 
with a calcium antagonist proved highly efficacious. 
Monotherapy with a calcium antagonist may become 
a first-line treatment for essential hypertension, par- 
ticularly in older patients who have low renin activity 
and possibly in black patients as well. 


(Am J Cardiol 1985;56:81H-85H) 





For more than 20 years calcium antagonists have been 
known to lower high blood pressure,'? but their use- 
fulness for the treatment of clinical hypertension has 
been recognized only recently.?* Their introduction 
into a treatment regimen for hypertension affords the 
advantage of the good safety record that these drugs 
have acquired in the treatment of ischemic and hyper- 
-= trophic obstructive heart disease as well as supraven- 
tricular arrhythmias. Calcium antagonists lower blood 
pressure by reducing elevated systemic vascular resis- 
tance.?? It has been postulated that these drugs might 
specifically influence a deranged calcium entry-de- 
pendent, cellular vasoconstrictor mechanism in hyper- 
tension.®’ Clinically, calcium antagonists are most ef- 
fective in older patients who often have low plasma 
renin activity. However, the number of patients stud- 
ied so far may not allow a generalization of these find- 
ings, and the relative impact of these factors is not 
clear because they are*interrelated. In the present 
analysis we reexamined the predictive value of age, pre- 
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treatment blood pressure and plasma renin activity 
for the antihypertensive response to calcium antago- 
nist monotherapy in patients with essential hyperten- 
sion. Because the incidence of low renin hypertension 
is known to be high in blacks,’ we also inves- 
tigated the antihypertensive efficacy of calcium 
antagonist therapy in black African patients. We 
then compared the antihypertensive potentials of 
various calcium antagonists. 


Patients and Methods 


Predictors of antihypertensive response: One hundred 
and fifty-three patients with essential hypertension (60 
women and 93 men, ranging in age from 18 to 85 years, mean 
age 42.2) from the Basel Hypertension Clinic participated in 
this prospective, placebo-controlled study. Previously un- 
treated patients (n = 40) received placebo tablets 2 times a 
day for 2 weeks. In patients who were already receiving 
therapy, treatment was discontinued and placebo tablets 
were given 2 times a day for 3 to 4 weeks. At the end of the 
placebo period, diastolic blood pressure (Korotkoff V) was 
2100 mm Hg after 10 minutes in the seated position in all 
patients. e 

Plasma renin activity was measured simultaneously_using 
a radioimmunoassay.? Blood pressure was measured with a 
standard mercury sphygmomanometer. Mean pressure was 
calculated as diastolic pressure plus one-third of the pulse 
pressure. Heart rate was counted from the radial pulse. 
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TABLE! Baseline Characteristics and Changes During Antihypertensive Therapy with Calcium Entry Blockers 


Nifedipine (n = 66) Nitrendipine (n = 29) Verapamil (n = 43) All (n = 138) 
Control Change Control Change Control Change Control Change 

Age (years) 52.2 + 1.6 52.1 + 2.0 52.9 + 2.2 52.4+ 1.0 
Blood pressure (mm Hg) 

Systolic 1704+25 —265.32% 2.5", 1682238 44+£28° 171425. —18.6243.1° 170: 1.4 | —22.8 4: 1.1 

Diastolic 106 + 1.0. -17.8 £ 1.2* 107i: 12 8+2.2* 108: 0.9 —14.9 + 1.6" 107406 —16.7 X 0.6 

Mean 127 £1.2 —20.3 + 1[5* | 128: 1.4 94+2.2* 129412 —-161419* 129 10.7 -—18.8 X 1.0 
Heart rate (beats/min) 76+ 1.2 0.7 £1.2 78+ 1.4 4 X 1.9 81413 —5.4 + 1.1! 78+0.5  —1.44 0.4 
Weight (kg) 81+ 2.1 0210.4 77.9423 710.2 B3 + 4.0 03404 81.2+2.4 0.1: 0.2 


Values are mean + standard error of the mean. 
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FIGURE 1. Linear relations between age, pretreatment plasma renin 
activity and blood pressure and antihypertensive response to calcium 
antagonists in essential hypertension. MBP — mean blood pressure; 
PRA = plasma renin activity; @ = nifedipine, n = 66; O = nitrendi- 
pine, n = 29; A = verapamil, n = 43. 
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0.01. 
t p «0.025 for comparison of verapamil effects versus those of nifedipine and nitrendipine. 


Antihypertensive effect, body weight and occurrence of 
adverse effects were assessed biweekly. If diastolic pressure 
remained >95 mm Hg, drug dosages were increased accord- 
ing to the therapeutic regimens that will be described. 

Seventy-eight patients (50 men and 28 women, ranging in 
age from 21 to 76 years, mean age 42.6) received nifedipine in 
20-mg tablets. Treatment was started with 20 mg, 2 times a 


day, and increased up to a maximum of 40 mg, 2 times a day. 


Treatment had to be discontinued within the first 4 weeks in 
12 patients because of adverse effects. Therefore, 66 patients 
receiving an average dose of 52 mg/day for an average of 93 
days were included in this analysis. 

Thirty-one patients (20 men and 11 women, ranging in age 
from 29 to 70 years, mean age 53) received the dihydropyri- 
dine derivative nitrendipine; a starting dose of 20 mg, 2 
times a day, was increased if needed to a maximum of 40 mg, 
2 times a day. Two patients in this group had to be with- 
drawn in the first 4 weeks because of adverse effects. Thus, 
results from 29 patients who were treated with a mean dose 
of 35 mg/day for an average of 90 days were included in the 
statistical analysis. 

Forty-four patients (23 men and 21 women, ranging in age 
from 20 to 85, mean age 53) were treated with verapamil 
given as a 120-mg, slow-release preparation.* Treatment was 
started with 120 mg, 2 times a day, and increased up to a 
maximum of 240 mg, 3 times a day. Treatment had to be 
discontinued after 2 weeks in 1 patient because of adverse 
effects. The remaining 43 patients were treated with an 
average dose of 427 mg/day for an average of 93 days. 

Comparison of antihypertensive efficacy: The antihy- 
pertensive efficacy of various calcium antagonists was com- 
pared in 46 patients. Following a 2-week placebo period, 
patients were given 1 calcium antagonist for 3 months, fol- 
lowed by another 2-week placebo period. Next, a different 
calcium antagonist was prescribed for an additional 3 
months. A comparison between verapamil (240 mg, 2 times 
day) and diltiazem (120 mg, 2 times a day) was made in 12 
patients and between nitrendipine (20 mg, 2 times a day) 
and verapamil (240 mg, 2 times a day) in 15 patients. Tiapa- 
mil (600 mg, 2 times a day) and verapamil (240 mg, 2 times a 
day) were compared in 9 patients, and nitrendipine (20 mg, 2 
times a day) and a new dihydropyridine derivative, PN 200- 
110 (Sandoz) (10 mg, 2 times a day), in 10 patients. 

Race and antihypertensive efficacy: Sixteen black pa- 
tients with essential hypertension from the Medifad Heart 
Center in Lagos, Nigeria (ranging in age from 37 to 59 years, 
mean age 48), were given placebo for 2 weeks followed by 20- 
mg nifedipine tablets 2 times a day for 6 weeks. Blood pres- 
sure was measured using a standard mercury sphygmoma- 
nometer with Korotkoff V taken as diastolic pressure. In 
these patients, blood pressure and heart rate were recorded 
in the supine position after 5 minutes of rest. 
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Statistical analysis: In order to analyze the impact of 
age, pretreatment blood pressure and plasma renin activity 
on the antihypertensive response to calcium antagonists in 
the first 153 patients, statistical evaluation was performed in 
the verapamil, nifedipine and nitrendipine groups separate- 
ly and combined, using 1-way analysis of variance, paired 
and unpaired t tests, linear and multiple linear regression as 
well as x? analysis. Intraindividual comparisons of the anti- 
hypertensive efficacy of the various calcium antagonists 
were performed by paired t test and linear regression analy- 
sis. Group statistics are shown as mean + standard error of 
the mean as an index of dispersion. 


Results 


Age, renin and blood pressure as predictors of 
antihypertensive response: The 3 calcium antago- 
nist treatment groups did not differ with respect to age 
and pretreatment characteristics (Table I). The ef- 
fects of treatment in the 3 groups were comparable but 
heart rate decreased in verapamil-treated patients 
and remained unchanged in the others. Weight did not 
change in any group. 

In an analysis of all patients, age and pretreatment 
blood pressure were directly related and plasma renin 
activity was inversely related to the antihypertensive 
effect of calcium antagonists (Fig. 1). Age and mean 
blood pressure were also inversely related to plasma 
renin activity (r = —0.36 and r = —0.25, p «0.01 for 
both). A multiple linear regression analysis between 
age, pretreatment blood pressure and plasma renin 
activity as independent variables and the fall of mean 
blood pressure during long-term therapy showed a 
significant multiple linear correlation (r — 0.49, p 
<0.001). All 3 variables had independent and signifi- 
cant effects on the antihypertensive response to calci- 
um antagonists, with pretreatment blood pressure ex- 
hibiting the strongest influence (F = 62.7, p «0.01) 
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FIGURE 2. Blood pressure responses 
to various calcium antagonists in 4 
groups of patients. Decreases of 
blood pressure observed with 1 com- 
pound were closely correlated with 
those observed after a crossover to a 
different drug. 
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and plasma renin activity the weakest influence (F = 
18.2, p <0.05). 

Although the linear correlation between age and 
response to calcium antagonists was rather weak (Fig. 
1), older patients seemed to respond better to calcium 


entry blockers. When divided into 3 age groups, pa- _ 


tients older than 60 years had, on the average, a great- 
er blood pressure reduction compared with those be- 
tween 40 and 60 years and those younger than 40 years 
(p <0.01, analysis of variance). When considering a 
diastolic pressure <95 mm Hg during therapy as nor- 
mal, 94% of patients older than 60 years normalized 
their blood pressure compared with 50% of middle- 
aged patients and 28% of younger patients (p <0.01, 
x^). 

Nifedipine caused adverse effects necessitating dis- 
continuation of treatment in 12 patients within the 
first 4 weeks: 11 patients had flushing, severe head- 
aches and migraine attacks and 1 patient had ankle 
edema. An additional 3 patients complained of head- 
aches early during therapy and 7 patients noticed mi- 
nor degrees of ankle edema. Verapamil monotherapy 
caused constipation in 5 patients, leading to withdraw- 
al from therapy in 1. Nitrendipine was discontinued in 
1 patient because of headache and ankle edema. Two 
other patients complained of hot legs, and 1 patient 
had a minor degree of ankle edema. There was no 
obvious relation between the occurrence of adverse 
effects and the patients' age or sex. 

Intraindividual comparisons of different types 
of calcium antagonists: All calcium antagonists used 
in this study lowered blood pressure to a similar extent 
in the 4 crossover treatment groups. The comparabil- 
ity of their effects on blood pressure is further demon- 
strated by the close correlations observed between the 
reductions in blood pressure associated with the vari- 
ous drugs in these experiments (Fig. 2). 


Nitrendipine 2x20mg/d 


Verapamil 
2x240 mg/d 





PN 200-110 
2110mg/d 


bl 


84H — A SYMPOSIUM: KULE Ur VALUIUM CNITYT-DLEVAZNITWA L/DANIO IN Henini eee ae ————— 


Antihypertensive efficacy of nifedipine in black 
patients: Nifedipine was well tolerated in 16 black 
African patients. However, it was of interest that 5 
patients reported polyuria as a minor adverse effect. 
- As shown in Figure 3, blood pressure was reduced 
markedly and significantly (mean pressure 136.8 + 2.2 
vs 94.2 + 1.39 mm Hg, p «0.001) without significant 
changes in heart rate (75 + 1.9 vs 79.9 + 1.7) or weight 
(71.9 + 3.1 vs 70.8 + 3.1 kg). 

Discussion 

These analyses confirm the efficacy of different cal- 
cium antagonists in the monotherapy of patients with 
mild to moderate essential hypertension.!-* All drugs 
used in this study proved to be equally efficacious in 
both group and intraindividual comparisons. Howev- 
er, the dihydropyridine derivatives nifedipine and ni- 
trendipine caused somewhat more adverse effects 
than did verapamil. Our experience with diltiazem is 
small but a low incidence of adverse effects has been 
reported for this drug. Verapamil and diltiazem, 
however, should be used with caution in patients with 
sinus or atrioventricular nodal dysfunction or severely 
impaired cardiac contractility. Thus, better tolerated 
calcium antagonists without adverse effects on the 
heart are still needed. In dihydropyridine-treated pa- 
tients, the antihypertensive effect was sustained over 
a mean observation period of 3 months without evi- 
dence of volume retention or reflex tachycardia, while 
the decrease in heart rate in verapamil-treated pa- 
tients was probably due to the drug's negative chrono- 
. tropic effects. The constellation of unchanged heart 
- rate and absence of volume retention may explain why 
— calcium antagonists remain effective during long-term 
monotherapy of hypertension. The mechanisms be- 
hind these findings are not apparent from our study 
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FIGURE 3. Response of blood pressure to nifedipine therapy in 16 
black African essential hypertensive patients. SD — standard devi- 
ation. 
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but a diuretic effect,!! interference with the renin- 
angiotensin-aldosterone system,!? resetting of arteri- 
al baroreflexes? and interference with sympathetic 
mechanisms!?!4 must be considered. 

Age, pretreatment blood pressure and plasma renin 
activity had significant and independent predictive 
effects with respect to the antihypertensive efficacy of 
calcium antagonists. However, none of the linear cor- 
relations at first seemed sufficiently close to be of help 
in guiding the clinical use of calcium antagonists in 
patients with hypertension. In particular, the correla- 
tion between pretreatment blood pressure and antihy- 
pertensive response is not unique to calcium antago- 
nists; it applies to other antihypertensive drugs as 
well.!* 

Despite the weak linear relation between patient age 
and antihypertensive effect of calcium entry blockers, 
age nevertheless seems to be the most useful predictor 
of response to calcium antagonists. Thus, patients old- 
er than 60 almost uniformly showed a considerable 
decrease in blood pressure. Not only did older subjects 
show a greater average fall in blood pressure, but also a 
significantly greater proportion of them had normal- 
ized diastolic pressure compared with the other pa- 
tients. We can only speculate about the reason for this 
good response. Reduced baroreflex sensitivity is 
known to occur with older age and hypertension.!6 
Therefore, arterial vasodilatation and decrease in 
blood pressure might lead to less reflex stimulation, 
which could enhance the antihypertensive action of a 
calcium antagonist. Pharmacokinetic differences such 
as increased bioavailability in older patients could also 
play a role, but the potential importance of these fac- 
tors remains to be defined. 

It is also of interest in this context that patients with 
low renin activity and black patients seemed to re- 
spond particularly well to calcium antagonists. Black 
patients are known to have a high incidence of low 
renin hypertension? and this subset of patients is also 
characterized by poor counterregulatory mecha- 
nisms;!? both of these findings could serve to explain 
our clinical observations. However, confirmatory ex- 
perience is needed before calcium antagonists can be 
widely recommended in black patients. 

It is also noteworthy that the incidence of adverse 
effects in older patients was similar to that in younger 
patients. Diuretics have often been used in older low 
renin patients!? and in black patients,!? but the wide- 
spread use of these drugs has been clouded by the 
suggestion of increased cardiovascular mortality, as 
well as other adverse effects, despite satisfactory blood 
pressure control.?? Calcium antagonists might thus be 
an attractive alternative to diuretics for treatment of 
hypertension in older low renin patients and in black 
patients as well. : 
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Effects of Diltiazem on Serum Lipids, Exercise Performance 
and Blood Pressure: Randomized, Double-Blind, 
Placebo-Controlled Evaluation for Systemic Hypertension 


PETER E. POOL, MD, SHIRLEY C. SEAGREN, BA, and ANTONE F. SALEL, MD, 
with the statistical assistance of M. LORIE SKALLAND, MS 





Treatment of hypertension with diuretics, 6 blockers 
and a blockers may be associated with adverse ef- 
fects on exercise performance, serum lipids and blood 
chemistries, as well as with orthostatic effects and 
fluid retention. A randomized, double-blind, placebo- 
controlled trial of a sustained-release preparation of 
diltiazem as sole therapy for moderate essential hy- 
pertension was conducted. Diltiazem was adminis- 
tered 2 times a day (360 mg/day) to 16 patients and 
placebo to 14 patients in a 12-week study. Average 
supine blood pressure with diltiazem therapy fell from 
161/100 to 144/87 mm Hg without fluid retention or 
orthostatic effects. In an open-label study, patients 
from the placebo and diltiazem groups continued with 
diltiazem therapy. At an average of over 8 months, 
supine blood pressure on diltiazem was 147/88 mm 
Hg, and after withdrawal to single-blind placebo, aver- 
age supine blood pressure increased to 173/104 mm 
Hg. All changes were significant compared with base- 


The antihypertensive effects of calcium-channel 
blockers have been well known for years,! but until 
recently, their therapeutic role has been considered 
secondary.” A growing realization of the potential ad- 
verse effects of the most common first-line agents—f 
blockers and diuretics?—and new knowledge of the 
role of calcium in hypertension? have led to the consid- 
eration of calcium-channel blockers as first-line thera- 
py. As the stepped-care approach to hypertension is 
abandoned, the potential advantages of calcium-chan- 
nel blockers over diuretics and 8 blockers should be 
considered. 
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line and placebo (p <0.01). On diltiazem therapy, 
maximal treadmill exercise was increased by an aver- 
age of 55 seconds (p <0.01), whereas heart rate, 
blood pressure and double product (heart rate X 
blood pressure) were reduced at submaximal exer- 
cise, and heart rate and double product were reduced 
at maximal exercise. No changes in serum glucose, 
potassium or uric acid were found. No adverse effects 
on serum lipids occurred. Diltiazem treatment was 
associated with an increase in high-density lipoprotein 
cholesterol (52 to 60 mg/dl, p <0.006) and a de- 
crease in total cholesterol:high-density lipoprotein 
cholesterol ratio (4.7 to 4.2, p <0.05). Adverse reac- 
tions to diltiazem were not severe, and only modestly 
greater than adverse reactions to placebo. Thus, dil- 
tiazem is an acceptable monotherapy in moderate 
essential hypertension with certain significant advan- 
tages over diuretics and 6 blockers. 

(Am J Cardiol 1985;56:86H-91H) 


This study investigated, in a prospective, random- 
ized, double-blind, placebo-controlled parallel trial, 
the effects of diltiazem as sole therapy in the treat- 
ment of moderate essential hypertension. Special at- 
tention was given to diltiazem’s efficacy, both short 
and long term, its orthostatic effects and tolerability, 
its effects on blood chemistries, especially serum lip- 
ids, and its effects on exercise performance. 


Methods 


The protocol was approved by this institution’s Human 
Research Committee, and each patient consented in writing 
to participate in the study. 

Design: All patients entering the study were required to 
have essential hypertension—defined as a stable resting su- 
pine diastolic pressure between 95 and 110 mm Hg. All 
patients were withdrawn from any prior antihypertensive 
medication for at least 2 weeks and were placed on single- 


blind placebo. After 7 to 10 days on placebo, the patients 
began a series of weekly visits, during which resting supine 
pressures were obtained; the average of 3 measurements was 
recorded as the pressure at each visit. For a subject to quali- 
fy, his or her resting supine diastolic pressure on 2 consecu- 
tive weekly visits had to be between 95 and 110 mm Hg and 
could not vary by more than 7 mm Hg between visits. The 
average of these 2 visits was used as baseline. Patients re- 
quiring more than 4 weeks for stabilization were consid- 
ered labile and they were excluded. Patients were also excluded 
if they had other significant disease, sick sinus syndrome or 
greater than first-degree atrioventricular block. No patient 
was allowed to take any concomitant medication known 
to affect blood pressure, including oral contraceptives and 
psychotropics. 

After baseline was established, each patient underwent 
dose titration with 1 capsule 2 times a day for the first 2 
weeks, then 2 capsules 2 times a day for the second 2 weeks 
and 3 capsules 2 times a day for the third 2 weeks, if required. 
For those patients randomized to diltiazem, this made the 
daily dose 120, 240 and 360 mg, respectively, of the sus- 
tained-release preparation. Dosing continued upward until a 
10% or greater reduction in diastolic pressure was achieved 
or until the highest dosage was reached. After a further 4- 
week administration period, a final evaluation was made 
(week 12). Electrocardiograms, routine hematologic studies, 
chemistry analysis and urinalysis were performed prestudy, 
at end of titration and at week 12. 

After week 12, patients on diltiazem were allowed to con- 
tinue on open-label diltiazem for an additional 10-month 
period, while those on placebo were allowed to begin titra- 
tion and maintenance of open-label diltiazem. At the end of 
10 months, a single-blind placebo withdrawal period was 
used to evaluate continuing blood pressure control. Patients 
on placebo were observed at 2-week intervals until supine 
diastolic blood pressure was >95 mm Hg, and 1 week after 
this they had another follow-up visit. 

Measurements of blood pressure and heart rate: Pa- 
tients were evaluated in the morning, 10 to 14 hours after 
their last dose of medication. They were asked to refrain 
from smoking or using caffeine-containing beverages before 
their visit and had been fasting for at least 2 hours. Measure- 
ments were made using the same arm and usually by the 
same person. Systolic and diastolic blood pressure were de- 
termined by phase I and V of the Korotkov sounds. Supine 
pressures were recorded after 10 minutes of rest with the 
arm positioned at the patient’s side. Standing pressures were 
measured with the arm horizontal at the level of the fourth 
intercostal space at the sternum. Both supine and 5-minute 
standing pressures were based on an average of 3 determina- 
tions taken at least 1 minute apart. Pulses were counted for 
30 seconds after the final pressure determination of a set. 
Immediate standing pressure was a single determination. 

Exercise testing: Patients underwent exercise testing ac- 
cording to the Bruce protocol‘ at the prestudy visit (a “train- 
ing” test), at the end of the placebo run-in (baseline), at the 
end of the titration period and at the end of the study (week 
12). Blood pressure, heart rate, double product and ST 
change (V; and aVF) were obtained during the last 30 sec- 
onds of each 3-minute stage, at end of exercise and twice 
during recovery. Maximal exercise measurements were de- 
termined at the end of exercise. 

Submaximal measurements were made at the end of the 
stage before the last stage of exercise during which more 
than 60 seconds of exercise occurred. If the patient failed to 
exercise 60 seconds into stage 2, the end of stage 1 was used 
as submaximal exercise. 

Measurement of serum lipids: Serum lipid fractions 
were assessed by quantitating total cholesterol,® high-densi- 
ty lipoprotein (HDL) cholesterol, low-density lipoprotein 
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cholesterol, very low-density lipoprotein cholesterol, the to- 
tal cholesterol: HDL cholesterol ratio and total triglycerides? 
at the prestudy visit (baseline), at end of titration and at end 
of week 12. Additional assessments were made at the end of 
long-term observation. All samples were drawn after a 14- 
hour fast. 

Subjects: Fifty patients met the initial entry criteria and 
were enrolled in the placebo run-in after randomization (Ta- 
ble I). Thirteen of these (8 placebo and 5 diltiazem) failed to 
qualify during run-in, 1 patient in the diltiazem group re- 
quested withdrawal during this stage and 2 (1 in each group) 
were dropped for adverse reactions to placebo. Four patients 
(2 in each group) completed the entire trial and were found 
in retrospect not to have met stability criteria. They are 
treated in a separate analysis. The remaining 30 patients (14 
placebo and 16 diltiazem) were analyzed in the parallel por- 
tion of the blood pressure data. These patients, plus the 4 
just mentioned who completed the entire trial, constitute 
the patients in the analyses on exercise and adverse reac- 
tions. The same group, less 1 placebo patient who was ex- 
cluded because of familial hyperlipidemia, constitutes the 
patients in the short-term lipid analysis. After the 12-week 
trial, 14 placebo patients began to take diltiazem, and they, 
together with 12 of the original diltiazem patients, are those 
analyzed in the long-term blood pressure trial. The long- 
term lipid analysis included the 33 patients from the short- 
term trial (with some of those on placebo beginning to take 
diltiazem) minus 2 placebo patients, 1 of whom never took 
diltiazem and another of whom had no lipid determination 
on diltiazem. 

Statistical analysis: Demographic characteristics at 
baseline were compared using a x? test for sex, race and 
smoking characteristics and Student's t test for age, weight 
and duration of hypertension to validate the randomization 
process.? To determine whether the diltiazem group and the 
placebo group were comparable at baseline, Student's t tests 
were performed for each key parameter using only the base- 
line data. No significant differences were found for any pa- 
rameter, with the exception that the randomization pro- 
duced a significantly higher systolic and diastolic blood 
pressure in the placebo group both at submaximal and maxi- 
mal exercise. 

To determine whether diltiazem and placebo groups dif- 
fered significantly at other times during the study, split-plot 
analyses of variance were performed on the differences from 
baseline. If the treatment by evaluation interaction was not 
statistically significant (i.e., the 2 treatments were similar 
for the response from end of titration to end of the study), an 
overall statement about the treatment (diltiazem versus pla- 
cebo) could be made. For any parameters exhibiting treat- 
ment by evaluation interaction, Student's t tests were per- 
formed on the differences from baseline at each evaluation. 

To determine whether significant changes from baseline 
occurred at any evaluation for either treatment, 2-way ana- 
lyses of variance were performed by treatment for each pa- 
rameter in each position using the actual data. If the overall 
F test for the evaluation effect was significant at the 0.05 
level, Duncan's multiple comparison procedure was used to 
determine which evaluations differed significantly from 
baseline. 

The significance of diltiazem's long-term effects on blood 
pressure and lipid levels was determined by the paired t test, 
comparing the last observation with the baseline determina- 
tion for blood pressure and the prestudy value for tipids. 

Categorical analysis was performed by determining 
whether patients achieved the goal blood pressure reduction 
of 10% of baseline supine diastolic pressure. At each evalua- 
tion, a 1-tailed Fisher's exact test was performed to compare 
the percentage of diltiazem and placebo patients reaching 
goal.8 
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TABLE! Summary of Patient Demographics TABLE Ili Average Blood Pressure and Heart Rate (+ SE) 
Diltiazem (16) Placebo (14) " quie iue Study —Average 34.4 Weeks 
S 10M, 6 F 10M, 4F ———qRee Ee OO ge FR ee 
e (year + SE) 60 + 2 613 Baseline Last Observation p 
Race 15 white, 14 white S ; 
TO (n ed 164 4 4 147 £ 3 «0.0001 
; ; . upine ; 
PET ETEEM EI E rl Standing (5 min) 16544  — 14553 «0.0001 
ont cii a bae be si pl Dn 100 + 2 88-2 «0.0001 
Snok 1(+). 15 (— W+) 13 (— Standing (5 min) 102+ 2 88 + 2 <0.0001 
PONO (T. 1850) (Th toim) Heart Rate (beats/min): 
Hypertension duration (years) 16 2 14 3 Supine 67 +2 66 + 2 NS 
Standing (5 min) 7442 70+2 =0.032 


SE = standard error. 


NS = not significant; SE = standard error. 


TABLE li Average Blood Pressure and Heart Rate (+ SE) in the Controlled 12-Week 
Study in 30 Patients (16 Diltiazem [D], 14 Placebo [P]) 
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Baseline 
D P 

Systolic (mm Hg): 

Supine 165 +2 167 16 

Standing (5 min) 164015 168 + 6 
Diastolic (mm Hg): 

Supine 100 + 1 100 + 1 

Standing (5 min) 103 +1 102+ 2 
Heart rate (beats/min): 

Supine 64+ 2 69+3 

Standing (5 min) 69 +3 77+3 


* p <0.01 diltiazem versus placebo. 
T p <0.001 diltiazem versus placebo. 


End of Titration End of Week 12 

D P D P 
145 + 4t 169 16 144+ 5! 17127 
143 + 4* 166+ 6 149 + 5° 171+6 
86 + 2t 99 c 1 87 + 2! 101 :£ 3 
89 + 2! 100 3 88 + 2t 102 4: 3 
62 +2 71:13 62 2 70+3 
68+ 2 7623 70+2 75 X4 


SE — standard error; all blood pressures on diltiazem are significantly different from baseline, p 
«0.01; no blood pressure on placebo is significantly different from baseline; no heart rate is significantly 


changed from baseline on diltiazem or placebo. 


A final analysis was made to include the 4 patients who 
failed eligibility criteria but who received the drug through 
the double-blind portion of the protocol. The analysis yield- 
ed the same qualitative results. 


Results 


Demographics: The results of randomization of 
patients to diltiazem or placebo did not indicate any 
significant differences owing to sex, age, race, size, 
smoking history, concomitant diseases or duration of 
hypertension (Table I). Baseline blood pressure values 
(+ 1 standard error) in the group randomized to place- 
bo averaged 167 + 6/100 + 1 mm Hg supine, and 168 + 
6/102 + 2 mm Hg after standing for 5 minutes. These 
values did not differ from values of subjects random- 
ized to diltiazem, which averaged 165 + 2/100 + 1 mm 
Hg supine and 164 + 5/103 + 1 mm Hg standing. 

Dosage: For each patient, dosage was titrated for 
best response. All patients reached a daily dosage of 
360 mg of the sustained-release preparation of diltia- 
zem, which was given 2 times a day. 

Effects on blood pressure: Both systolic and dia- 
stolic blood pressure values were significantly reduced 
in patients treated with diltiazem compared with 
those receiving placebo. This was true for blood pres- 
sure faken in both the supine (p <0.001) and the 
standing (p <0.01) position at end of titration and at 
week 12 after 4 weeks of maintenance therapy at a 
constant dosage (Table II). 


Average supine blood pressure at end of titration 
and at week 12 in the placebo group was 169/99 and 
171/101 mm Hg, respectively. In those patients treat- 
ed with diltiazem, average supine blood pressure was 
145/86 at end of titration and 144/87 mm Hg at week 
12. Average standing blood pressure at end of titration 
and at week 12 was, in the placebo group, 166/100 and 
171/102 mm Hg, respectively, whereas in the group 
treated with diltiazem it was 143/89 and 149/88 mm 
Hg, respectively. 

Supine diastolic pressure was reduced 10% or more 
in 11 of 16 patients treated with diltiazem compared 
with 1 of 14 patients treated with placebo (p <0.0007) 
at end of titration. At week 12, 10 of 16 patients treat- 
ed with diltiazem showed a 1096 or more reduction of 
blood pressure, compared with 1 of 14 treated with 
placebo (p = 0.002). 

Long-term effects of diltiazem on blood pressure 
were evaluated in 26 patients—those randomized to 
diltiazem who continued on treatment after the medi- 
um-term study and those whp finished the medium- 
term study on placebo and were then placed on open- 
label diltiazem therapy. These subjects were followed 
for an average of 34.4 + 11.4 (standard deviation) 
weeks (Table III). At their last observation, these pa- 
tients had an average supine blood pressure of 147/88 
mm Hg, compared with their baseline value of 164/100 
mm Hg (p «0.0001). In the standing position, the last 
observation blood pressure was 145/88 mm Hg, com- 
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TABLE IV Exercise Data in the Controlled 12-Week Study in Diltiazem (D)- and Placebo (P)-Treated Patients 


Submaximal Exercise 





Baseline End of Week 12 Baseline End of Week 12 Submaximal Maximal 

Time (s) D — — 602 + 61 657 + 58 — «0.01 

P — — 674 + 47 692 + 44 — NS 
SBP (mm Hg) D 193+ 5 179+ 6 201+ 5 1914+ 5 <0.05 NS 

P 208+ 6 218+ 5 218+ 6 220+ 6 NS NS 
DBP (mm Hg) D 99+ 3 88+ 3 88+ 8 73+ 7 <0.01 NS 

P 104+ 2 103+ 3 88 di 7 77+ 9 NS NS 
HR (beats/min) D 137+ 5 120+ 5 158+ 5 145+ 5 <0.01 <0.01 

P 14434 3 139+ 4 164+ 3 164+ 4 NS NS 
DP X 100 D 266 + 13 222 + 15 317 + 12 279+ 11 «0.01 «0.01 

P 297 + 10 304 + 12 358 + 11 358+ 9 NS NS 
ST V5 (mm) D —0.3 + 0.2 —0.2 + 0.1 —0.6+0.3 —0.2 X 0.2 NS NS 

P —0.5 ż 0.3 —0.4 X 0.3 —0.8 t 0.3 —0.5 + 0.3 NS NS 
ST aVF (mm) D —0.5 + 0.2 —0.2 + 0.2 —0.7 £ 0.3 —0.2 + 0.2 «0.05 «0.01 

P —0.6 € 0.4 —0.3 t 0.4 —0.8 X 0.4 —0.5 3: 0.5 NS NS 
ED ih, Li EET LL. Dis MN EAE 1 2. a a ge UP REMO ENERO. D 


End of week 12 


Maximal Exercise (end) Versus Baseline 


SBP = systolic blood pressure; DBP = diastolic blood pressure; HR = heart rate; DP X 100 = double product (SBP X HR) X 100; ST Vs = ST- 
segment position in Vs; ST aVF = ST-segment position in aVF; NS = not significant. 

At maximal exercise, significant differences occurred between diltiazem and placebo in HR (p = 0.0004) and DP X 100 (p = 0.0004); at 
submaximal exercise, significant differences occurred between diltiazem and placebo in SBP (p <0.01), DBP (p <0.03), HR (p <0.0001) and DP X 


100 (p <0.0001). 


pared with a baseline value of 165/102 mm Hg (p 
<0.0001). 

To be certain that the amelioration in blood pres- 
sure observed long-term was not due to improvement 
in underlying disease, 12 patients were withdrawn to 
single-blind placebo after 10 months of open diltiazem 
administration. They were seen every 2 weeks until 
supine diastolic blood pressure was >95 mm Hg, and 
then observed again 1 week later. This blood pressure 
level was reached in 2 weeks by 7 patients, in 3 weeks 
by 1 (who was on vacation at 2 weeks), in 4 weeks by 2 
and in 6 weeks by 1. Average baseline supine pressure 
in this group was 173/104 mm Hg; at last diltiazem 
observation, it was 144/84 mm Hg; at an average of 2.6 
weeks after withdrawal, it was 172/100 mm Hg; and 1 
week later, it was 170/100. Standing pressure values 
followed a similar pattern. 

Effects on heart rate: No clinically significant 
changes in heart rate were produced by treatment with 
either placebo or diltiazem. A small, statistically sig- 
nificant (p = 0.032) decrease in heart rate was noted 
during the long-term study, in the standing position 
only, where the heart rate fell from an average of 74 to 
70 beats/min (Tables II and III). 

Orthostatic effects: Orthostatic effects on heart 
rate and blood pressure in patients treated with diltia- 
zem were compared with those in patients treated with 
placebo at the end of 12 weeks. A small and essentially 
identical drop in systolic pressure was noted in each 
group, with no change in diastolic pressure. In the 
placebo group, supine pressure fell from 171/101 to 
167/102 mm Hg immediately upon standing, whereas 
with diltiazem patients, the pressure fell from 144/87 
to 142/87 mm Hg. The reflex increase in heart rate was 
similar in both groups. 

Effects on exercise performance (Table IV): In 
the 12-week study, the maximum duration of exercise 
increased an average of 55 seconds in the diltiazem 
group (p <0.01) and 18 seconds in the placebo group 
(difference not significant) compared with baseline. 


TABLE V Average Serum Lipid Levels (+ SE) in the 
Controlled 12-Week Study (33 Patients, 18 
Diltiazem [D], 15 Placebo [P]) 


Baseline End of Week 12 p 

Cholesterol (mg/d) P 222+ 10 226+ 9 NS 

D 2945» 1 245+ 8 NS 

HDL (mg/dl) P 52 €-8 54+ 4 NS 
D 49+ 3 56+ 4 <0.05 

LDL (mg/dl) P 14549 146+ 8 NS 

DL 0% 7 164+ 6 NS 

VLDL (mg/dl) P 25 i 3 24+ 3 NS 

D 25+ 3 26+ 3 NS 

Cholesterol/HDL P 4.74+0.39 4.43 + 0.33 NS 

D 499+ 0.28 4.62 + 0.33 NS 

Triglycerides P. .126 2:16 118 + 18 NS 

D: 3120 € 18 120 + 13 NS 


HDL = high-density lipoprotein; LDL = low-density lipoprotein; 
VLDL = very low-density lipoprotein; NS = not significant; SE = 
standard error. 

No significant differences between diltiazem and placebo were 
found. 


However, the difference between the groups was not 
significant. Blood pressure, heart rate and double 
product (heart rate X blood pressure) were all signifi- 
cantly decreased by diltiazem at submaximal exercise, 
whereas only heart rate and double product were de- 
creased at maximal exercise. The differences from 
baseline values at maximal exercise were smaller than 
those at submaximal exercise. These same parameters, 
which were significantly different from baseline, were 
also significantly different from placebo (see Table 
IV). There was significantly less ST-segment depres- 
sion in lead aVF in the diltiazem group at end of week 
12 compared with baseline, both at submaximal and 
maximal exercise, but this difference was not signifi- 
cant compared with placebo, and its clinical signifi- 
cance is uncertain. $ 
Effects on serum lipids and blood chemistries: 
In the medium-term 12-week study (Table V), the 
only significant change in serum lipids was an increase 
in HDL cholesterol in the diltiazem group from 49 + 3 
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TABLE VI Average Serum Lipids (+ SE) in the 
Long-Term Study—Average 29.5 Weeks 
(31 Patients) 


Baseline Last Observation p 
Chloesterol (mg/dl) 221 b 6 233 47 NS 
HDL (mg/dl) 52t 3 60+ 3 <0.006 
LDL (mg/dl) 150+ 5 148 7 NS 
VLDL (mg/dl) 24+ 2 258+ 2 NS 
Cholesterol/HDL 4.7+0.2 4.2 10.2 «0.05 
Triglycerides (mg/dl) 120+ 12 126 + 11 NS 


Abbreviations as in Table V. 


to 56 + 4 mg/dl (p <0.05) between baseline and week 
12. Other changes that exceeded 5% in magnitude but 
that were not statistically significant were an increase 
in cholesterol from 231 to 245 mg/dl in the diltiazem 
. group and a fall in cholesterol: HDL ratio and triglyc- 
. erides in both groups. 

In the long-term study, which involved 31 patients 


— for an average of 29.5 weeks, HDL cholesterol in- 


creased from 52 + 3 to 60 + 3 mg/dl (p <0.006), and the 


cholesterol: HDL ratio decreased from 4.7 + 0.2 to 4.2 


— + 0.2 (p <0.05). No other changes greater than 5% in 
magnitude occurred (Table VI). No clinically or statis- 
tically significant changes were found in any analysis 
of serum glucose, creatinine, potassium or uric acid. 

Adverse reactions: Thirty-four patients complet- 
ed the medium-term 12-week study. Nine of the 16 
placebo patients reported a total of 22 adverse reac- 
tions; 12 of the 18 diltiazem patients reported a total of 
23 adverse reactions (Table VII). Only headache in the 
placebo group, and dizziness and edema in the diltia- 
zem group, were reported by more than 2 patients. 
Minor abnormalities in the laboratory values occurred 
equally in the diltiazem and placebo groups. 


Discussion 
We investigated the benefits of diltiazem as sole 


. therapy in moderate essential hypertension. Diuretics, 


B blockers and, to a lesser extent, a blockers have been 
used as initial therapy in hypertension in spite of sig- 
nificant adverse effects. Diuretics cause impotence, 
hypokalemia and adverse effects on serum lipids? and 
blood chemistries, as well as possible increased mor- 
tality in some groups.!? Beta blockers impair exercise 
performance!!!2 and some have adverse lipid ef- 
fects.!3:!4 Paradoxical pressor responses!? and a fairly 
high incidence of lack of response are also a problem in 
using 8 blockers, as are a number of diseases that 
contraindicate their use. The a blockers are limited in 
use because fluid retention, tachycardia and signifi- 
cant orthostatic effects may occur, as well as tachy- 
phylaxis when used as sole therapy. 

As shown in the present study, diltiazem does not 
share these adverse effects, in spite of the fact that 
upward dose titration was vigorous—up to à daily dos- 
age of 360 mg in all patients. The strict criteria for 
blood pressure stability in this study were reflected in 
the lack of placebo response both in terms of mean 
pressure change and attainment of goal response. In 
contrast, the diltiazem-treated patients showed a very 





TABLE VII Adverse Reactions During Controlled 12-Week 
Study (34 Patients, 18 Diltiazem [D], 16 





Placebo [P]) 

D P 

Dizziness 3 1 
Edema 3 0 
Asthenia 2 2 
Constipation 2 0 
Dyspnea 2 0 
Dyspepsia 2 0 
Nocturia 2 1 
Paresthesia 1 2 
Headache 1 4 
Nausea 0 2 
Insomnia 0 2 
Chest pain 0 2 
Other 5 6 
Total 23 22 


All adverse effects that occurred more than once in either the 
diltiazem or placebo group are listed, regardless of severity. Those 
occurring only once are listed under "other." 


acceptable response to treatment, with a decrease in 
average supine blood pressure from 165/100 to 144/87 
mm Hg over 12 weeks. At more than an average of 8 
months of treatment, average pressure remained at 
147/88 mm Hg, but when patients were withdrawn to 
single-blind placebo, average supine blood pressure 
rose from 144/84 to 170/100 mm Hg. 

Several studies!9-?? of exercise tolerance in hyper- 
tensive patients who were treated with various agents 
(diuretics, methyldopa and 8 blockers) until normo- 
tension was achieved found no significant decrease in 
exercise tolerance after treatment. Invasive stud- 
ies,!°!9 however, show that patients receiving 6 
blockers must compensate for decreased inotropy and 
chronotropy with an increase in stroke volume and 
arterial-mixed venous oxygen difference, an ability 
that decreases with age. Bruce et al!6 also showed that 
the exercise response to treatment was related to 
the underlying integrity of the recipient’s circulatory 
system. 

The studies just mentioned were conducted in pa- 
tients who were an average of 15 to 20 years younger 
than those in the present study. The diltiazem-treated 
group in our study significantly increased maximal 
exercise duration by 55 seconds (p <0.01), whereas the 
placebo group exercised an average of 18 seconds more 
than at baseline (difference not significant). The 
blunting in heart rate and pressor response to exercise 
in the diltiazem-treated patients was greater at sub- 
maximal than at maximal exercise. The fact that these 
patients could significantly increase their exercise per- 
formance at a mean age >60 years indicates that ino- 
tropy was not depressed and that normalized periph- 
eral resistance allowed a ready increase in the stroke 
volume. Thus, diltiazem appears to normalize the re- 
sponse to exercise (at least with regard to blood pres- 
sure) rather than impair it, and may tend to increase 
exercise tolerance in hypertensive patients as it does in 
those with angina.”! 

There were no adverse effects on serum glucose, 
potassium or uric acid levels such as those seen with 
diuretic administration. 


When patients are enrolled in any study of cardio- 
vascular disease, there are often subtle behavioral 
changes with regard to diet, exercise and other habits, 
which are difficult to control. However, it does appear 
that the use of diltiazem is associated with a signifi- 
cant increase in HDL cholesterol in this population. 
Whether this change is clinically beneficial remains to 
be seen. It is clear that the adverse lipid effects seen 
with diuretics and 8 blockers are not seen with diltia- 
zem. This may reflect a mechanism similar to that 
responsible for the potentially positive lipid effects of 
prazosin.?2:28 

Serious adverse reactions to diltiazem were not seen. 
In consonance with prior experience in the use of dil- 
tiazem for the treatment of angina,‘ adverse reactions 
to diltiazem were quantitatively not very different 
from those to placebo. Reactions that have been recog- 
nized as possibly associated with diltiazem, such as 
dizziness, edema, constipation and dyspepsia, were 
neither common nor severe. 

When compared with standard therapies for hyper- 
tension, such as diuretics and 8 blockers, diltiazem's 
major disadvantages are cost and the 2-times-a-day 
dosage regimen. There are, however, several major ad- 
vantages: diltiazem shows both short- and long-term 
effectiveness and is well tolerated; it does not impair 
exercise performance; it has no adverse effects on 
blood chemistries; it does not have an adverse effect, 
and may even have a positive effect, on serum lipids; 
and it does not cause orthostatic effects, fluid reten- 
tion or tachycardia. Thus, it can be concluded that 
diltiazem is an acceptable monotherapy in patients 
with moderate essential hypertension. 
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Diuretics Versus Calcium-Channel Blockers 
in Systemic Hypertension: A Preliminary 
Multicenter Experience with Hydrochlorothiazide 
and Sustained-Release Diltiazem 


WILLIAM H. FRISHMAN, MD, WALTER KIRKENDALL, MD, JOHN LUNN, MD, 
DAVID McCARRON, MD, MARVIN MOSER, MD, HAROLD SCHNAPER, MD, 
L. KENT SMITH, MD, JAMES SOWERS, MD, STEPHEN SWARTZ, MD, 
and EDWARD ZAWADA, MD 





The safety and efficacy of sustained-release diltiazem 
120 to 180 mg, 2 times a day, were compared with 
hydrochlorothiazide 25 to 50 mg, 2 times a day, and 
the combination of diltiazem and hydrochlorothiazide 
in 56 patients with mild to moderate hypertension 
(supine diastolic blood pressure between 95 and 114 
mm Hg) using a placebo-controlled, parallel-design 
protocol. Data from an additional 21 patients were 
evaluated for safety only. The data reported herein 
represent the preliminary experience from a larger 
200-patient multicenter study. All patients received 
placebo for 4 weeks, followed by either hydrochloro- 
thiazide or diltiazem titrated to achieve a diastolic 
blood pressure reduction of > 10 mm Hg to reach a 
goal supine diastolic blood pressure of <90 mm Hg. 
Patients not achieving the treatment goal received 
hydrochlorothiazide plus diltiazem. 

At week 14, on maintenance monotherapy, diltia- 
zem and hydrochlorothiazide produced comparable 
reductions in blood pressure from placebo baseline 
(160.3 + 24.3/101.7 + 5.5to 145.2 + 24.1/89.8 + 


7.4 mm Hg with diltiazem, 156.0 + 15.6/103.7 + 4.7 
to 134.1 + 12.5/89.2 + 9.5 mm Hg with hydrochlo- 
rothiazide, p «0.001 for both). Diltiazem and hydro- 
chlorothiazide achieved goal blood pressure in 42% 
and 4596 of patients, respectively. The effects in 
responders were sustained for 6 months. In patients 
who did not achieve the treatment goal, 63% re- 
sponded to diltiazem plus hydrochlorothiazide. No 
clinically significant postural hypotension was ob- 
served on any regimen. Heart rate was slightly lower 
with diltiazem than with hydrochlorothiazide. Adverse 
effects were minimal with diltiazem, hydrochlorothia- 
zide and diltiazem plus hydrochlorothiazide but more 
hypokalemia occurred with hydrochlorothiazide. 
Sustained-release diltiazem used twice daily pro- 
vided safe and effective therapy for mild to moderate 
hypertension when used alone or in combination with 
hydrochlorothiazide. As a monotherapy, sustained- 
release diltiazem is similar in efficacy to hydrochloro- 
thiazide. 
(Am J Cardiol 1985;56:92H-96H) 
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Calcium-channel blockers are a distinct group of com- 
pounds that interfere with the normal transmembrane 
flux of extracellular calcium, on which vascular tissue 
depends for contraction and impulse generation.! 
They reduce the contractile activity of the myocardi- 
um and promote coronary and systemic arterial dila- 
tion.! These hemodynamic effects provide the clinical 
rationale for the use of calcium-channel blockers in 
the management of ischemic heart disease! and hyper- 
trophic cardiomyopathy.? 

Because systemic arterial dilation can be expected 
to reduce elevated arterial blood pressure, there has 
been considerable enthusiasm for the use of calcium- 
channel blockers in the medical management of sys- 
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temic hypertension and hypertensive emergencies.?-? 
The effectiveness and safety of these drugs in the 
treatment of systemic hypertension have been clearly 
documented.?-95-1? The efficacy of nifedipine and ver- 
apamil appears comparable to that of oral diuretics in 
hypertension.?5?.1415 Tn this report, we describe a pre- 
liminary experience from a large multicenter trial de- 
signed to be the first well-controlled study comparing 
sustained-release diltiazem with hydrochlorothiazide 
in patients with systemic hypertension. 


Methods 


The data presented are based on a preliminary analysis of 
77 patients who are part of a 200-patient multicenter study 
still in progress. 

Patient selection: A total of 77 patients with mild to 
moderate systemic hypertension were enrolled after written 
and informed consent was obtained. Fifty-six patients were 
analyzed for safety and efficacy; 21 for safety only. The 
demographics of the 56-patient study group are listed in 
Table I. 

All patients who were entered had essential hypertension 
with a stable resting supine diastolic pressure between 95 
and 114 mm Hg while not taking medication. Potential pa- 
tients were seen before the study, and were entered into a 
placebo run-in screening phase after all previously adminis- 
tered antihypertensive medication had been stopped for at 
least 2 weeks. For entry, stable resting supine diastolic pres- 
sures (each recorded pressure was the averge of 3 readings 
using Korotkov phase V) between 95 and 114 mm Hg and 
varying by < +7 mm Hg were required on 2 consecutive 
weekly visits starting with days 7 to 10 of the placebo run-in 
screening. If a patient needed more than 4 weeks to stabilize, 
he or she was considered labile and excluded from further 
study participation. 

Patients with the following conditions were excluded from 
the study: significant cardiovascular disease other than es- 
sential hypertension, impaired renal function, greater than 
first-degree heart block, sick sinus syndrome, known abuse 
of alcohol or drugs, pregnancy and known hypersensitivity 
to thiazides or other sulfonamide-derived drugs. 

Experimental design: The design of the multicenter trial 
is shown in Figure 1. A single-blind, placebo run-in screening 
of at least 2 weeks was used to establish baseline pressures. 
Eligible patients were then randomized to treatment with 
hydrochlorothiazide or sustained-release diltiazem in a dou- 
ble-blind, parallel fashion, using the double-dummy tech- 
nique. A titration period of up to 2 months then commenced; 
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FIGURE 1. Study design for a.multi- HCTZ 
. center comparison of hydrochlorothi- 
azide (HCTZ) and sustained-release 


diltiazem (DTZ). 
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TABLE! Demographic Summary 
Diltiazem Hydrochlorothiazide 
(n = 26) (n = 30) 

Sex 

Men 15 21 

Women 11 9 
Age (years) 55 + 10 56 + 10 
Race 

Black 12 14 

Other 14 16 
Height (inches) 

Men 70+3 69+2 

Women 64+ 4 64+ 2 
Weight (pounds) 

Men 221+ 50 196 + 29 

Women 167 + 33 160 + 29 
Smokers 

Yes 4 7 

No 22 23 
Duration of hypertension (years) 11+ 8 118 


patients were given increasing doses of study medications 
(240 to 360 mg/day diltiazem; 50 to 100 mg/day hydrochloro- 
thiazide, each in 2 divided doses) until optimal response was 
reached. Optimal response was either a reduction in supine 
diastolic blood pressure to <90 mm Hg or a reduction of at 
least 10 mm Hg for those patients with baseline pressures of 
95 to 99 mm Hg. Upon achievement of the optimal response, 
patients entered an evaluation period for 4 weeks. Patients 
who achieved and maintained goal pressure reduction with 
the initial medication remained on that medication and were 
seen monthly for 3 months. 

After the evaluation period, any patient who had not 
achieved and maintained the goal diastolic blood pressure 
received the other medication in unblinded fashion (titrated 
to optimum over a 2-month period) in addition to the initial 
medication. Upon reaching the optimal dose of the second 
medication, patients were followed for an additional 1 to 2 
months to assess the safety and effectiveness of the combi- 
nation therapy. 

Methods of observation: Resting supine, immediate and 
5-minute standing blood pressures were measured 10 to 12 
hours after the last dose of medication and before the next 
dose. Safety was monitored during the placebo and active 
treatment phases with adverse-effect profiling, electrocar- 
diograms, complete blood counts and blood chemistries. 

Statistical analysis: The experiment was designed with 
stratification by investigator to detect and adjust for any 
investigator differences in the treatment comparisons. How- 
ever, because of the imbalance of patient and treatment 
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TABLE II Mean (+ Standard Deviation) Supine Blood Pressure and Heart Rate on 
Monotherapy (All Patients) (p Values Versus Baseline) 


End of Monotherapy Titration 
Baseline (Week 10) Week 14 
Diltiazem HCTZ Diltiazem HCTZ Diltiazem HCTZ 
(n = 26) (n = 29) (n = 26) (n = 29) (n = 26) (n = 29) 
SBP (mm Hg)* 1604+ 24 156416 145 + 23 136 + 13 145 + 24 134+ 13 
= 0.0001 p=0.0001 p=0.0008 p= 0.0001 
DBP (mm Hg)* 102+6 10445 89+7 1+7 90+7 89 + 10 
= 0.0001 p=0.0001 p= 0.0001 p= 0.0001 
MAP (mm Hg)* 121411 12128 107+ 11 106+ 8 108 + 12 104+ 10 
= 0.0001 p= 0.0001 p=0.0001 p= 0.0001 
HR (beats/min)* 7649 73 7 7149 72 X10 69 + 10 71 X10 
p = 0.0069 NS p = 0.0088 NS 


DBP = diastolic blood pressure; HCTZ = hydrochlorothiazide; HR = heart rate; MAP = mean arterial 
pressure; NS = not significant; SBP = systolic blood pressure. 


TABLE Ill Mean (+ Standard Deviation) Changes in Supine Blood Pressure and Heart 
Rate from Baseline on Monotherapy (All Patients) (p Values Versus 


Therapies) 
so LLL EMail ttti 
End Monotherapy Titration 
(Week 10) — Baseline Week 14 — Baseline 
Diltiazem HCTZ Diltiazem HCTZ 
(n — 26) (n = 29) (n = 26) (n = 29) Overall p Value* 
SBP (mm Hg) —15 £ 14 —91 4 1/ —15 + 20 —22 + 18 NS 
DBP (mm Hg) —13 £7 —13 +7 —12+8 —14 db 11 NS 
MAP (mm Hg) —14 8 —16 + 10 —13 + 11 —17 = 12 NS 
HR (beats/min) —-541-8 —0.3 i 9 —7 + 12 —L R7 0.0348 


Abbreviations as in Table ll. 


* Overall differences between diltiazem and HCTZ therapies. 


groups among the various participating medical centers re- 
sulting from the interim data, we have simply pooled the 
sites for this analysis. We have avoided comparison of groups 
that achieved goal diastolic blood pressure on monotherapy 
with groups that did not achieve goal on combined therapy 
because of possible confusion in interpretation due to the 
different selection processes of these groups. 

Baseline comparisons were made to test for differences in 
the treatment groups. For the parameters of sex, race, age, 
classification and smoking status, Fisher's exact test for 2 X 
2 tables was used. For the parameters of duration of hyper- 
tension, diastolic blood pressure, systolic blood pressure, 
mean arterial pressure and heart rate, a t test for indepen- 
dent samples was used. 

Fisher's exact test for independence using 2 X 2 tables was 
used to analyze diastolic blood pressure goal achievement by 
comparing (1) diltiazem with hydrochlorothiazide at week 
14, (2) diltiazem blood pressure-goal achievers on monother- 
apy with hydrochlorothiazide-goal achievers on monother- 
apy at week 26 and (3) diltiazem-non-goal achievers on com- 
bined therapy with hydrochlorothiazide-non-goal achievers 
on combined therapy at week 26. 

The t tests were then used to analyze the mean change by 
treatment in supine, immediate and 5-minute standing sys- 
tolic and diastolic blood pressures, mean arterial pressure 
and heart rate. Analysis-of-variance methods, accounting 
for between- and within-patient variability, were used to 
compare. (1) diltiazem with hydrochlorothiazide up to week 
14, (2) diltiazem-goal achievers on monotherapy with hydro- 
chlorothiazide-goal achievers on monotherapy over weeks 
14, 18, 22 and 26 and (3) diltiazem-non-goal achievers on 
combined therapy with hydrochlorothiazide-non-goal 
achievers on combined therapy over weeks 14, 22 and 26. 


Comparisons between hydrochlorothiazide and diltiazem 
were made dependent on a check for treatment-by-evalua- 
tion interaction. If the interaction was significant, compari- 
sons were made and reported at each evaluation. If the 
interaction was not significant, an overall treatment main- 
effect comparison, which averages over evaluations, was re- 
ported. In addition, a covariance analysis on the week 14 
data was used to check for response differences because of 
other identifiable factors, including age and race. 

To evaluate the potential for postural hypotension, differ- 
ences between immediate standing and resting supine sys- 
tolic and diastolic blood pressures, mean arterial pressure 
and heart rate were examined. Analysis-of-variance tests of 
these differences were used to compare (1) diltiazem with 
hydrochlorothiazide over baseline and week 14, (2) diltia- 
zem-goal achievers on monotherapy with hydrochlorothia- 
zide-goal achievers on monotherapy over weeks 14 and 26 
and (3) diltiazem-non-goal achievers on combined therapy 
over weeks 14 and 26. These evaluations were made for each 
group in total, as well as for subsets of each group based on 
age. 


Results 


A total of 77 patients were enrolled; 56 could be 
evaluated for both safety and efficacy. The other 21 
patients could not be analyzed for the following rea- 
sons: inability to tolerate medications (7); noncompli- 
ance with dosing instructions (7); and withdrawals for 
other reasons, including protocol violations and other 
illness (7). The data from these patients are included 
in the safety analysis. 
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TABLE IV Mean (+ Standard Deviation) Immediate Standing Blood Pressure and Heart 
Rate on Monotherapy (All Patients) (p Values Versus Baseline) 


End of Monotherapy Titration 


Baseline (Week 10) Week 14 
Diltiazem HCTZ Diltiazem HCTZ Diltiazem HCTZ 
(n = 26) (n = 30) (n = 26) (n = 30) (n = 26) (n = 30) 
SBP (mm Hg)* 159125 150412 141415 129 + 17 138 + 23 127 +18 
= 0.0001 p=0.0001 p= 0.0008 p= 0.0001 
DBP (mm Hg)* 102r 7 104 t7 88 +9 90+ 13 86 + 8 90+ 14 
= 0.0001 p=0.0001 p= 0.0001 p= 0.0001 
MAP (mm Hg)* 121413 119+7 106+ 8 103 + 13 103 + 11 102 + 14 
= 0.0001 p= 0.0001 p= 0.0001 p= 0.0001 
HR (beats/min)* 81+9 78+ 8 78+ 10 82+ 8 6+ 13 76+ 12 
NS p = 0.0152 p = 0.0208 NS 


Abbreviations as in Table Il. 
* No statistical intergroup differences at baseline 


TABLE V Mean (+ Standard Deviation) 5-Minute Standing Blood Pressure and Heart 
Rate on Monotherapy (All Patients) (p Values Versus Baseline) 


End of Monotherapy Titration 


Baseline (Week 10) Week 14 
Diltiazem HCTZ Diltiazem HCTZ Diltiazem HCTZ 
(n = 26) (n = 29) (n = 26) (n = 29) (n = 26) (n = 29) 
SBP (mm Hg)* 157 £23 157 18 141+ 19 136 + 15 142+ 19 131 +16 
p=0.0001 p= 0.0001 p= 0.0001 p= 0.0001 
DBP (mm Hg)* 104 +8 106 8 9218 94 9 88 t9 91 € 12 
= 0.0001 p= 0.0001 p= 0.0001 p= 0.0001 
MAP (mm Hg)* 122412 = 1284 10 108 + 10 108 + 10 106 + 10 104+ 12 
= 0.0001 p=0.0001 p=0.0001 p= 0.0001 
HR (beats/min)* 83 +9 7849 77 49 TE 25k 10 79 E 11 
p — 0.0008 NS p = 0.0016 NS 





Abbreviations as in Table Il. 


* No statistical intergroup differences at baseline 


Blood pressure and heart rate: Both diltiazem 
and hydrochlorothiazide caused a significant reduc- 
tion in systolic and diastolic blood pressures at week 
10 (end of titration) and at week 14 (end of mainte- 
nance). The data for supine, immediate and 5-minute 
standing systolic, diastolic and mean blood pressures 
and heart rate are shown in Tables II through V. At 
week 14, the mean daily dose of diltiazem was 326 mg; 
for hydrochlorothiazide it was 79 mg. 

The ability of diltiazem and hydrochlorothiazide to 
produce the goal reduction in supine and diastolic 
blood pressure was compared at week 14. Diltiazem 
produced the goal in 42% and hydrochlorothiazide in 
45% of patients. In the patients maintained on diltia- 
zem and hydrochlorothiazide monotherapy beyond 
week 14, the effects of therapy on blood pressure were 
maintained (observed at weeks 18, 22 and 26). At week 
26, 91% of patients on diltiazem who achieved goal 
blood pressure at week 14 had maintained the goal 
pressure, while 73% of patients on hydrochlorothia- 
zide maintained the goal blood pressure reduction. 

The addition of hydrochlorothiazide to patients re- 
ceiving diltiazem who did not achieve the goal pres- 
sure reduction at week 14 produced the goal pressure 
reduction in 6 of 11 patients (55%) at week 26. The 
addition of diltiazem to patients receiving hydrochlo- 
rothiazide who did not achieve the goal blood pressure 


at week 14 produced the goal pressure reduction in 10 
of 14 patients who completed the study (71%). 

Safety: Significant postural drops in blood pres- 
sures were not seen with either diltiazem or hydrochlo- 
rothiazide treatment. Significant adverse effects were 
minimal for diltiazem, hydrochlorothiazide and the 
combination. Four patients on diltiazem, 5 on hydro- 
chlorothiazide and none on the combination discon- 
tinued participation because of adverse effects. No 
significant electrocardiographic abnormalities were 
noted. No significant alterations in laboratory values, 
other than those alterations in electrolytes consistent 
with thiazide therapy, were seen. Specifically, 7 pa- 
tients became hypokalemic and 4 patients developed 
hyperuricemia on hydrochlorothiazide alone. On com- 
bination diltiazem and hydrochlorothiazide, the pat- 
tern was similar to that of hydrochlorothiazide alone: 8 
patients developed hypokalemia and 7 patients devel- 
oped hyperuricemia. 


Discussion 
Many of the calcium-channel blockers have been 
shown to be safe and effective for the treatment of 
systemic hypertension and hypertensive emergen- 
cies,?-68-13,16.17 In this preliminary report of a large 
study of 200 patients, sustained-release diltiazem used 
twice daily was shown to be as effective as hydrochlo- 


TABLE VI Hemodynamic and Metabolic Comparison of 
Diltiazem and Hydrochlorothiazide (HCTZ) 
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rothiazide used twice daily in reducing supine and 
standing blood pressure, both short and long term, in 
patients with mild to moderate systemic hypertension. 
Diltiazem was shown to cause a small but clinically 
insignificant reduction in heart rate compared with 
hydrochlorothiazide; whereas in the doses used, hy- 
drochlorothiazide caused more hypokalemia. Both 
drugs were well tolerated. 

Although diltiazem and hydrochlorothiazide are 
equally effective in the treatment of hypertension, 
they have different hemodynamic and metabolic ef- 
fects (Table VI).16.18-2? Diltiazem reduces blood pres- 
sure predominantly through its vasodilator actions, 
without causing tachycardia.*? Calcium entry 
blockers have also been shown to have natriuretic ef- 
fects.!® They do not affect blood sugar, uric acid, lipids 
or potassium levels. Diuretics, such as hydrochlorothi- 
azide, work initially by reducing intravascular volume 
and cardiac output; later, with physiologic adapta- 
tions to therapy, vascular volume returns to baseline, 
vascular resistance is reduced and cardiac output is 
maintained. Diuretics raise plasma renin activity and, 
unlike diltiazem, can cause hyperglycemia in type II 
diabetic patients, raise plasma lipids and uric acid and 
reduce serum potassium.?.?? 

With long-acting, sustained-release preparations 
now available, diltiazem and some other calcium- 
channel blockers can be considered first-line therapy 
and alternative therapy to 8 blockers and diuretics 
because of their favorable hemodynamic and metabol- 
ic characteristics and low adverse-effect profiles. They 
may become the treatment of choice in patients with 
hypertension and angina pectoris, for which they have 
proven efficacy.29524 Among the calcium-channel 
blockers, diltiazem has one of the lowest adverse effect 
frequencies? and should play an important role in the 
treatment of hypertension in years to come. 

Implications: These preliminary findings confirm 
that sustained-release diltiazem is an effective agent 
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in systemic hypertension with an antihypertensive po- 
tency similar to that of diuretics. Diltiazem has similar 
antihypertensive effects on other calcium-channel 
blockers. Because of the minimal adverse effects usu- 
ally encountered with diltiazem and its intrinsic nega- 
tive chronotropic action, it is likely to be useful as a 
single-drug treatment for hypertension. However, the 
higher cost of diltiazem and other calcium-channel 
blockers, compared with diuretic agents, may limit 
their use to patients in whom advantages in efficacy, 
adverse effect-profiles or compliance are shown. 


References 


1. Braunwald E. Mechanism of action of calcium-channel blocking agents. 
N Engl J Med 1982;26:1618-1627. 

2. Bonow RO, Rosing DR, Bacharach SL, Green MV, Kent KM, Lipson LR, 
Maron BJ, Leon MB, Epstein SE. Effects of verapamil on left ventricular 
systolic function and diastolic filling in patients with hypertrophic cardio- 
myopathy. Circulation 1981;64:787-796. 

3. Spivack C, Ocken S, Frishman WH. Calcium antagonists—clinical use in 
the treatment of systemic hypertension. Drugs 1983;25:154-177. 

4. Guazzi MD, Polese A, Fiorentini MD, Bartorelli A, Moruzzi P. Treatment 
of hypertension with calcium antagonists. Review. Hypertension 
1983;5:suppl 1I:1I-85—1I-90. 

5. Frishman WH, Ocken S, Spivack C, Charlap S, Packer M. Calcium. 
channel antagonists in the treatment of systemic hypertension. In: Packer 
M, Frishman WH, eds. Calcium-Channel Antagonists in Cardiovascular 
Disease. Norwalk: Appleton-Century-Crofts, 1984:291. 

6. Klein WW. Treatment of hypertension with calcium-channel blockers: 
European data. Am J Med 1984;77:suppl 4A:143- 146. 

7. Frishman WH, Weinberg P, Peled HB, Kimmel B, Charlap S, Beer N. 
Calcium-entry blockers for the treatment of severe hypertension and 
hypertensive crisis. Am J Med 1984;77:suppl 2B:35-45. 

8. Frishman WH, Charlap S, Ocken S, Spivack C. Calcium-channel 
blockers and systemic hypertension. J Clin Hypertension 1985; 1: 
107-122. 

9. Inouye IK, Massie BM, Benowitz N, Simpson P, Loge D. Antihypertensive 
therapy with diltiazem and comparison with hydrochlorothiazide. Am J 
Cardiol 1984;53:1588- 1592. 

10. Frishman WH, Charlap S, Kimmel B, Saltzberg S, Stroh J, Weinberg P, 
Monuszko E, Weizner J, Dorsa F, Pollack S, Strom J. Twice-daily oral 
verapamil in essential hypertension. Arch Intern Med (in press). 

11. Charlap S, Kimmel B, Laifer L, Weinberg P, Singer M, Lazar E, Saltzberg 
S, Dorsa F, Kafka K, Strom J, Frishman W. Twice-daily nicardipine in the 
treatment of essential hypertension. J Clin Hypes ension (in press). 

12. Hornung RS, Gould BA, Jones RI, Sonecha TN, Raftery EB. Nifedipine 
tablets for systemic hypertension: a study using continuous ambulatory 
intra-arterial recording. Am J Cardiol 1983;51:1323- 1327. 

13. Andrén L, Hansson L, Oro L, Ryman T. Experience with nitrendipine—a 
new calcium antagonist—in hypertension. J Cardiovasc Pharmacol 
1983;5:55-61. 

14. Bühler FR, Hulthén UL, Kiowski W, Müller FB, Bolli P. The place of the 
calcium antagonist verapamil in hypertensive therapy. J Cardiovasc Phar- 
macol 1982;4:suppl 3:5350-5357. 

15. Hallin L, Andrén L, Hansson L. Controlled trial of nifedipine and bendroflu- 
methiazide in hypertension. J Cardiovasc Pharmacol 1983;5:1083— 1085. 

16. Laragh JH, Bühler FR, DeLeeuw PW, Doyle AE, Fleckenstein A, Fleck- 
enstein-Grun G, Frishman WH, Zanchetti A. Calcium metabolism and 
calcium-channel blockers for understanding and treating hypertension. 
Am J Med 1984;77:suppl 6B:1-23. 

17. Robinson BF. Calcium-entry blockers in the treatment of systemic hyper- 
tension. Am J Cardiol 1985;55:suppl: 102B- 106B. 

18. Kinoshito M, Kusakawa R, Shimano Y. Effects of diltiazem hydrochloride 
on renal hemodynamics and urinary electrolyte excretion. Jpn Circ J 
1978;42:553-560. 

19. McGraw BF, Walker SD, Hemberger JA, Gitomer SL, Nakama M. Clini- 
rdi with diltiazem in Japan. Pharmacotherapy 1982; 2: 
156-161. 

20. Johnson BF. The emerging problem of plasma lipid changes during 
oe therapy. J Cardiovasc Pharmacol 1982;4:suppl 2: 

21. Laragh JH. Basic principles for the office evaluation and treatment of high 
blood pressure. Part Il. Laboratory evaluation and treatment. Cardiovasc 
Rev Rep 1981;2:1318- 1334. j | 

22. Ram CVS. Diuretics in the management of hypertension. Postgrad Med 
1982;7 1:155- 168. 

23. Frishman WH, Klein NA, Klein P, Stróm JA, Tawil, Strair R, Wong B, Roth 
S, LeJemtel T, Pollack S, Sonnenblick EH. A comparison of oral propran- 
olol and verapamil in patients with hypertension and angina pectoris: a 
placebo-controlled double-blind randomized crossover trial. Am J Cardiol 
1982;50:1164- 1172. 

24. Frishman WH, Charlap S, Kimmel B, Goldberger J, Philippides G, Klein 
N. Calcium-channel blockers in patients with combined angina pectoris 
and systemic hypertension. Am J Cardiol 1985;56:suppl:4 1H-46H. 


Antihypertensive Therapy with Calcium-Channel Blockers: 
Comparison with Beta Blockers 


BARRY M. MASSIE, MD 





As a result of concern about the safety and long-term 
toxicity of diuretics, there is a growing trend toward 
the use of alternative agents as initial therapy in es- 
sential hypertension. Worldwide, 9 blockers and va- 
sodilators, especially the calcium-channel blockers, 
are the most commonly used alternative agents. Sev- 
eral studies comparing these 2 classes of medications 
are reviewed. These studies indicate that verapamil, 
nifedipine and diltiazem are all comparable in efficacy 
to 6 blockers. When combined, calcium-channel 
blockers and ĝ blockers produce additive responses. 


These agents may differ in the relation between the 
magnitude of their antihypertensive effect and pa- 
tients' pretreatment plasma renin activity and age. 
Younger persons and those with high plasma renin 
activity tend to respond better to 6 blockers; older 
subjects and those with low plasma renin activity are 
more consistently responsive to calcium-channel 
blockers. The choice of agent should be individual- 
ized, based upon accompanying illnesses, adverse- 
effect profile and demographic factors. 

(Am J Cardiol 1985;56:97H-100H) - 


————————————————————————— 


Although the Joint National Committee on the Detec- 
tion, Evaluation and Treatment of High Blood Pres- 
sure continues to recommend diuretics as the initial 
therapy in essential hypertension,! there is a growing 
trend toward the use of alternative agents. The main 
impetus for this shift has been increasing concern 
about the safety and long-term toxicity of diuretics. 
The electrolyte and metabolic derangements induced 
by diuretics have been recognized for many years. The 
suggestion, albeit poorly substantiated, from the Mul- 
tiple Risk Factor Intervention Trial that diuretic ther- 
apy may be associated with an excessive incidence of 
sudden death? and the difficulty of demonstrating a 
decrease in coronary mortality despite successful anti- 
hypertensive therapy in several large trials using diur- 
etics have accentuated these doubts. 

A second reason for modifying the stepped-care ap- 
proach is that patients with mild or moderate hyper- 
tension who are not controlled by diuretics alone may 
be controlled by other agents and, therefore, alterna- 
tive drugs should be evaluated before resorting to 
combination therapy.? A third factor to consider is 
individualization of therapy in patients with multisys- 
temic disease. Accordingly, a 8 blocker might be used 
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in patients with hypertension and angina and prazosin 
might be tried in competitive athletes, while diuretics 
would be avoided in patients with gout or diabetes. 
Finally, the reduction in mortality and, in some in- 
stances, reinfarction by 8 blockers in secondary pre- 


vention trials^? has encouraged many physicians to 


use these agents in hypertension with the hope that 
they are similarly effective in primary prevention, al- 
though evidence for this is lacking. 

In the United States, 8 blockers are the most popu- 
lar alternative to diuretics, and their use as initial 
therapy has been sanctioned by the Joint National 
Committee.! In Europe, the calcium-channel blockers 
are widely used as initial antihypertensive therapy. 
These agents have not yet been approved in the U.S. 
for this indication by the Food and Drug Administra- 
tion, but marketing surveys suggest they are used 
widely in hypertension, nonetheless. This article will 
review studies in which these 2 classes of medications 
have been compared or used in combination therapy 
and it will attempt to place their use into a broader 
perspective. 


Verapamil 


Verapamil was the first calcium-channel blocker 
used in hypertension, and several trials comparing 
verapamil with 8 blockers have been published: Leon- 
etti et al® evaluated 31 patients with mild to moderate 
hypertension who were withdrawn from previous ther- 
apy, and randomized to either propranolol, 60 to 80 


mg, 3 times a day, or verapamil, 120 to 180 mg, 3 times 
a day, for 6 weeks. Then, after a 3-week washout peri- 
od, patients were crossed over to the alternative drug. 
Verapamil produced a somewhat greater reduction in 
both systolic and diastolic pressures than propranolol 
(31/20 vs 17/17 mm Hg), but this difference was not 
statistically significant. Heart rate fell significantly 
(by 14 beats/min) on propranolol, but not on verapa- 
mil (insignificant decrease of 3 beats/min). Hornung 
et al’? evaluated the same 2 agents with interarterial 
pressure monitoring. Eighteen subjects completed an 
open-label, randomized crossover study in which pro- 
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FIGURE 1. Changes in systolic blood "Tai (SBP) and diastolic 
blood pressure (DBP) during treatment with placebo (C), diltiazem (D) 
60 mg, 3 times a day, and propranolol (P) 20 mg, 3 times a day. The 
findings, at rest, during submaximal exercise at the same workload 
(stages 1 and 2) and during maximal exercise (Max) are shown. Both 
drugs produced comparable responses at rest and during exercise in 
DBP, but propranolol was more effective in blunting the exercise- 
induced rise in SBP. NS = difference not significant. Reprinted with 
permission from Am J Cardiol." 


oranda and verapamil were titrated from 40 to 240 
mg, 2 times a day, and 120 to 240 mg, 2 times a day, 
respectively, over 2 to 3 months. Both drugs produced 
similar antihypertensive responses, which were pre- 
sent at rest and during exercise. In addition, no differ- 
ences in the 24-hour blood pressure profiles were not- 
ed. The frequency and severity of adverse effects were 
similar, with constipation predominating on verapa- 
mil and fatigue on propranolol. 

Doyle? reported 2 studies—one comparing verapa- 
mil with pindolol in patients maintained on thiazide 
diuretics and the second comparing verapamil with 
labetalol in patients with coexisting chronic obstruc- 
tive pulmonary disease. Both trials indicated that the 
2 classes of drugs caused equivalent antihypertensive 
responses. 


Nifedipine 


Ekelund et al? performed an open-label trial in which 
12 patients received placebo, nifedipine alone, nifedi- 
pine plus metoprolol and metoprolol alone for consecu- 
tive 1-month periods. Blood pressure was measured at 
rest and during exercise. Nifedipine decreased supine 
systolic and diastolic pressures by 20 and 11 mm Hg, 
respectively, compared with 22 and 7 mm Hg with meto- 
prolol (differences not significant). During exercise, 
however, systolic blood pressure fell further with meto- 
prolol than with nifedipine (39 vs 14 mm Hg). Both at 
rest and during exercise, nifedipine produced a slight 
increase in heart rate, while metoprolol significantly low- 
ered it. Combined therapy was significantly better than 
single therapy, both at rest and during exercise. 

Yagil et al!? conducted a 2-phase study in which 26 
severely hypertensive subjects (mean blood pressure 
192/114 mm Hg on propranolol) were on a regimen 
consisting of nifedipine 10 to 30 mg, 3 times a day, 
added to propranolol. After a 14- to 30-week period of 
combined therapy (phase I), nifedipine and proprano- 
lol were alternatively withdrawn for 2- to 4-week peri- 
ods, separated by a similar period in which the combi- 
nation was reinstituted. The addition of nifedipine 
(mean dosage 60 mg/day) was highly efficacious, re- 
sulting in a sustained decrease in blood pressure from 
189/112 to 136/84 mm Hg. During phase II, blood 
pressure was found to increase to pre-nifedipine levels 
when this drug was withdrawn. Propranolol withdrawal 
also resulted in a loss of control, but the blood pressure 
increase was significantly less than that during nifedi- 
pine withdrawal. It is noteworthy that adverse effects 
related to nifedipine occurred in 50% of the patients 
and necessitated discontinuation in 4 patients. 

Two additional studies! 1? evaluated acebutalol and 
nifedipine, alone and in combination, and pindolol 
and nifedipine, also in single and combined therapy. 
While both studies are limited by small numbers of 
patients, they each indicated equal antihypertensive 
efficacy for both classes of drugs, as well as added 
benefit from combination therapy. 


Diltiazem 


Diltiazem, because of its more recent development 
and availability, has been less widely studied in hyper- 


—— —9 PE So UT RE TE a EER TT Cotton eres rc P SUBE ITI NEN NAE ETERNA T RE IT ae 


tension. Nonetheless, there are 2 published trials, and 
preliminary findings from an ongoing multicenter 
study comparing this agent with 8 blockers are avail- 
able. Yamakado et al!? treated 16 subjects with mild to 
moderate hypertension with placebo, propranolol 20 
mg, 3 times a day, and diltiazem 60 mg, 3 times a day, 
for 4 weeks, using a Latin square design. Resting and 
treadmill exercise blood pressures were evaluated 
(Fig. 1). At rest, both agents lowered blood pressure 
comparably, from a mean of 171/106 to 148/95 mm Hg 
with diltiazem and to 150/98 mm Hg with propranolol. 
Heart rate fell from 76 to 70 beats/min with diltiazem 
and to 59 beats/min with propranolol. During exercise, 
both drugs lowered diastolic pressure to a similar de- 
gree, but propranolol decreased systolic pressure some- 
what more than diltiazem and caused a greater reduc- 
tion in maximal heart rate. No adverse effects were 
noted, but the dosages of both drugs were relatively low. 

Trimarco et al!^ compared diltiazem 60 mg, 4 times 
a day, with metoprolol 100 mg, 2 times a day, in 20 
patients using a randomized, double-blind crossover 
design with 1-month treatment periods separated by a 
1-month placebo period. Both drugs produced compa- 
rable antihypertensive effects, although metoprolol 
was more effective in preventing an increase in exer- 
cise systolic pressure. Only metoprolol reduced heart 
rate. 

A multicenter trial comparing diltiazem with other 
agents is now in progress and will ultimately include 
200 patients, thus permitting subgroup analysis based 
upon age and race. At present, only the findings from 
an interim analysis of the first 50 subjects who com- 
pleted the study are available. The study design in- 
cludes a 4-week, single-blind, placebo washout period, 
after which the patients are randomly assigned to dou- 
ble-blind treatment with diltiazem or propranolol. 
The first 3 months are a dose-titration phase in which 
the diltiazem dosage (in time-released form) is in- 
creased from 60 to 160 to 180 mg, 2 times a day, and 
propranolol is increased from 80 to 120 to 240 mg, 2 
times a day, stepwise at monthly intervals. After 4 
weeks at the titrated dosage, hydrochlorothiazide is 
added to the therapy of uncontrolled patients for an 
additional 8 weeks. Sixty percent of the diltiazem 
group and 44% of the propranolol group required the 
highest dose, and 32% and 40%, respectively, ultimate- 
ly required the addition of diuretic. With this therapy, 
59% of the diltiazem patients and 40% of the proprano- 
lol patients achieved the predetermined treatment 
goal of a supine diastolic blood pressure «90 mm Hg, 
or, in those with initial diastolic pressure of 95 to 100 
mm Hg, a minimum of a 10-mm Hg reduction. In the 
diltiazem group, the mean supine blood pressure fell 
from 148 + 17/101 + 5 pretreatment to 133 + 25/88 +9 
mm Hg (p «0.0001); in'the propranolol group, a com- 
parable reduction occurred from 154 + 22/104 + 6 to 
146 + 23/91 + 11 mm Hg. Heart rate fell from 81 + 24 
to 74 + 11 beats/min (p «0.01) with diltiazem and 
from 77 + 8 to 64 + 11 beats/min (p <0.0001) with 
propranolol; this was the only significant difference 
between treatments. The addition of hydrochlorothia- 
zide produced a further decrease of 8 to 12 mm Hg in 
systolic and diastolic pressures in both treatment 


groups. Adverse effects and adverse reactions were 
generally mild and were slightly more common on pro- 
pranolol (3496) than diltiazem (2596). 


Calcium-Channel Blockers and Beta Blockers 
in Patients with Angina and Hypertension 


In the U.S., calcium-channel blockers are currently 
used to treat hypertension primarily in patients with 
accompanying coronary artery disease. Frishman et 
al? studied 12 such patients with stable angina pecto- 
ris, positive treadmill exercise test results and diastol- 
ic blood pressure >90 mm Hg. After a 2-week washout 
period, double-blind treatment was commenced with 
verapamil 80 mg, 3 times a day, or propranolol 20 mg, 3 
times a day, with the dosage being increased at weekly 
intervals to 120 mg, 4 times a day, and 80 mg, 4 times a 
day, respectively. The two 3-week treatment periods 
were separated by a 1-week placebo period. The 2 
drugs produced comparable changes in blood pres- 
sure, but propranolol reduced heart rate significantly 
more. Both drugs reduced the frequency of anginal 
attacks, but exercise duration increased significantly 
on verapamil despite a lower rate-pressure product 
with propranolol. 


Factors Determining the Response to 
Calcium-Channel Blockers and Beta Blockers 


From these studies, it is apparent that both the 
calcium-channel blockers and 8 blockers are effective 
antihypertensive agents. Bühler et al! have examined 
the response of a large number of patients in relation 
to the pretreatment plasma renin activity. Their find- 
ings confirm previous reports that 8 blockers are most 
effective in high renin hypertension. In contrast, they 
found that calcium-channel blockers are particularly 
potent in low renin hypertension. Clinically, these ob- 
servations are most relevant in regard to age, because 
younger patients tend to have higher plasma renin 
activity, while older patients often have low plasma 
renin activity. Indeed, Bühler's experience corrobo- 
rates the greater efficacy of calcium-channel blockers 
in the elderly and £ blockers in younger subjects (Fig. 
2). Data are not yet available for the relative response 
rates of these 2 classes of agents in blacks, who usually 
have low plasma renin activity, and whites, who exhibit 
a wider spectrum of plasma renin activity. 


More Trials Needed 


Because of the small size of the reviewed trials, fur- 
ther information is needed on a number of important 
points. Definitive data concerning the relative efficacy 
of the 2 classes of agents in subgroups based on gender, 
race and age might help in the selection of therapy. 
Similar information concerning adverse effects may be 
equally valuable. Beta blockers have been associated 
with potentially adverse effects on serum lipids; calci- 
um-channel blockers have not. Nonetheless, it would 
be informative to examine these measurements in a 
prospective comparative trial involving the same pa- 
tient population and laboratory. 

The greatest differences between the responses to 
calcium-channel blockers and £ blockers in the pub- 
lished trials were in exercise heart rate and systolic 
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FIGURE 2. Proportion (%) of patients responding with diastolic blood 
pressure reduction to <95 mm Hg during antihypertensive therapy 
with 8 blockers and calcium-channel blockers according to their age. 
Reprinted with permission from Am J Med.'6 


blood pressure, which rose to a lesser extent on the 
latter agents. It would be interesting, then, to deter- 
mine whether this is associated with actual differences 
in exercise performance. None of the published stud- 
ies addressed this issue by measuring oxygen utiliza- 
tion, and several did not use the appropriate protocols 
to examine this question. 


Clinical Implications 


The studies reviewed herein indicate that the calci- 
um-channel blockers are as effective in treating mild 
and moderate hypertension as £ blockers, and in the 
case of diltiazem, they are equally or better tolerated. 
Because of concerns about the safety of diuretics, both 
classes of agents are commonly used as initial therapy 
in Europe. The choice of which type of medication to 
use in individual patients should reflect demographic 
factors, the patient's life-style and the nature of ac- 
companying medical problems. Thus, in older patients 
calcium-channel blockers may be the most effective 
alternative to diuretics, whereas in young patients a 6 
blocker or converting enzyme inhibitor should be con- 
sidered. Blacks may be more responsive to calcium- 
channel blockers than to 8 blockers, although this re- 
mains to be demonstrated. When mental activity or 
athletic performance is an issue, calcium-channel 
blockérs may be preferable to 8 blockers, because they 
have few central nervous system effects and they are 
likely to have less of a depressant effect on maximal 
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cardiac output, although the latter point has not been 
investigated at the high dosages used in antihyperten- 
sive therapy or in competitive athletes. Patients with 
bronchospastic conditions, peripheral vascular dis- 
ease, insulin-dependent diabetes and left ventricular 
dysfunction may be appropriate candidates for calci- 
um-channel blockers, while those predisposed to pos- 
tural symptoms or edema are better candidates for 6 
blockers. Combination therapy with nifedipine and 6 
blockers is safe and effective, but more experience is 
needed with diltiazem. Beta blocker and verapamil 
combinations should not be used in this way for hyper- 
tension because of the potential for atrioventricular 
block, bradyarrhythmias or myocardial depression. 

Several additional factors will determine the future 
role of calcium-channel blockers in the treatment of 
hypertension, including their place relative to 6 
blockers and diuretics. These include approval from 
the Food and Drug Administration for this indication, 
their relative cost, which is presently significantly 
higher than other antihypertensive agents, and the 
availability of twice-daily—or better still, once-daily 
— preparations. Finally, clarification of the safety of 
diuretics and determination of whether the calcium- 
channel blockers are cardioprotective will enormously 
influence their ultimate popularity. 
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Comparative Effects of Diltiazem and Hydrochlorothiazide 
in Blacks with Systemic Hypertension 


MARVIN MOSER, MD, JOHN LUNN, MD, and BARRY J. MATERSON, MD 





The blood pressure-lowering effects of a calcium- 
entry blocker, diltiazem (240 or 360 mg/day), and a 
thiazide diuretic, hydrochlorothiazide (50 or 100 
mg/day), were studied in 20 black hypertensive pa- 
tients. Supine blood pressure decreases of —34/— 18 
mm Hg for diltiazem and —29/—21 mm Hg for hydro- 
chlorothiazide were noted after 14 weeks of therapy. 
Differences between drugs were not significant. Blood 


Studies have shown that black patients respond more 
effectively to some antihypertensive agents than to 
others.!-? This suggests the need to evaluate the effec- 
tiveness of new antihypertensive agents in black pa- 
tients. Calcium-entry blockers are among the newer 
drugs being evaluated as antihypertensive agents. Al- 
though these agents have not yet been approved for 
therapy in the United States, there have been numer- 
ous reports suggesting that they are effective as blood 
pressure-lowering medications.9-10 

This study was part of a multicenter trial designed 
to compare the antihypertensive effectiveness of dil- 
tiazem, a calcium entry-blocking agent, with hydro- 
chlorothiazide, a thiazide diuretic, as monotherapy in 
patients with mild to moderate hypertension. In addi- 
tion, the study assessed the effectiveness of combined 
therapy with both diltiazem and hydrochlorothiazide 
in patients who did not achieve goal blood pressure on 
monotherapy. 

Data are reported on 20 black patients, followed for 
a 6-month period, on either monotherapy or combined 
therapy. This review includes efficacy and adverse 
effect data relating to therapy with both drugs. 


Methods 


Study design: Patients were initially evaluated in a place- 
bo screening phase of at least 2 weeks, after a 2-week absti- 
nence from any previous antihypertensive drug therapy or 
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pressures were normalized in all 4 of the monotherapy - 
nonresponders when the 2 drugs were combined. 


Significant adverse effects were not noted. 


These data suggest that diltiazem is an effective 


antihypertensive agent in black patients. As mono- 


therapy, its blood pressure-lowering effect is equiva- 


lent to hydrochlorothiazide. 


(Am J Cardiol 1985;56:101H-104H) - 


other medication known to affect blood pressure. A resting : 


supine diastolic blood pressure of 95 to 114 mm Hg, not 


varying by >7 mm Hg, was required on 2 consecutive weekly - 
visits for inclusion in the study. Baseline measurements for _ 
diastolic and systolic blood pressure and heart rate were _ 
obtained by averaging the readings taken on the last 2 visits - 


of the placebo screening phase. Mean arterial blood pressure 
was then calculated from the observed diastolic and systolic 
blood pressure. Conduction intervals (from electrocardio- 


gram) and automated blood chemistries, including serum 
lipid levels, blood counts and urinalyses, were obtained at 7 


baseline and at the end of the study. 

Patients were assigned to either sustained-release diltia- 
zem or hydrochlorothiazide in a randomized, double-blind 
parallel design. Titration to 240 or 360 mg of diltiazem or 50 


or 100 mg of hydrochlorothiazide was carried out over an 8- - 


week period (through week 10 of the study). Monotherapy 
effects were observed over 4 additional weeks (through week 
14). Blood pressure measurements were obtained approxi- 
mately 12 hours after the last dose of medication. 


Goal blood pressure was defined as a supine diastolic 


blood pressure <90 mm Hg if baseline supine diastolic blood 
pressure was 2100 mm Hg, or at least a 10-mm Hg supine 
diastolic blood pressure reduction if baseline supine diastol- 
ic blood pressure was <100 mm Hg. At week 14, those pa- 
tients who had achieved goal blood pressure were continued 
on the assigned monotherapy, either diltiazem or hydrochlo- 
rothiazide, for an additional 12 weeks. If a patient had not 
achieved goal by week 14, he or she was “unblinded” and the 
alternate drug was added to the original regimen for an 
additional 12 weeks. The study was designed to simulate a 
clinical situation in which additional therapies are added if 
monotherapy is ineffective. i 

Three groups resulted for analysis: subjects who achieved 
goal blood pressure with diltiazem and who continued on 
diltiazem; subjects who achieved goal with hydrochlorothia- 
zide and continued on hydrochlorothiazide; and subjects 
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TABLE! Characteristics of Study Patients 
Diltiazem Hydrochlorothiazide 

Male (n) 0 2 
Female (n) 10 8 
Average age (years) 54.9 + 10.4 54.3 t 9.3 
Weight (Ib) 156.9 + 22.3 173.3 + 33.1 
Supine DBP (mm Hg) 104.5 3.0 103.4 4 4.1 
Supine SBP (mm Hg) 165.4 + 17.9 154.6 + 10.9 
Supine MAP (mm Hg) 1248+ 6.3 120.52 5.6 
Supine HR (beats/min) 76.9+ 8.1 732 9.7 
Standing DBP (mm Hg) 102.0+ 4.8 102.0+ 6.1 
Standing SBP (mm Hg) 158.1 + 19.0 144.0+ 9.1 
Standing MAP (mm Hg) 120.7+ 8.6 116.0 + 5.4 
Standing HR (beats/min) 80.7+ 7.7 76.6 + 10.5 


DBP = diastolic blood pressure; SBP = systolic blood pressure; 
MAP = mean arterial pressure; HR = heart rate. 


_ who did not achieve goal with either diltiazem or hydrochlo- 
- rothiazide and were consequently followed on combination 
- therapy. (Two patients were continued on monotherapy, 1 


- on each drug, beyond week 14 even though goal blood pres- 
-= sure was not achieved.) 


Standard statistical methods (paired t test, analysis of 


- variance, Fisher's exact test) were used to determine signifi- 


cance of blood pressure decreases and goal responders for 
the 2 monotherapy groups at 14 weeks. Analysis at week 26 
included a comparison of 3 groups: those receiving diltiazem 


only, those receiving hydrochlorothiazide only and those 


. receiving both drugs. 


Results 


Table I summarizes the demographics and baseline 


. blood pressures in the 2 groups of patients receiving 
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monotherapy. Mean blood pressures were somewhat 
higher in the group randomized to diltiazem. 
Table II summarizes the number and percentage of 


- patients achieving goal pressures on monotherapy and 


combined therapy. At week 14, 7 of 9 patients respond- 
ed to diltiazem alone and 6 of 10 patients had reached 


. goal with hydrochlorothiazide (differences not signifi- 


cant). At week 26, 6 of 8 patients on diltiazem were at 
goal pressure, whereas all patients on hydrochlorothi- 
azide or receiving combined therapy had achieved goal 
pressure. 
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FIGURE 1. Blood pressure changes with diltiazem or hydrochlorothia- 
zide (HCTZ) as monotherapy. All patients were in resting supine 
position. DBP = diastolic blood pressure; SBP - systolic blood 
pressure. 


Table III summarizes supine blood pressure 
changes in all patients on monotherapy at weeks 10 
and 14. A decrease of —34/—18 mm Hg from baseline 
was noted at week 14 with diltiazem, and a decrease 
from baseline of —29/—21 mm Hg with hydrochloro- 
thiazide. These are equivalent clinical responses, 
showing no statistically significant differences. Figure 
1 shows blood pressure differences noted over the 
course of the study with both drugs. 

Results of supine blood pressure changes in the goal 
achievers on hydrochlorothiazide or diltiazem mono- 
therapy over the 6-month duration of the study are 
noted in Table IV. Initial decreases in pressures from 
baseline to week 14 were —32/—19 mm Hg for diltia- 
zem and —35/—27 mm Hg for hydrochlorothiazide. 
These responses were maintained with only slight 
changes for the duration of the study (through week 
26). Again, there were no statistically significant dif- 
ferences between drugs. 

The 4 patients requiring combination diltiazem and 
hydrochlorothiazide after week 14 achieved an addi- 
tional blood pressure response of —11/—10 mm Hg at 
week 26 (Table V). All of these patients achieved goal 
response. 

Upright blood pressure responses (immediately 
upon standing and 5 minutes after standing) were 
essentially similar to those noted in the supine posi- 
tion. At week 14, patients taking diltiazem showed a 
greater blood pressure decrease on standing than did 
those taking hydrochlorothiazide. The increases seen 
in heart rate on standing in the respective drug groups 
were not significantly different. 

Electrocardiogram analysis: Electrocardiograms 
were taken during the first preplacebo visit and at 26 
weeks, and were examined for changes in PR, QRS and 
QT intervals. Although the differences found are 
probably not of clinical significance, the diltiazem 
monotherapy group showed a statistically significant 
decrease in the QRS interval from 0.077 to 0.065 sec- 
onds at week 26 and a statistically significant increase 
in QT interval from 0.37 to 0.39 seconds. The combina- 
tion therapy group showed a statistically significant 
increase in PR interval from 0.19 to 0.20 seconds. No 
other significant changes were noted. 

Adverse effects: Patients reported few adverse 
effects throughout the study. One patient receiving 
diltiazem complained of a headache, which resolved 
with continued therapy. The laboratory findings on 
diltiazem showed no significant effects on serum elec- 
trolyte levels. Serum potassium levels decreased from 
a mean of 4.1 to 3.9 mEg/liter and uric acid levels 
increased from 5.1 to 5.6 mg% in the hydrochlorothia- 
zide group. Statistically significant changes in lipid 
levels were not noted with either drug, although cho- 
lesterol levels decreased over‘the course of the study 
with both drugs (263 to 235 mg% with diltiazem, and 
231 to 204 mg% with hydrochlorothiazide). 


Discussion 


Previous studies have demonstrated that black pa- 
tients do not respond as well as whites to propranolol,! 
nadolol,? atenolol,? pindolol* or captopril.5-7 In each of 
the above trials, blacks responded as well as or better 
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TABLE I| Number of Patients Achieving Goal Blood Pressure 
Week 10 Week 14 Week 22 Week 26 


Diltiazem only 4 of 8 (50%) 60f8(7596) 


Diltiazem 4 of 10 (40%) 7 of 9 (7896) 


Hydrochlorothiazide 
and 2 of 4(50%) 40f4(10096) 
Diltiazem 
Hydrochloro- 5 of 10 (50%) 6 of 10 (6096) 
thiazide Hydrochlorothiazide 


only 7 of 7 (10096) 7 of 7 (10096) 
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TABLE Ill Supine Blood Pressure (mm Hg) Changes in All Patients on Monotherapy with 
Diltiazem or Hydrochlorothlazide * 


Difference 
Baseline Week 10 Week 14 (Baseline — Week 14) 
Diltiazem 165 140 133 —34 (p = 0.0002) 
104 91 86 — 18 (p = 0.0001) 
Hydrochloro- 154 129 125 —29 (p = 0.0003) 
thiazide 103 87 82 —21 (p = 0.0002) 


* There were no statistically significant differences between drugs. 


TABLEIV Supine Blood Pressure (mm Hg) in Responders After Monotherapy with 


Diltiazem or Hydrochlorothiazide * 
Nn RE mom a a i aer df e rre Jv eg AEN US | BLEUS AE SSR a OR ae iu 


Difference Difference 
Baseline Week 14 Week 26 (Baseline — Week 26) (Week 14 — Week 26) 
Diltiazem 166 134 138 —28 (p = 0.0051) +4 (NS) 
105 86 85 —20 (p = 0.0001) — 1 (NS) 
Hydrochloro- 156 121 125 —31 (p = 0.0027) +4 (NS) 
thiazide 105 78 81 —23 (p = 0.0001) +3 (NS) 


* There were no statistically significant differences between drugs. 


NS = not significant. 


than whites to hydrochlorothiazide, chlorthalidone 
and bendroflumethiazide. When any 1 of these diuret- 
ics was combined with propranolol, nadolol or capto- 
pril in these studies, the racial differences were abol- 
ished and goal blood pressure responses were noted in 
a high percentage of patients. 

Labetalol!! appears to work as well in blacks as in 
whites. Data indicate that nitrendipine,!2 a new calci- 
um-entry blocker related to nifedipine, is also effec- 
tive in black patients. The present study suggests that 
there is little difference in the blood pressure response 
in blacks between hydrochlorothiazide in dosages of 
90 or 100 mg and diltiazem in dosages of 240 or 360 
mg/day when given as monotherapy. Further, the 
magnitude of blood pressure reduction was signifi- 
cant, and goal blood pressure was achieved in a major- 
ity of patients. 

It has been suggested.that baseline renin status or 
the relative levels of activity of the kinin or other 
vasodilator systems may play a role in and at least 
partially explain the racial differences in response to 
different antihypertensive medications. Beta-adren- 
ergic inhibitors and converting enzyme inhibitors!? 
are less effective in patients with low baseline plasma 
renin levels, and hypertensive blacks as a group tend 
to have lower plasma renin activity than whites. Black 
patients also tend to have a less active kinin system. 


Labetalol, an a antagonist as well as a 6-adrenergic 
blocking agent, may be less affected by renin status, 
and the action of diltiazem and other calcium-entry 
blockers, by virtue of their direct vasodilating effects, 
may also be less influenced by the activity of the renin- 
angiotensin system. It has also been suggested that 
calcium-entry blockers are more effective in the elder- 
ly, another group of patients in whom resting low renin 
levels are noted with relatively high frequency. 
Blaustein and Hamlyn!^ have offered a unifying hy- 
pothesis for sodium-calcium exchange and hyperten- 


. Sion based on natriuretic hormones. This predicts that 


blacks and other patients with low renin hypertension 
would respond particularly well to calcium-entry 
blockers. 

À preliminary report!? suggests that methyldopa is 
effective in reducing the blood pressure of black pa- 
tients who have an increase 25 mm Hg in diastolic 
blood pressure upon standing. Fifteen of 23 patients 
with an orthostatic increase showed a reduction of 15.4 
+ 12.2 compared with only 1.6 + 11.5 mg Hg for those 8 
without an orthostatic increase. The dosage ranged 
from 250 to 1,000 mg, 2 times a day. Hydrochlorothia- 
zide at 25 to 50 mg, 2 times a day, achieved a greater 
overall quantitative blood pressure reduction (—17 vs 
—11 mg Hg), but results did not correlate with ortho- 
static change. This suggests that differences in base- 
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TABLE V Supine Blood Pressure (mm Hg) in 
Nonresponders After Combined Therapy 
(Diltiazem and Hydrochlorothiazide ) 


Week 14 Difference 
(End of Monotherapy) Week 26 (Week 14 — Week 26) 
138 127 —11 (p = 0.0502) 
92 82 — 10 (p = 0.0042) 


line sympathetic tone in black patients could account 
for differences in response and might explain some of 
the differences among studies. 

The reasons for the observed racial differences in 
response to various drugs have not been identified 
with certainty. Multiple factors are likely to be respon- 
sible and they have been reviewed elsewhere..!6 

Whatever the underlying mechanisms, physicians 
should be aware of the potentially different effects of 
antihypertensive agents in different racial groups. A 
more rational approach to therapy may therefore be 
planned. The present study comparing the blood pres- 
sure-lowering effects of diltiazem and hydrochlorothi- 
azide in a small group of black patients suggests that 
an equivalent response can be expected when the 
drugs are used as monotherapy. An additional blood 
pressure-lowering effect occurs when the drugs are 
combined in standard clinical dosages. 

In summary, diltiazem at 240 or 360 mg/day appears 
to be as effective an antihypertensive agent as hydro- 
chlorothiazide at 50 or 100 mg/day in black patients 
with mild to moderately severe hypertension. There 
were no significant blood pressure differences between 
the 2 drugs as monotherapy when changes from base- 
line were compared at the end of week 14 and week 26. 
When the 2 drugs were combined in those who did not 
respond to monotherapy, a further statistically signifi- 
cant decrease in blood pressure was obtained. These 
data suggest that diltiazem as monotherapy is an ef- 
fective antihypertensive agent in black patients and 
may also be useful in combination with a diuretic. 
Significant adverse effects were not noted with either 
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drug, but diltiazem produced a greater decrease in 
standing blood pressure. There was no evidence that 
diltiazem alone adversely affected cardiac conduction 
or arrhythmias, although a statistically significant in- 
crease in QT interval was noted (0.02 seconds). PR 
interval was slightly increased in the group receiving 
both drugs (0.01 seconds). 
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Individualization of Calcium Entry-Blocker Dosage 
for Systemic Hypertension 


ROBERT W. PIEPHO, PhD 





The calcium entry blockers are used in a wide variety 
of clinical situations. Coexisting disease states, such 
as renal or hepatic dysfunction, may require individ- 
ualized dosing of these agents. The physiologic 
changes associated with aging may also affect the 
pharmacokinetic properties of the drugs. If calcium 
entry blockers are used concurrently with other medi- 
cations, dosage adjustment or selection of an alterna- 
tive drug may be needed. Drug interactions between 


calcium entry blockers and cimetidine, digoxin and 
quinidine appear to be clinically significant. Individual- 
ized dosing in patients who have coexisting disease or 
who are using other medications is essential to 
achieve an adequate therapeutic response and avoid 
adverse effects. Considerations to attain an optimal 
response in such situations are presented. 


(Am J Cardiol 1985;56:105H-111H) 
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The calcium entry-blocking drugs have been used in 
the therapy of arterial hypertension for a number of 
years.!-? There are 3 drugs of this class currently avail- 
able in the United States (Table I) and each has a 
unique pharmacokinetic profile. Moreover, these 
drugs differ markedly from some of the currently used 
antihypertensive agents. The differences both among 
the calcium entry blockers and between them and 
conventional therapies are important, because these 
drugs are playing a role in antihypertensive therapy. 
An appreciation of the pharmacokinetic characteris- 
tics, the dosage modification required in selected dis- 
ease states and the drug interaction profiles for each of 
these agents should be useful in achieving optimal 
therapy in the individual patient. 


Pharmacokinetic Parameters 


The general pharmacokinetic parameters for the 
currently available calcium entry blockers are listed in 
Table I. All 3 drugs are readily absorbed from the 
conventionally used oral dosage form and attain maxi- 
mal plasma concentrations within 30 to 180 minutes.4 
They each undergo a significant presystemic elimina- 
tion (first-pass effect), with verapamil exhibiting a 
greater presystemic loss (and lower bioavailability) 
than the other 2 agents.9-? Because most of the bio- 
availability studies performed with these drugs have 
been done in fasting subjects, there is no information 
available on the effect of food on this parameter. How- 
^o co melts fe ical on aate eee 
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ever, it is possible that the concurrent administration 
of either a carbohydrate-rich or protein-lipid meal 
would decrease the extent of first-pass metabolism, as 
has been demonstrated for propranolol.? Therefore, 
patients are best advised to take these medications 
either on any empty stomach or before meals to ensure 
consistency in bioavailability (even though it is possi- 
ble that a decreased quantity of the active drug moiety 
reaches the system under these conditions). 

All 3 drugs are extensively distributed to most tis- 
sues, including the central nervous system. Plasma 
protein binding of diltiazem and verapamil is indepen- 
dent of concentration over the range of clinically used 
plasma concentrations;!?!! thus, no clinically signifi- 
cant drug displacement interactions are anticipated 
for these agents. Studies with diltiazem have demon- 
strated a lack of displacement when administered con- 
comitantly with various other compounds— for exam- 
ple, warfarin, propranolol and digoxin.!! On the other 
hand, plasma protein binding of nifedipine has been 
shown to be concentration dependent,!2 but no clini- 
cally significant displacement interactions have been 
reported to date. 

The elimination of these agents is primarily handled 
by hepatic microsomal oxidases with subsequent renal 
elimination of various metabolites,’ although 3 to 4% 
of a dose of verapamil is eliminated in unchanged 
form. The half-lives of all 3 drugs are similar after a 
single oral dose. However, the half-life of vérapamil 
has been shown to double after long-term oral dos- 
ing 19-15 —for example, from 5.7 to 9.6 hours in nor- 
mal patients!? and from 6.4 to 12 hours in patients 
with chronic atrial fibrillation.!° Thus, in long-term 





PTL ST EE i ee ee ee ee eet ee ee er ST" 


TABLE! Pharmacokinetic Parameters of Calcium Entry Blockers^-? 
Diltiazem Nifedipine Verapamil 
Oral absorption (96) >90 >90 >90 
Bioavailability (% ) 41-67 37-68 10-22 
Protein bound (%) 77-80 92-98 83-92 
Therapeutic plasma 40-200 25-100 80-300 
concentration (ng/ml) 
Elimination pathway Hepatic Hepatic Hepatic/Renal 
Active metabolites O-desacetyldiltiazem None Norverapamil 
(40 to 4596 activity of (1096 activity 
parent compound) of parent compound) 
Elimination half-life 2.1-5.8 1.9-5.8 2.8-6.3* 
(hours) 
* Increased with chronic dosage. 
TABLE || Effect of Various Physiologic States on Calcium Entry-Blocker Dosage 
Diltiazem Nifedipine Verapamil 
Pediatric Not approved—no clinical data avail- Not approved—no clinical data 0.1 mg/kg intravenous (for a maximum 
able available total of 3 doses) 240-360 mg/daily, 
oral 
Geriatric Reduce oral dose by approximately No data available, but presumably No data available, but oral or intrave- 
25% in patients >70 years; titrate similar to diltiazem nous dose should be reduced by at 
slowly, beginning with low dose least 50% for initial dose and titrat- 
ed slowly 
Liver disease Reduce initial oral dose by 30 to 40% No data available, but presumably Initial doses should be 1-3 mg intrave- 


in severe liver disease and titrate 
slowly with close supervision 


Renal disease No dosage adjustment needed 


similar to diltiazem 


Pharmacokinetic parameters un- 
changed, but pharmacologic 
response significantly en- 
hanced 


nous or 80-120 mg/day oral; moni- 
tor closely 

Avoid use, but if essential, reduce dos- 
age consistent with reduction in cre- 
atinine clearance 


Diabetes mellitus Appears to be safe, but should be 


closely monitored at first 


oral therapy, the dosage interval for verapamil may be 
extended to 8 or, in some individuals, 12 hours. Simi- 
larly, because the shift in half-life and the correlated 
increase in the area-under-the-plasma-concentration 
curve occur within the first few days of dosing, dosage 
escalation should not be undertaken until the patient 
is assessed at the steady-state plasma concentration; 
this usually occurs 4 to 5 days after drug initiation. 
Dose-related changes in the bioavailability of diltia- 
zem have been reported, but the differences are not as 
pronounced as those of verapamil.! It appears that 
the presystemic elimination of diltiazem is saturable, 
so that larger doses will result in enhanced bioavail- 
ability and subtle increases in half-life.!? Clinical dos- 
age modification is not required but practitioners 
should be aware that larger individual oral doses will 
give a slightly greater response than might be estimat- 
ed on a strict proportional basis. 

The relatively short half-life of the calcium entry 
blockers might provoke concern regarding the physio- 
logic consequences of abrupt discontinuation. Howev- 
er, studies in patients with unstable angina,!? variant 
angina,! chronic stable angina?) and hypertension?! 
have shown no withdrawal symptomatology. In con- 
trast, there are 2 reports that describe potential with- 
drawalsymptoms with these drugs. Bala Subramanian 
et al22 have described 5 angina patients who developed 
symptomatology that was suggestive of drug with- 
drawal upon discontinuation of verapamil and diltia- 
zem. Changes in the ST segment and tachycardia were 


Use caution; conflicting reports in 
clinical studies 


Appears to be safe, but should be 
closely monitored at first 


noted; however, only 2 of the 5 patients actually re- 
ported any problem. The inhibitory actions of the cal- 
cium entry blockers on sympathetic activity have been 
proposed as a possible basis for these withdrawal 
symptoms.?223 In a subsequent report, Engelman et 
al?* described 4 patients who underwent coronary re- 
vascularization surgery after abrupt withdrawal of 
either nifedipine or diltiazem. Severe coronary 
vasospasm resulted and was confirmed in 3 of the 
4 patients by ST-segment changes in the electrocar- 
diogram. Sublingual nifedipine and intravenous nitro- 
glycerin were effective in ameliorating signs of isch- 
emia in 2 patients; but both of the other patients 
developed infarcts, and 1 died despite heroic resusci- 
tative measures. It is recommended that patients on 
long-term calcium entry-blocker therapy be main- 
tained on the medication for 24 to 48 hours postopera- 
tively. If a calcium entry blocker is to be discontinued, 
a conservative approach would involve decreasing the 
oral dose by 30 to 3596 every 4 to 5 days for a period of 2 
weeks, with careful monitoring for any signs of cardio- 
vascular rebound. A 


Use in Selected Patients 


In contrast to certain antihypertensive medications, 
the calcium entry blockers can be used safely in the 
majority of patients with concurrent migraine head- 
ache, bronchial asthma”®?’ or angina. However, 
there are a number of clinical situations in which dos- 
age adjustment may be considered (Table II). 


Pediatrics: Pediatric use of medications that are 
conventionally prescribed for adults often calls for 
significant dosage adjustment. Verapamil has been 
used in pediatric patients for the treatment of supra- 
ventricular tachycardia.?? Hypotension was noted af- 
ter "a large dose of the drug,” so 0.1 mg/kg was infused 
intravenously over a 30-second period, with a maxi- 
mum of 2 additional doses if hypotension did not limit 
dosing. If extrapolated for body weight, this dosage is 
equivalent to an individual dose of 7 mg in a 70-kg 
individual, which is similar to the recommended adult 
dosage (5 to 10 mg). Oral dosages of 80 to 120 mg, 3 
times a day, are also used in children, and this range is 
also quite close to the adult dosage for the drug. Thus, 
pediatric use of the intravenous preparation should be 
based on individual body weight, but oral dosing may 
be used in the lower range of commonly used adult 
doses. 

Lactation: The authors of the previous study noted 
that verapamil is useful in the treatment of paroxys- 
mal supraventricular tachycardia in children of all 
ages, but that it may not be effective in infants under 6 
months of age.”® Nonetheless, the presence of the drug 
in milk poses 2 potential hazards to the nursing infant 
— cardiovascular depression and hepatic damage ow- 
ing to hypersensitivity.? The former is presumably 
related to dose; the latter is not. Andersen?? reported 
that the average concentration of verapamil in milk is 
23% of the maternal serum level, resulting in a serum 
level of 2.1 ng/ml in the infant. Although this level of 
verapamil would not be expected to result in de- 
pressed cardiovascular function, hypersensitivity re- 
actions could still occur in the infant. In contrast, 
Inoue et al?! noted that the levels of verapamil in the 
mother's serum and milk were essentially equivalent, 
raising the projected plasma concentration in the in- 
fant to 20 ng/ml. Because the concentration of verapa- 
mil in nonionized form is quite high, similar concen- 
trations of verapamil would be expected in maternal 
serum and milk. Thus, the data of the latter study are 
more in keeping with calculated projections. Until fur- 
ther studies are done to determine the actual excretion 
rate of this drug into human milk and the effects of 
such an exposure on the infant, it is best for women 
using verapamil to avoid breast feeding. The lack of 
studies of this type for diltiazem and nifedipine also 
precludes their use in nursing mothers. 

Geriatrics: Because of the apparent microsomal 
oxidation of these drugs by the liver, the changes in 
both hepatic drug oxidation?? and hepatic blood flow?? 
noted during the aging process may call for conserva- 
tive dosing in elderly patients.*4 In a study done with 
diltiazem in elderly subjects (64 to 75 years), absorp- 
tion rate appeared to be reduced and half-life was 
prolonged from 6.6 + 0:13 hours in 20 to 30-year-old 
control subjects to 10.9 + 0.93 in elderly patients.?^ 
However, there was no change in the bioavail- 
ablity of the drug. Although these data are of interest, 
further studies are needed— particularly because this 
study evaluated only 3 patients. In general, informa- 
tion regarding the use of calcium entry blockers in the 
elderly population is lacking. Until more data are 
available, the tenet, “start low, go slow,” should apply 


to the use of these agents in patients over 70 years of 
age, considering the potential compromise in hepatic 
metabolism associated with aging. 

Liver disease: All 3 of the currently available calci- 
um entry blockers are extensively metabolized by the 
liver (Table I). Therefore, liver disease would most 
certainly have the potential to modify the pharmaco- 
kinetic parameters of those agents, with a resultant 
increase in half-life. Studies with verapamil have dem- 
onstrated that clearance may be reduced by approxi- 
mately 50% and half-life increased to 4 times that of 
normal controls.6 Bioavailability was found to be 
52.3% compared with 22% in control volunteers. These 
researchers suggest that cirrhotic patients should re- 
ceive half of the normal intravenous dose of verapamil 
or 20% of the normal oral dose in order to avoid unto- 
ward effects. Woodcock et al?" found considerable 
variation (3.8 to 6490) in the bioavailability of verapa- 
mil in subjects with liver disease, and recommend a 
dosage reduction to 33% of the normal dose. They 
stress that there is considerable interpatient variation 
and that some cirrhotic patients may have a “bioavail- 
ability actually lower than normal.” 38 Subsequent 
studies in patients with Laennec's cirrhosis have 
shown decreased plasma protein binding of verapamil 
in this population in association with a lower concen- 
tration of binding proteins. In these patients, higher 
steady-state levels of verapamil could be anticipated 
after intravenous, but not oral, administration.?? 
Thus, for cirrhotic patients, an intravenous dosage 
recommendation of 50% of the normal dose is appro- 
priate, as is a recommendation of cautious escalation 


of oral dose starting from 25% of the normal oral regi- 


men. Because of their significantly higher bioavail- 
ability, nifedipine and diltiazem would not be pre- 
sumed to demonstrate such marked changes in the 
presence of hepatic disease; however, a cautious ap- 
proach to dosage increase with these agents is still 
indicated. 

Renal disease: Reports regarding the use of either 
verapamil or diltiazem in patients with renal disease 
have identified differential dosing recommendations 
for these agents. Patients with advanced renal disease 
who had received either intravenous or oral verapamil 
showed a significant decrease in apparent volume of 
distribution, elimination half-life and total body clear- 
ance.?? The renal clearance of verapamil was signifi- 
cantly decreased from 0.38 to 0.004 ml/min/kg after 
intravenous doses. This was accompanied by a signifi- 
cant decrease in total clearance from 12.08 to 5.33 
ml/min/kg. Thus, dosages of verapamil should be low- 
ered significantly in uremic patients as well as in elder- 
ly patients in whom renal function may be compro- 
mised. In contrast, Pozet et al^! found that both diltia- 
zem and its main metabolite, desacetyldiltiazem, had 
similar pharmacokinetic profiles in patients with “se- 
verely impaired renal function" and in normal pa- 
tients. Although this contrast between diltiazem and 
verapamil may seem difficult to explain, one should 
consider that 3 to 4% of a dose of verapamil is excreted 
unchanged,‘ and this may indicate that as much as 30 
to 40% of the active drug is absorbed. Diltiazem, on the 
other hand, has high bioavailability (approximately 
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50%) and less than 1% is excreted unchanged; approxi- 
mately 2% of the absorbed dose was found in the urine. 
Although data are unavailable, nifedipine should have 
a profile similar to that of diltiazem, but caution 
should be observed with this drug until studies are 
performed. 

Diabetes mellitus: Verapamil reduces insulin re- 
lease in vitro in response to both glucose and sulfony- 
lureas.£? Because of this finding, there may be some 
concern regarding the use of these agents in the dia- 
betic patient. Rodjmark and Andersson*? found that 
both oral and intravenous verapamil actually im- 
proved tolerance to orally administered glucose in 
type II diabetics and had no effect on therapy with 
glibenclamide. There was also no effect on both glu- 
cose tolerance and release in normal individuals. Dil- 
tiazem therapy over an 8-day period showed no effect 
on plasma glucose, insulin or glucagon concentra- 
tions.4^^ Thus, it would appear that use of diltiazem 
should also be safe in diabetic patients, although trials 
have not been done in this specifc population. In con- 
trast, there are equivocal findings regarding nifedipine 
usage. There are reports of impaired glucose toler- 
ance, reduced insulin secretion and inhibition of 
glucagon suppression fé in noninsulin-dependent dia- 
betics; however, other studies have not been able to 
support these findings.^" Similarly, in insulin-depen- 
dent diabetics, nifedipine administration caused no 
change in plasma C peptide concentration.*? Thus, 
although use of both verapamil and diltiazem seems 
safe in the diabetic patient, caution should be exer- 
cised in the administration of nifedipine until further 
documentation is available. 


Drug Interactions 


Calcium entry blockers may interact with other 
drugs via either pharmacodynamic or pharmacokinet- 
ic mechanisms. Pharmacodynamic drug interactions 
are not discussed here in any detail, because the only 
ones that have been described in the clinical literature 
are obvious due to their synergistic nature—for exam- 
ple, the additive cardiodepressant actions of verapa- 
mil with disopyramide. Because of the potential atrio- 
ventricular nodal depression associated with both dil- 
tiazem and verapamil, caution should be used if 
patients are on therapy with disopyramide, quinidine, 
procainamide or other antiarrhythmic agents; if possi- 
ble, these combinations should be avoided. Concomi- 
tant use of 8 blockers has been addressed in another 
article in this issue;*9 existing data indicate that the 
combination of calcium entry blockers and 6 blockers 
can be tolerated safely in most patients. More caution 
is required in the use of verapamil and diltiazem, and 
B-blocker dosage should be decreased to approximate- 
ly 50% of the baseline dose during combination thera- 
py. It is probably best to avoid the use of the intrave- 
nous form of verapamil in patients taking 8 blockers. If 
this latter combination is to be used, it is best to 
discontinue propranolol 24 hours before administer- 
ing verapamil or to wait 12 to 24 hours after discon- 
tinuance of intravenous verapamil to initiate 6- 


blocker therapy. However, if it is deemed clinically 
essential to use such a combination, the patient should 
be monitored closely and cardiovascular supportive 
measures must be readily available. 

Several pharmacokinetic drug interactions (Table 
III) have been reported for calcium entry blockers. 
Many of these can be ascribed to the extensive hepatic 
metabolism of these drugs, but their clinical relevance 
remains to be evaluated. However, when other agents 
metabolized by the microsomal oxidative system are 
used concurrently, the practitioner should be aware of 
potential interactions for either drug. 

Cimetidine: Cimetidine, a widely used agent for 
gastrointestinal disorders, has been shown to reduce 
hepatic blood flow and inhibit hepatic microsomal oxi- 
dative function.®° When either oral or intravenous ver- 
apamil was administered to patients taking cimetidine 
(1,200 mg/day), oral bioavailability was increased 
from 26.3 to 49.3%. Despite this pronounced change in 
bioavailability, which was accompanied by a 39% de- 
crease in clearance, the investigators noted that there 
was no significant change in PR interval and conclud- 
ed that “in a patient taking oral verapamil, cimetidine 
would be unlikely to precipitate atrioventricular nodal 
conduction block."5! This finding must be cautiously 
interpreted, because the investigators used a single- 
dose methodology in verapamil administration and 
evaluation. If the drug were given chronically with 
cimetidine, there would be a chance for greater accu- 
mulation because of the increase in half-life associated 
with long-term dosing.®!*!5 Thus, patients using 
these 2 drugs simultaneously should be closely moni- 
tored for hypotension, constipation, atrioventricular 
nodal depression and other dose-related adverse ef- 
fects. If these reactions occur, the dosage of verapamil 
should be reduced. In another study, 6 normal subjects 
were given 40 mg/day of nifedipine for 1 week with 
1,000 mg/day of cimetidine, or nifedipine alone in a 
crossover protocol? An 80% increase in area-under- 
the-plasma-concentration-time curve and in maximal 
plasma concentration was reported during concurrent 
therapy. Plasma clearance of nifedipine was reduced 
by 40% in the presence of cimetidine. When ranitidine 
was administered concomitantly with nifedipine, 
there were no significant effects on the calcium en- 
try-blocker concentration (although a slight increase 
in plasma nifedipine levels was noted). In an addition- 
al study of 7 hypertensive patients, cimetidine admin- 
istration resulted in a significant exacerbation of the 
hypotensive adverse effects of nifedipine dosing. 
Thus, if therapy is needed for concurrent ulcer disease 
in a patient requiring calcium entry-blocker therapy, 
it is best to use either ranitidine or sucralfate; neither 
of these agents has been shown to interact with calci- 
um entry blockers. . 

Smoking: Cigarette smoking has been shown to 
stimulate both the heart rate and the activity of hepat- 
ic microsomal oxidases. These effects would be 
antagonistic to the action of any antianginal agent, 
because increased heart rate increases myocardial ox- 
ygen demand, while increased drug metabolism re- 
sults in lower plasma levels of the drug compared with 
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those of a nonsmoker. In a study comparing the effects 
of smoking on the antianginal actions of propranolol, 
atenolol and nifedipine, it appeared that smoking had 
the greatest antagonistic effect on nifedipine, because 
patients showed the greatest improvement after cessa- 
tion of smoking while taking this agent.53 However, the 
interaction appeared to be more of a pharmacodynam- 
ic rather than a pharmacokinetic antagonism, because 
plasma levels of nifedipine did not differ significantly 
during the smoking and nonsmoking phases of the 
study. 

Digoxin: Although all 3 of the currently available 
calcium entry blockers have been shown to interact 
with digoxin, the nature and intensity of the interac- 
tion vary from drug to drug. In a study with diltiazem, 
subjects received a single oral dose of 0.5 mg digoxin in 
the presence or absence of 1-week pretreatment with 
90 mg/day diltiazem. Diltiazem was found to increase 
the plasma levels of digoxin 3 to 12 hours after digoxin 
dosing with a concomitant decrease in oral clearance 
from 3.05 to 2.31 ml/min/kg. There were no significant 
changes in absorption, peak concentration time, dis- 
tribution half-life, elimination half-life or apparent 
volume of distribution.*4 A subsequent study with dil- 
tiazem at 180 mg/day indicated that digoxin half-life 
was prolonged from 36.7 to 44.5 hours during combina- 
tion therapy.?? Total digoxin clearance was decreased 
by 26.9%, although renal clearance did not decrease 
significantly (16.25% reduction). Digoxin had no effect 
on the pharmacokinetic parameters of diltiazem. The 
combined use of diltiazem and digoxin should be 
avoided in patients being maintained at plasma digox- 
in concentrations >1.5 ng/ml and in patients with 
known renal dysfunction. Caution should be used in 
elderly patients, and therapy with diltiazem in digita- 
lized patients should be initiated with close observa- 
tion for signs of toxicity. 

There are conflicting clinical reports regarding the 
the interaction of nifedipine with digoxin. An initial 
report indicated that nifedipine at 30 mg/day for 2 
weeks would increase the plasma digoxin level by 
4590.56 However, a subsequent study noted that nifedi- 
pine actually increased the extrarenal clearance of di- 
goxin and had no significant effect on renal digoxin 
clearance, distribution or elimination half-life.5" This 
latter study was criticized because of the use of an 
intravenous challenge with digoxin rather than the 
conventional oral therapy; however, subsequent stud- 
ies have demonstrated that concurrent administration 
of oral nifedipine had no effect on levels of digoxin in 
either normal subjects®® or cardiac patients.5969 Thus, 
it would appear safe to use this drug in digitalized 
patients, but good clinical practice dictates that the 
initiation of any new medication in the cardiac patient 
requires careful assessment and monitoring. 

In a number of clinical studies, verapamil has been 
found to have pronounced effects on the pharmacoki- 
netics of digoxin. Klein et al?! initially reported a 69% 
mean increase in serum digoxin levels when verapamil 
(240 mg/day) was administered concurrently. Subse- 
quent studies have shown similar increases in serum 
digoxin concentration associated with concomitant 


TABLE Ill Pharmacokinetic Drug Interactions with 


Calcium Entry Blockers 
Drug Calcium Entry Recommendations 
Blocker 
Cimetidine Diltiazem, Reduce dosage by 5096 
verapamil, initially and titrate slowly 
nifedipine or use ranitidine or 
sucralfate 
Digoxin Diltiazem If digoxin level is » 1.5 
ng/ml, use with extreme 
caution and monitor 
closely; reduce digoxin 
dose as needed 
Digoxin Nifedipine Appears to be safe, but 
monitor closely and 
reduce digoxin dosage if 
needed (see text) 
Digoxin Verapamil Reduce digoxin dosage by 
33 to 5096 and monitor 
carefully 
Quinidine Nifedipine Serum quinidine 


concentrations may be 
markedly lowered in the 
presence of nifedipine; if 
this occurs, discontinue 
nifedipine and monitor for 
rebound increase in 
serum quinidine 


verapamil dosing in both healthy volunteers5662 and — 
patients with chronic atrial fibrillation.9? In the latter 
study, in which 49 patients were evaluated, plasma - 
digoxin levels rose from 0.76 to 1.31 ng/ml when con- 
comitant therapy with verapamil (240 mg/day) was 
used. Doses greater than 240 mg/day had no more 
significant effect, but the increase in serum digoxin 
was dose-dependent up to that level. Maximum digox- 
in concentrations were noted 1 week after initiation of 
verapamil and returned to baseline 2 weeks after the 
last dose of the drug. Three mechanisms have been 
postulated to explain the basis of this drug interaction: 
decreased renal digoxin clearance,®? decreased non- 
renal digoxin clearance®? and decreased volume of dis- 
tribution for digoxin.9? Further research is needed to 
assess the contribution of each of these potential 
mechanisms. The clinical relevance of this interaction 
is pointed out in the initial studies done by Klein et 
al,9! in which 7 of 49 patients receiving combination 
therapy with verapamil and digoxin had signs of di- 
goxin intoxication. In a more recent report, Zatuchni® 
described 2 patients (73 and 77 years old) with a histo- 
ry of cardiac disease who received either oral or intra- 
venous verapamil while being maintained on digoxin. 
After 7 days of combination therapy, levels of serum 
digoxin peaked at 4 ng/ml, and both patients died. If a 
patient is to be maintained on a combination regimen 
of this type, digoxin dosage should be reduced by 50%, 
and frequent serum digoxin measurements should be 
taken to avoid toxicity. 

Quinidine: Although the potential pharmacody- 
namic interaction between verapamil (and, possibly, 
diltiazem) and quinidine has been mentioned previ- 
ously, a pharmacokinetic interaction apparently oc- 
curs between nifedipine and quinidine in some pa- 
tients. Farringer et al® reported 2 cases in which con- 
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current nifedipine therapy appeared to decrease 
serum quinidine levels. Discontinuation of nifedipine 
therapy resulted in an increase in serum quinidine 
concentration from 2 to 2.5 to 4.6 ug/ml in one case and 
from 1.7 to 4 ug/ml in the other. Thus, this combina- 
tion should be used with caution, particularly because 
of the rebound increase in serum quinidine levels after 
nifedipine is discontinued. Similarly, if adequate se- 
rum concentrations of quinidine cannot be attained, 
concurrent nifedipine administration should be ruled 
out as a cause of this problem before larger quinidine 
doses are ordered. 

At present, there is no clinical documentation to 
support the notion that other drugs may interact with 
the calcium entry blockers. However, the practitioner 
should keep in mind the possibility of interactions 
with such other agents as antidiabetic medications, 
agents that affect microsomal oxidative metabolism 
(e.g., disulfiram) and agents that have been shown to 
inhibit calmodulin (phenothiazine antipsychotic 
drugs or tricyclic antidepressants are examples of such 
agents). Each of these agents possesses the mechanis- 
tic potential to affect the response to calcium entry 
blockers. 

In sümmary, there are a number of clinical situa- 
tions in which the dosage of calcium entry blockers 
must be modified. Tables II and III summarize them. 
In most of these situations, it is still possible to achieve 
an optimal response to the calcium entry blocker if 
dosage is modified accordingly. However, as in all clin- 
ical situations, the practitioner must not only modify 
dosage, but should also monitor the patient more fre- 
quently for potential adverse reactions. 
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A Symposium: Transdermal Nitroglycerin—Maximizing Therapeutic Efficacy 


Introduction 


WILLIAM H. FRISHMAN, MD 


Nitroglycerin is the oldest pharmacotherapy for the 
treatment of angina pectoris. In addition to sublingual 
nitroglycerin, longer-acting preparations are available 
to provide angina prophylaxis. The most recent for- 
mulation of nitroglycerin devised to provide long-act- 
ing effect is the transcutaneous sustained-release 
patch. Since its introduction in 1981, transdermal ni- 
troglycerin has gained wide acceptance in the clinical 
community. Recently, however, questions have arisen 
regarding the most efficacious use of transdermal 
patches. The clinical situations in which patches may 
best be used and the manner in which they should be 
administered have emerged as pivotal issues and are 
now being evaluated. In July 1985, a symposium was 
held in New York, New York, to discuss the nitrates 
and to update the available knowledge on the utility of 
the transcutaneous formulation. This symposium sup- 
plement reports on these proceedings. 

The symposium Chairman, Dr. Stephen Scheidt, 
began with an update on transdermal nitroglycerin 
that included a detailed and critical overview of the 
clinical trials that have been conducted using trans- 
dermal patches. Dr. Scheidt emphasized that differ- 
ences in protocol design currently make it impossible 
to reach firm conclusions about the true clinical role of 
the patches in the long-term management of angina, 
but noted that there is definitely an indication that the 


e * . . TE . . 
patches are effective in certain clinical situations. 


This author then provided an overview of the phar- 
macology of nitrates, which included their mechanism 
of action and clinical pharmacology. Dr. Jan Weber 
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followed with a hard look at designs of clinical investi- 
gation of antianginal drugs. The difficulties in carrying 
out an ideal antianginal drug study were highlighted. 

Silent myocardial ischemia, a subject currently of 
great concern and interest, was discussed by Dr. An- 
drew Selwyn. Dr. William Shell followed with a pre- 
liminary study demonstrating the potential utility of 
transcutaneous nitroglycerin patches for silent isch- 
emia. Dr. John Parker then addressed the problem of 
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nitrate attenuation or “tolerance,” specifically analyz- 
ing sustained-release nitroglycerin preparations. Dr. 
John Flaherty proposed alternative dosing strategies 
for the transcutaneous patches as a potential means of 
avoiding tolerance. 

Now in its second century of clinical use, nitroglyc- 
erin is a mainstay of antianginal therapy. Innovative 
delivery systems have certainly extended the use of 
nitroglycerin beyond the acute painful attack. We are 
still attempting to learn definitively how the drug im- 
proves angina on the hemodynamic and cellular levels, 





and how it can be used most beneficially in all of its 
dosage forms. A unique multicenter trial with nitro- 
glycerin patches is now in progress in conjunction with 
the Food and Drug Administration, the academic 
community and industry. This study will hopefully 
provide us with the necessary information on which to 
base clinical decision-making for the full range of angi- 
na patients. We look forward to the results of this trial 
so that we can determine the most effective use of the 
transcutaneous patches for the management of angina 
pectoris in years to come. 
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Update on Transdermal Nitroglycerin: An Overview 
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STEPHEN SCHEIDT, MD ie 


Nitroglycerin (NTG) and its congeners have been used 
for the therapy of angina pectoris for over 100 years.! 
Sublingual administration provides rapid absorption, 
immediate therapeutic blood levels and rapid relief of 
acute anginal attacks, with a total duration of action of 
15 to 30 minutes. For more prolonged action, organic 
nitrate esters, including isosorbide dinitrate, pentaer- 
ythrityl tetranitrate and others, were designed to over- 
come the extensive enterohepatic clearance of NTG. 
Indeed, such drugs can provide hemodynamic and 
clinical actions of nitrates for several hours. However, 
there is wide interindividual variability in absorption 
and metabolism, and such agents must often be ad- 
ministered 4 to 6 times a day. 

Another approach to prolonging nitrate action has 
been alternative delivery systems for NTG itself. This 
includes oral time-release capsules that release NTG 
slowly into the gastrointestinal tract, lozenges that are 
placed in a buccal pouch and absorbed slowly through 
the mucous membrane of the cheek as the lozenge 
dissolves? and transdermal NTG delivery. NTG oint- 
ment has been available since 1955 but has been used 
widely following a report by Reichek et al? in 1974. 
Absorption of NTG through the skin or mucous mem- 
branes, of course, provides direct venous access, 
bypassing the gastrointestinal tract and the enterohe- 
patic circulation. However, the ointment produces 
variable plasma levels, depending on the area 
of application,‘ and is clinically effective for only 3 to 
5 hours.? Further, it is sometimes messy and incon- 
venient to apply. 

In late 1981, 3 transdermal NTG delivery systems 
were marketed: Nitro-Dur® (Key Pharmaceuticals), 
Nitrodisc® (Searle Pharmaceuticals) and Transderm- 
Nitro® (Ciba Pharmaceuticals). Transdermal patches 
release NTG at a constant rate over at least 24 hours. 
The rate of drug release is determined solely by the 
area of the patch, following 0-order kinetics. Drug 
delivery is largely unaffected by skin characteristics, 
patch location or other physiologic characteristics of 
the patient, rather than being regulated by the device 
itself. NTG plasma levels are dose dependent, and 
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steady-state plasma levels are reached within 2 hours 
and maintained for at least 24 hours.» NTG pisei 
levels achieved with transdermal patches have been 
reported to range from 0.1 to 0.4 ng/ml for patch sizes © 
between 2.5 and 20 mg/24 hours.9? This may be below 
the lower limit of the therapeutic range for plasma 
NTG, which is generally accepted as approximately 3 
1.0 ng/ml. 5 However, the method of measuring NTG- 
plasma levels is controversial. Assays are difficult to — P. 
perform, improper sample handling may lead tolossof — 
the volatile drug and there is disagreement about the — 
value of measuring venous plasma levels, because the — 
sampling site is downstream from most areas of NTG | 
uptake. Although some investigators have suggested - 
that measurement of arterial NTG levels would be | 
much more valuable, few reports are available. 

Although transdermal NTG patches have been . 
widely accepted, their use has stimulated much con- ^ 
troversy. Several recent editorials?!? have noted the E 
dearth of large well-controlled studies proving efficacy 
of these systems, and much work must be done before — 
firm conclusions can be drawn. However, a surprising- 
ly large number of studies have been performed, albeit _ 
with relatively small numbers of patients; results are | 
summarized in Tables I and II. 

One group of trials may be termed "short term"; 
they generally involve monitoring of clinical and het 1 
modynamic variables for up to 24 hours after applica- A 
tion of transdermal NTG. Reichek et al! studied - 
low- and high-dose transdermal NTG; the low dose E 
was determined by titration to achieve a decrease in. 
systolic blood pressure of at least 10 mm Hg or an 
increase in heart beat of at least 10 beats/min, and the x 
high dose was the maximum tolerated by the patient, , ; 
short of incapacitating headache or other major side 
effects. The mean low dose was 9.4 mg and the mean 
high dose 24 mg (Nitrodisc) or 22 mg (Transderm- 
Nitro). At 4 hours after patch application, bicycle ex- 
ercise time increased 7% with low-dose transdermal 
NTG, and 29 and 39% with high-dose Nitrodisc and — 
Transderm-Nitro therapy, respectively, although | 
none of these increases achieved statisticál signifi- 
cance. At 24 hours, the effects were small ahd not 
statistically significant. 

Parker et al? studied Nitro-Dur in doses of 5, 10, 15, 

30 and 45 mg/hour. At 4 hours after patch application, ne 
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Short-Term (less than 1 day) Clinical Trials of Transdermal Nitroglycerin 


E for Angina 
| , Exercise Time 
e First (Dose) Other Pts. Increase vs Placebo 
: Author Preparation (mg/24hr) Therapy (n) Early (4 hr) Late (24 hr) 
àp Reichek"' Nitrodisc 9.4 mean? Yes 7 7% —496 
e Nitrodisc 24 mean^ 8 29 96 5 96 
Bm Transderm-Nitro —— 22 mean? 5 39% 0 
m Parker '? Nitro-Dur 5 1/11 11 9961 696 
Es 10 11 9961 4% 
vm 15 11 6961 —2% 
P 30 6 35961 396 
s 45 6 3196 696 * 
Hollenberg!? ^ Nitro-Dur 2.5 ? 10 2 96 
1 5 10 2% 
10 10 6% 
Naafs'4 Transderm-Nitro 5 No 10 16%°* 
Cerri!* Transderm-Nitro 5 No 20 28964* 2096 
f 10 20 30 964* 1596 
e Pucci'® Nitro-Dur 10 2/10 10 63964e* 4596 9/!* 
e * p <0.01; t p «0.05. 
r^. a Dose titrated to increase heart rate = 10 beats/min or decrease systolic blood pressure = 10 mm Hg. 
E ? Maximal tolerated dose short of incapacitating headache or other severe side effects. 
ze. © Studied at 12 to 16 hours after patch application. 
B å Studied at 3 hours after patch application. 
Be. e Total work performed. 
Bur f Studied at 21 hours after patch application. 
EL 
m 


treadmill exercise duration was significantly pro- 
. longed for most doses. However, only the largest dose, 
45 mg, prolonged exercise at 24 hours, and this 6% 
increase, although statistically significant, appears 
E biologically of minor importance. 
f Hollenberg et al!? studied 2.5, 5 and 10 mg of Nitro- 
- Dur at 4 and 7 hours after patch application. Although 
z total exercise time changed little, a computerized 
ST-segment analysis, termed the “treadmill exercise 
É Score," was reported to improve by 30% compared 
" with placebo for all transdermal doses studied; 0.6 mg 
of sublingual NTG showed an even greater improve- 
E ment in the treadmill exercise score. 
—  Naafs et al!* reported a 16% prolongation of tread- 
_ mill exercise compared with placebo, as well as a delay 
‘in development of angina during exercise, evaluated 
i to 16 hours after patch application. 
-Cerri et al!® found significant improvements of 28 
and 30% in exercise time 3 hours after administration 
| of 5 and 10 mg of Transderm-Nitro, respectively, i ina 
nrandomized crossover study; at 24 hours, improve- 
ment i in bicycle exercise time was 20 and 1596 over 
_ placebo for the 5- and 10-mg doses, respectively, but 
e statistical significance was no longer achieved. 
— Finally, in a nonrandomized, nonblinded study, 
-Pucci et al? compared Nitro-Dur, 10 mg/24 hours, to 
isosorbide dinitrate, 20 mg 3 times a day. Reporting 
. total work performed on a bicycle rather than exercise 
. duration, transdermal NTG produced a 6396 increase 
in total work at 3 hours compared with placebo and a 
1 4596 increase at 24 hours, with similar benefit for iso- 
sorbide dinitrate. 
* . Tosummarize, these short-term trials show increase 
in exercise time compared with placebo at 4 hours 
after patch administration for both small- and large- 
. dose transdermal NTG. At 24 hours after transdermal 
NTG administration, benefit is more difficult to 
show. 


here ape TE 










Long-Term Studies 

In long-term drug trials, a constant dose of transder- 
mal NTG is administered for 1 week or longer, and 
stress testing is done after administration of the final 
NTG patch. Parker and Fung!? found no improve- 
ment in exercise time, either at 4 or 24 hours after 
Nitro-Dur, 15 mg, after 2 weeks of chronic therapy. 
Hollenberg and Go!? reported a 25% increase in time 
to 1 mm of ST-segment depression in 5 patients given 
Nitro-Dur, 5 mg/day for 4 weeks. Crean et al!” admin- 
istered Transderm-Nitro, 5 mg/day to 11 patients for 
two 2-week crossover periods, and reported a 5% in- 
crease in exercise time compared with placebo for the 
first 2-week period, but a 17% decrease for the third 
and fourth weeks. Using the maximal tolerated dose of 
Transderm-Nitro, 10 to 20 mg, they found a 21% in- 
crease in total exercise time conipared with placebo 
(difference not significant). 

Thompson!? reported a 30% increase in exercise 
time at 4 hours and a 25% increase at 26 hours (both p 
« 0.01) after administration of the maximal tolerated 
dose of Nitrodisc, between 10 and 20 mg, varying ac- 
cording to individual patients. 

Martines!? administered Transderm-Nitro, 5 and 
10 mg, for 3 weeks and found a 33% increase in exercise 
time for the smaller and a 59% increase for the larger 
dose (both p <0.01), when measured 3 hours after the 
last transdermal NTG application. 

Imhof et al? compared Transderm-Nitro, 5 mg, 
with isosorbide dinitrate, 40 mg 2 times a day, and 
measured exercise tolerance 3 to 4 hours after the last 
patch of 2 weeks of therapy. Transdermal NTG signif- 
icantly prolonged exercise time by 36% compared with 
baseline measurement (p «0.01); there was also a mi- 
nor and insignificant improvement compared with iso- 
sorbide dinitrate. 

Wester and Mouselimis?! compared Transderm-Ni- 
tro, 5 mg, with nifedipine, 20 mg 2 times a day, in an 





December 27, 1985 — THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 





TABLE l| Long-Term Clinical Trials of Transdermal Nitroglycerin (TD-NTG) for Angina 
TD-NTG Exercise Time 
Increase vs Placebo (P) Anginal Episodes Sublingual NTG 
Dose DUM os Lista EON 
First Prepa- (mg/24 Dura- Pts. Early Late (n/week) (tablet/week) 
Author ration hr) ation (n) (4 hr)? (24 hr? P TD-NTG P TD-NTG Other Results 
Parker? Nitro- 15 2 weeks 11 —5% 7% Sublingual NTG 5 hr 
Dur after TD-NTG in- 
creased exercise 
time 23% vs TD- 
NTG 
13 Nitro- 5 4 weeks 5 25% increased 
eg Dur time to 1-mm ST 
depression 
Crean" Trans- 5 1 week 11 596 (wks 1-2) 9 10(+11%) 14 13 (—796) 35% fewer min- 
derm — 1796 (wks 3-4) utes, 7% fewer 
episodes ST de- 
pression per 96 
hours continuous 
monitoring (both 
NS) 
Trans- 10-20? 1 week 9 21% 
derm 
Thompson’? Nitro- 10-20? 10 days 8 30%t 25961€ 32 12(—6396) 
disc 
Martines 9 Trans- 5 3 weeks 24 33%% * 7.7 2.6(—66%)* 8.2 3.2(—61%)* 51% increase in 
derm total work* 
10 3 weeks 24 59964 * 0.7 (-9196)* 0.8 (—9096)* 98% increase in 
total work* 
Imhof?? Trans- 5 2 weeks 10 36% * 19  43(—7896) 19 3.9(—8096)' X Exercise time in- 
derm creased 34% 
with isosorbide, 
40 mg* 
Wester?' Trans- 5 2 weeks 12 2396* * 4.2 2.1(—5096)* 3.2 1.6(—5096)* Exercise time in- 
derm creased 2396 
with nifedipine, 
20 mg* 
Sullivan?? Trans- 10 3 days 16 0 —4.5% No consistent pattern 
derm 
Georgo- Trans- 5 1-2 weeks 13 10.8 4.0(—63%) (-67 96) Sum of all ST de- 
poulos?’ derm pressions with 
exercise reduced 
51% by TD-NTG 
compared to P 
Eberhart Trans- 5 1 week 12 13%! 25% increase in 
derm total work* 
Yasky Trans- 20 1 week 16 6896! 8996 increase in 
derm total work *; 
126% increased 
time to 1-mm ST 
depression 
Andreoli Trans- 5 3 weeks 28 3596 * 7.4 3.3(—5596)* 7.2 4.1(—5796)* 68% increase in 
derm total work* 
Trans- 10 3 weeks 28 65% * 1.4 (—82%)* 1.0 (—86%)* 129% increase in 
derm total work* 
Kapoor Trans- 5 2 weeks 30 35%9* 10 4(-—60%)* 9 3(-67%)* 
derm 





* p <0.01;' p «0.05. 


? Time after application of final patch of chronic dosing interval. 


? Maximal tolerated dose (Table |). 
* Studied at 26 hours after last patch application. 
? Studied at 3 hours after last patch application. 
* Studied at 2 hours after last patch application. 


f Not analyzed for statistical significance. 


9 Studied at 48 hours after last patch application. 
NS = not significant. 


open crossover experiment. After 2 weeks of continu- 
ous therapy, duration of bicycle exercise, performed 2 
hours after patch application, increased 23% with 
Transderm-Nitro compared with baseline (p <0.01). 
Nifedipine showed similar benefit. 

Sullivan et al?? administered Transderm-Nitro, 10 
mg, in a study intermediate between “short” and “long 
term," using a 3-day lead-in period. There was no 
difference in exercise time 1 hour after transdermal 


NTG or placebo and a 4.5% decrease in peak exerci 
time with NTG compared with placebo at 24 hou 
(difference not significant). 

Georgopoulos et al?? administered Transderm-N 
tro, 5 mg, for 1 to 2 weeks. Exercise duration was m 
measured, but ST-segment depression at miatche 
treadmill times was reported to be improved 51% I 
transdermal N'TG at 2, 8 and 24 hours after pat« 
application. 


vi A OYNITUOIUN:- v5 J 





Finally, 4 as yet unpublished trials used Transderm- 
Nitro in varying doses. Eberhardt* and Yasky* ad- 
ministered Transderm-Nitro, 5 mg and 20 mg, respec- 
tively, for 1 week in 12 and 16 patients in double-blind, 
placebo-controlled, crossover protocols. Twenty-four 
-hours after application of the last patch, Eberhardt 
found a 25% increase in total work and Yasky demon- 
strated an 89% increase in total work, both reported as 
statistically significant. Exercise time was increased 
by 13 and 68%, respectively, but this parameter was 
not included in analysis for statistical significance. 
 Andreoli* gave Transderm-Nitro 5 and 10 mg for 3 
- weeks to 28 patients in a double-blind, crossover trial. 
 Twenty-four hours after application of the last patch, 
exercise time was prolonged 3546 for the 5-mg dosage 
and 65% for the 10-mg dosage (both p <0.01). Kapoor* 
administered Transderm-Nitro, 5 mg, for 2 weeks in a 
double-blind, placebo-controlled, crossover trial in 30 
patients. Exercise duration increased 35% 48 hours 
after application of the last patch (p «0.01). 

Thus, results of the long-term trials are mixed, with 
several published studies showing statistically signifi- 
cant increases in exercise time within 2 to 4 hours after 
application of the last patch,!*?! whereas only 1 pub- 
lished study!? revealed a statistically significant in- 
_ crease in exercise time 24 hours or more after applica- 
- tion of the last patch. On the other hand, many trials 
found improvement in parameters other than the 

stringent one of total exercise time. Indeed, of the 13 
trials listed in Table II, 4 showed statistically signifi- 
cant improvement in exercise time at 2 to 4 hours,!5-?! 
2 showed improvement at 24 to 26 hours (Thompson!® 
and Andreoli*), 1 showed improvement at 48 hours 
-(Kapoor*) and 2 additional trials reported total work 
rather than exercise time, and this was significantly 
improved at 24 hours (Eberhardt and Yasky*). In 1 
Study exercise times were not reported?? and in only 
_ 412,13.17,.22 were the results completely negative. Even 
among these 4 negative trials, one showed 25% in- 
creased time to 1 mm of ST-segment depression,!? and 
 another!7 showed 35% fewer minutes and 7% fewer 
episodes of ST-segment depression in 96 hours of con- 
tinuous Holter monitoring, although these did not at- 
tain statistical significance. 

'There are a number of reasons for the inconsisten- 
- cies in data. Study design varies considerably. Some 
studies were randomized, some were placebo con- 
- trolled or crossover, and some, but not all, were double 
- blind. Further, even if study design was blinded, it is 
_ unclear how successful the blinding was, because NTG 
tends to be distinguishable from placebo both to the 
. patient, because of such symptoms as headache, and to 
physicians, because of decreases in blood pressure or 
 jncreases in heart rate. Some studies allowed other 
 antianginal therapy and some did not. In several stud- 
_ies it is impossible to determine whether or not other 
therapy was administered concomitantly. The Methods 

section of many published studies is not sufficiently 
detailed tó determine the relative severity of coronary 


* Personal communication, H. Rosenbach, CIBA Medical Affairs, 
Summit, New Jersey. 
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artery disease. In most cases, coronary angiograms 
were not required, and anatomic disease in some 
groups of study patients may have been considerably 
more severe than in others. 

A cause of considerable concern is the frequent reli- 
ance on patients who have participated in previous 
trials of antianginal drugs. The whole question of 
“training effects” with repeated exercise testing is not 
addressed or sufficiently detailed in most published 
studies. 

The number of patients was exceedingly small in all 
of these trials, averaging 10 in the trials of acute thera- 
py (range 5 to 20) and 14.6 in the trials of chronic 
therapy (range 5 to 28). In many cases, results were 
reported that would appear to have clinical signifi- 
cance, yet statistical significance was not achieved. 
This is perhaps most striking in the oft-cited “nega- 
tive” studies of Reichek et al,’ in which 29 and 39% 
increases in exercise time did not achieve statistical 
significance, perhaps because only 8 and 5 patients 
were studied with maximal tolerated doses of Nitro- 
disc and Transderm-Nitro, respectively. 

The final and perhaps most difficult issue to address 
is the question of what measure of efficacy is clinically 
most relevant. Because of its widespread availability, 
possible correlation with prognosis and ease of objec- 
tive comparison, maximal stress testing is often used, 
and total exercise time is widely regarded as perhaps 
the most important measurement of efficacy of any 
antianginal agent. However, exercise to the point of 
pain is an unusual situation for the average angina 
patient in daily life. For most physicians, prevention 
of anginal episodes or increase in the amount of exer- 
cise that can be done short of angina, is the general 
goal of therapy. Five of the long-term trials summa- 
rized in Table II did indeed reveal significant reduc- 
tions in number of anginal episodes or sublingual NTG 
consumption, or both, with a median reduction of 63% 
in anginal episodes and 67% in NTG consumption, 
although such results are generally discounted as too 
subjective. 

Electrocardiographic ST-segment changes in pa- 
tients with angina will be discussed under the rubric of 
“silent ischemia” elsewhere in this symposium. If such 
electrocardiographic changes do indeed represent 
ischemia, they may provide objective means of quanti- 
fying the antiischemic effect of NTG or any other drug 
on daily activities short of those producing pain. Un- 
fortunately, the data are too sparse in published trans- 
dermal NTG trials to permit even the most tentative 
of conclusions concerning this therapeutic endpoint. 

Given the small number of trials, the differences in 
study design, the frequent lack of individualized or 
titrated dosage of transdermal nitroglycerin, the small 
numbers of patients in most trials, the differences in 
patient selection and the reliance on only a single 
objective measurement of efficacy, the exercise stress 
test, it is not surprising that no clear answer is avail- 
able concerning the efficacy of transdermal NTG. The 
final conclusion probably will not be either so enthusi- 
astically favorable as greeted the transdermal NTG 
patches when first released or so unfavorable as recent 
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reviews have suggested. Until more research is report- 
ed, physicians must recognize that there will be vari- 
ability in responses of individual patients, as well as in 
doses of transdermal NTG needed to achieve the opti- 
mal response. 


Ww 
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Pharmacology of the Nitrates in Angina Pectoris 


WILLIAM H. FRISHMAN, MD 


Nitrate therapy is the oldest treatment modality for 
angina pectoris. In addition to sublingual nitroglycerin, 


. longer-acting preparations are available to provide 
. angina prophylaxis. Nitrates work as venodilators and 


arterial dilators, and by these actions in patients with 


angina pectoris can reduce myocardial oxygen de- 


- mands while maintaining or increasing coronary artery 


flow. On the cellular level, they may increase endo- 
thelial prostacyclin release to cause their vasodilating 
effects. Long-acting nitrates are available in sublin- 
gual, chewable, oral, buccal and topical forms. The 
topical forms include nitroglycerin paste and transcu- 
taneous patches. Long-acting nitrates have a duration 


of action of 2 to 24 hours, depending on the prepara- 
tion used. The transcutaneous patches, which provide 
the longest duration of activity, are being reexamined 
regarding long-term efficacy and drug tolerance. Ni- 
trates are also available in an intravenous form and in 
a short-acting sublingual spray soon to be released. 
The safety of nitrates has been confirmed. Their he- 
modynamic and safety profiles allow them to be com- 
bined with calcium-channel blockers, 6-adrenergic 
blockers or both when trying to improve on the antian- 
ginal efficacy of single-drug therapy. 


(Am J Cardiol 1985;56:81- 131) 





Organic nitrates are the oldest and most frequently 
used medications for the urgent treatment of angina 
pectoris. Nitroglycerin (N'TG) was first synthesized by 
Sobrero in 1846, and he observed that a small quantity 


of the oily substance placed under the tongue elicited a 


- severe headache. In 1847, Hering developed the sub- 


lingual dosage form of NTG, which he advocated for 


- treatment of a number of diseases. In 1857, Brunton 


- administered amy] nitrite, a known vasodepressor, by 


inhalation and noted that anginal pain was relieved 
_ within 30 to 60 seconds. The action of amyl nitrite was 


transient, however, and the dosage was difficult to 


. adjust. In 1879, Murrell decided that the action of 
NTG was similar to that of amyl nitrite and used 
- sublingual NTG for the relief of acute anginal attacks 


and as a prophylactic agent to be taken before exer- 
cise. In 1939, Krantz et al! reported on their discovery 
of isosorbide dinitrate. The observations that organic 
nitrates could be used safely for the rapid and long- 


term alleviation of angina pectoris led to the wide- 


Spread acceptance of these compounds. 


Chemistry 


Organic nitrates are polyol esters of nitric acid, 
whereas organic nitrites are esters of nitrous acid. Ni- 
trate esters (C-O-NO3) and nitrite esters (C-O-NO;) 
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are characterized by a sequence of carbon, oxygen and 
nitrogen, whereas nitro compounds (which are not va- 
sodilators) possess carbon-nitrogen bonds (C-NO;). 
Thus, glyceryl trinitrate (commonly called nitro) is 
not a nitro compound and is erroneously called nitro- 
glycerin. However, this nomenclature is in widespread 
use and will be used throughout this review. 

Amy] nitrite is a highly volatile liquid that is admin- 
istered by inhalation. Organic nitrates of low molecu- 
lar weight, such as NTG, are moderately volatile, oily 
liquids, whereas high-molecular-weight nitrate esters, 
such as erythrityl tetranitrate and isosorbide dinitrate 
(ISDN), are solids. The fully nitrated polyols are par- 
tially soluble, and incompletely nitrated compounds 
are more soluble in water.” 


Hemodynamic Effects 


NTG and organic nitrates are direct dilators of ar- 
teries and veins (Table I).? The drugs have no direct 
effects on the myocardium or the cardiac conduction 
system. Nitrates are taken up directly by blood ves- 
sels, which, along with the liver, are involved with 
metabolic degradation of the drugs.‘ 

Nitrates in low plasma concentrations dilate the 
veins.? Maximal venodilation is observed with small to 
moderate doses of nitrates. Arterial vasodilation be- 
comes more pronounced at higher plasma and tissue 
nitrate concentrations. With even higher nitrate con- 
centrations, dilation of the systemic and coronary ar- 
teriolar circulations occur, with a reduction in both 
peripheral and coronary vascular resistances. 
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The magnitude of the vascular response to short- 


term administration of nitrates parallels the adminis- 
tered dose. However, with long-term administration, 
the dose-response relation is not seen, probably sec- 
ondary to nitrate metabolite accumulation. Whether 
the responsiveness of various regional circulations dif- 
fer in response to nitrates is not known. 


Cellular Mechanisms of Nitrate Action 


Nitrates are believed to induce vasodilation by in- 
teracting with sulfhydryl groups on nitrate receptors 
on cell membranes.” Nitrates also combine with sulf- 
hydryls within smooth muscles, where they are con- 
verted to S-nitrosothiols. These are short-lived 
compounds that induce an increase in cyclic gua- 
nosine monophosphate production, which triggers 
vasodilation.® 

Recent studies suggest that the prostaglandins may 
play a role in NTG-induced vasodilation.?:!° In open- 
chest dogs, NTG caused a significant increase in coro- 
nary sinus prostaglandin E concentration, which cor- 
related with an increase in heart rate, a decrease in 
mean arterial blood pressure, an increase in mean cor- 
onary artery blood flow and a decrease in mean coro- 
nary resistance. After administration of indomethacin 
(5 mg/kg), trinitroglycerin infusion produced a signifi- 
cantly smaller decrease in coronary vascular resistance 
and systemic blood pressure and no increase in coro- 
nary sinus prostaglandin E concentration.? Based on 
these results, Morcillio et al? concluded that the mech- 
anism of action of trinitroglycerin on coronary and 
systemic resistance may be mediated, at least in part, 
through the prostaglandin system. Levin et al!? re- 
ported that NTG stimulates synthesis of prostacyclin, 
a potent coronary and systemic vasodilator, by cul- 
tured chick embryo endothelial cells. An increase in 
NTG concentration produces a dose-related increase 
in the concentration of 6-keto-PGF,,, (Fig. 1).!? This 
increase in prostacyclin release from endothelial cells 
with increasing nitrate doses, and the inhibition of 
thromboxane (TXB;) by platelets, further support the 
concept that prostaglandins may play an important 
role in the vasodilatation caused by nitrates. 


Mechanisms of Angina Relief with Nitrates 


It is not exactly known how nitrates relieve angina 
pectoris.!! Multiple antiischemic mechanisms may be 
involved (Fig. 2)!!-!? and the drugs appear to affect 
favorably both the myocardial oxygen demand and 
supply. 

In the peripheral circulation, nitrates reduce both 
arterial vascular resistance and venous tone. Accord- 
ingly, a reduction in systolic arterial pressure and a 
decrease in venous pressure, with a resultant decrease 
in ventricular volume, reduces the ventricular wall 
tension that is required to generate a given pressure in 
accordance with the Laplace relation. Taken together 
with a modest decrease in arterial pressure, these 
changes result in a reduction in myocardial oxygen 
demands.!? 

N'TG can also increase coronary blood flow and oxy- 
gen supply by reducing coronary arterial spasm that 
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TABLE! Effects of Nitrates 

Marked venodilation 
Decreased right and left atrial pressures 
Decreased stroke volume 
Decreased arterial pressure 
Reflex tachycardia 

Slight arteriolar dilation 
Decreased arterial pressure 
Increased stroke volume 

Dilation of epicardial coronary arteries 

Dilation of collaterals 





Reproduced with permission from Cardiovasc Rev Rep.? A 


may occur at fixed stenotic sites in the coronary vascu- l 
lature. In addition, dilation of coronary collaterals oc- 
curs, whereas autoregulation in the normal vascular 
bed persists so that a coronary “steal” does not ensue. 
To the degree by which diastolic ventricular filling il 
pressure is reduced by nitrates, while arterial pressit 
is not lowered significantly, there is an improvement 
in the perfusion gradient for coronary flow to occur, E 
which may be very beneficial, especially in the pres- 
ence of left ventricular failure. !° 

Thus, ischemia is relieved by nitrates from both a - 
decrease in myocardial requirements and an increase 
in oxygen supply. In any particular patient, any one or 
all of these hemodynamic benefits may occur, with 
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improvement of the ischemic state. For this reason, 
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FIGURE 1. Nitroglycerin (NTG) causes a dose-related increase in 6- 
keto-PGF,,,, a stable hydrolysis product of prostacyclin in*cultured — 
endothelial cells. The release of prostacyclin and the inhibition of - 
thromboxane (TXB5) may in part mediate the vasodilatation caused by 
the nitrates. Reproduced with permission from J Clin Invest. '? 
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TABLE I| Hemodynamic Effects of Nitrates, Beta 
Blockers and Combination Treatment 
Beta 
Nitrates Blockers Combination 

Heart rate f (reflex) | | e 
Contractility t (reflex) | - 
Wall tension | — | 

Systemic blood pressure | l i 
— Left ventricular volume | + 1 
Coronary resistance i t e | -e 


Reproduced with permission from McGraw-Hill. 14 


nitrates remain a primary treatment for patients with 
angina pectoris. 
The hemodynamic actions of nitrates allow them to 

be combined with other antianginal drug groups—- 
adrenergic blockers and calcium-channel blockers. 

The hemodynamic effects of these combinations (Ta- 
bles II and III) may provide increased antianginal effi- 
cacy over single drug use.!41^ 


General Principles of Therapy 


_ Sublingual administration of NTG has long-stand- 
ing universal acceptance as antianginal therapy. Be- 
cause of its brief duration of action, many attempts 
have been made to prolong the drug’s therapeutic ef- 
fect by altering molecular configuration or route of 
administration. Currently available preparations are 
NTG (sublingual tablet or spray), sustained-release 
formulations of NTG, NTG ointment and a number of 
synthetic nitrate esters (ISDN, erythrityl tetranitrate 
and pentaerythrityl tetranitrate). In addition to the 
sublingual, topical and oral routes of administration, 
intravenous, long-acting transdermal and long-acting 
transmucosal NTG preparations have recently be- 
come available. As a result, an era of effective NTG 
prophylaxis has begun. To provide optimal benefit to 
patients, clinicians must use NTG more systematical- 
ly and critically than in the past. Several basic consid- 
‘erations remain central in effective NTG use. When 
acute relief of established ischemia is the goal, rapid 
onset of effect is essential, and duration of effect is less 
important. In contrast, for prevention of angina, pre- 
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TABLE lli Hemodynamic Rationale for Combining Nitrates 

and Calcium-Entry Blockers in Angina Pectoris 

Calcium 
Nitrates Blockers Combination 

Heart rate Î (reflex) + * (reflex) 
Blood pressure i H 
Heart size 1/0 +/f 0 
Contractility (reflex) | 0 
Venomotor tone l 0 l 
Peripheral resistance | i H2 
Coronary resistance | i lb? 
Coronary blood flow f ft INS? 
Collateral blood flow — 1 ji Trt 


Reproduced with permission from McGraw-Hill. 15 
+ = questionable additive effects; | = decrease; 0 = no change; * 
= increase. 


dictability and duration of effect are the central issues. 
Moreover, individual patients may show marked vari- 
ability in the dose needed to obtain a given effect. 
Because optimal dosage is unpredictable, careful titra- 
tion for each patient is needed. A dose producing or- 
thostatic changes in heart rate at rest of 10 beats/min 
and systolic blood pressure of 10 mm Hg is a practical 
guide. Such a dose of any nitrate preparation will have 
antianginal effects, although larger doses may also be 
tolerated. 


Routes of Administration ’® !? 


Sublingual: Sublingual NTG avoids first-pass me- 
tabolism, so that a transient but effective concentra- 
tion of drug rapidly appears in the circulation. Relief 
from acute attacks of angina pectoris begins within 2 
to 5 minutes. Its clinical and hemodynamic effects 
diminish rapidly because of the drug's hepatic break- 


down and are usually undetectable by 1 hour. Hence, 
‘sublingual administration of NTG (tablet or spray) is 


most appropriately used for quick relief of acute at- 
tacks of angina pectoris. It can also be used for brief 
periods of anginal prophylaxis in patients with highly 
predictable angina. When taken immediately before 
those life-style events likely to provoke an attack, it 
can prevent onset of symptoms for up to 30 minutes. 
Otherwise, it is unsuitable for prophylactic use. 


| FIGURE 2. Effects of nitrates on the 

balance between oxygen require- 
| ments and supply. Although a reflex 
increase in heart rate would tend to 
reduce the time for coronary flow, di- 
lation of collaterals and enhancement 
of the pressure gradient for flow to 
occur as the LVEDP falls tends to in- 
crease coronary flow. AoP = aortic 
pressure; LVEDP = left ventricular 
end-diastolic pressure; NC = no 
change. Reproduced with permission 
from Cardiovasc Rev Rep. 1° 
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Preparations come in tablet, capsule or ME 
form, containing from 0.15 mg to 0.6 mg of NTG (Ta- 
ble IV). If symptoms are not relieved by a single dose, 
additional doses may be taken at 5-minute intervals, 
but no more than 3 tablets should be used within a 15- 
minute period. Because NTG gradually loses potency 
in the tablet form through volatilization, it is packaged 
in glass containers with tightly fitting metal screw 
caps. Tablets should be kept in the original container 
with the lid tightly closed after each use, and the com- 
pound should not be exposed to heat. Physicians 
should take ample time to explain to patients how to 
use NTG correctly, because studies indicate that 
many patients fail to obtain maximal benefit from it, 
especially as a short-term prophylactic agent. 

Sublingual and chewable preparations of ISDN and 
NTG congeners have been developed to prolong ni- 
trate effectiveness by reducing hepatic deactivation. 
Unfortunately, they also have a weaker effect on vas- 
cular smooth muscle. As a result, these molecular al- 
terations have no inherent superior benefit, because 
much higher doses are needed to obtain equipotent 
effects (Table IV). Doses as high as 30 mg have been 
frequently administered. Onset of action is from 3 to 
15 minutes, and effect may last for as long as 2 hours. 
The prolonged effect would probably not exceed equi- 
potent doses of sublingual NTG. The Food and Drug 
Administration classifies these drugs as “probably” 
effective for the treatment of acute anginal attacks 
and for prophylaxis in those situations likely to evoke 
such attacks. 

Oral administration: Despite controversy regard- 
ing their beneficial effect, oral NTG and nitrate esters 
have found widespread use in the therapy of angina 
pectoris. Because of extensive first-pass metabolism, 
large doses (e.g., 30 mg of ISDN 4 times a day) are 
needed to overwhelm hepatic enzymatic breakdown so 
that substantial amounts of the active form can reach 
the systemic circulation. Relative to the other nitrates 
at equipotent doses, onset of effect is approximately 
30 minutes and duration of action only 3 hours after 
oral ISDN. With larger doses, a longer duration of 
action is achieved. For all oral preparations, doses 
often greater than those recommended by manufac- 
turers may be necessary to produce the desired thera- 
peutic effect. Such large doses are likely to cause sig- 
nificant orthostatic effects and severe headaches. 
With long-term administration, there are signs of par- 
tial tolerance; duration and magnitude of effect have 
been shown to diminish.!?!? Sustained-release oral 
preparations are now available and appear to have a 
longer duration of action (Table IV). 

Topical administration: NTG ointment or paste 
was developed more than 25 years ago, but not until 
1974 were its sustained therapeutic effects for up to 3 
to 4 hours accepted.?? Usually a 2% NTG ointment is 
applied to the skin in 1- to 3-inch doses (15 mg/inch) 
and then spread in a uniform layer. Because skin per- 
meability increases with increased hydration, covering 
the applied area with plastic and taping the edges will 
increase water content of the skin and enhance ab- 
sorption. It will also prevent the medication from end- 


mE eRe ur PESRUDAR "uz" "A n ES : DERE Let Lae 7 v Sy TS 
git uni ee nen se di ee Suis ERECTO NIE wee 


TABLE IV Dosage and Kinetics of Nitroglycerin and Long- : 





Acting Nitrates 
Onset of Duration 

Medication Usual Dosage Action of Action 
Sublingual NTG 0.3-0.6 mg 2-5 min 10-30 min 
Aerosol NTG 0.4 mg 2-5 min ` 10-30 min 
Sublingual and 

chewable ISDN 2.5-10 mg 3-15 min 1-2h 
Sublingual and 

chewable ET 5-15 mg, 10 mg 3-15 min 2h 
Transmucosal NTG 1-3 mg 2-5 min 3-5 h* 
Oral NTG (SR) 2.5-9 mg 30-45 min  2-8h* 
Oral ISDN 5-30 mg 15-30 min 3-6h 
Oral ISDN (SR) 40 mg 30-60 min 6-10h 
Oral ET 10 mg 30 min Variable 
Oral PET 10-40 mg 30 min 3-6 h, 
Oral PET (SR) 30-80 mg Slow 6-10 h 
Oral ointment (2%) 1—2 inches 20-60 min 3-8h $ 
Transdermal NTG 5-10 mg 30-60 min Upto24h 
Intravenous NTG 5-300 ug/min Immediate Transient 


* Duration of action lengthens with increasing dosage. 

Adapted with permission from Am J Med. '8 

ET = erythrityl tetranitrate; ISDN = isosorbide dinitrate; NTG = 
nitroglycerin; PET = pentaerythrityl tetranitrate; SR = Maps : 
release. 
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ing up on the patient's gown or clothing. Studies reveal | 
that anterior chest wall or upper limb application de- - 
rives optimal clinical benefits while keeping head- 
aches to a relative minimum. Absorption may be vari- 
able, and the delay in onset of action is approximately | 
30 minutes. E 
Cutaneous administration of NTG permits gradual - 
absorption, yielding a truly long-acting effect. Topical — 
application is recommended for the prevention and - 
treatment of anginal attacks, especially at night. The © 
optimal dosage is determined by starting with a half - 
inch of ointment and increasing by half an inch every 3 
to 4 hours until headache occurs, then decreasing to - 
the largest dose that does not cause headache. Sites of j 
application should be rotated to avoid skin irrita- E 
tion.2! Although long-term administration does not | 4 
clinically appear to lead to tolerance, gradual reduc- 
tion in dosage and frequency of application over a 4- to 
6-week period is advised to prevent withdrawal symp- 
toms during termination of treatment.?0.21 3 
Recently, 3 slow-release transdermal NTG prepara- % 
tions have been marketed, with the hope of providing a? 
simple once-a-day method for constant antianginal — 
prophylaxis. The preparations contain NTG and a 
reservoir material and are designed to continuously 
release NTG into the circulation over 24 hours after a | 
single application. Unfortunately, despite tremendous. 
patient satisfaction with these patches, the clinical — 
data available to date have not shown the long-term - 
clinical efficacy envisioned.??-?4 The relatively small - 
doses used provide 24-hour blood levels equivalent to - 
the levels obtained using half an inch of NTG paste 
applied every 8 hours. These low reference levels may 
not provide effective antianginal prophylaxis regard- 
less of route of administration. Additionally, data pre- 
dicting therapeutic effect from blood levels is, lacking 
for all long-acting nitrates. Until convincing data are 
available, it may be unwise for physicians to rely solely 
on any one of these preparations on a once-a-day basis 
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‘in patients with rest pain, od spasm or in those 

who are severely limited. Despite these drawbacks, 
| ata should be forthcoming from studies using larger 
doses, indicating that these products will fulfill their 
promise to provide continuous, long-term antianginal 
groppylpxis. 

Buccal nitroglycerin: Pharmaceutical manufac- 
eia continue to demonstrate considerable creativity 

‘in devising new formulations of NTG. The latest re- 
lease is long-acting transmucosal NTG.?»26 This prod- 

‘uct contains NTG in an inert polymer base that 

releases the N'TG over a sustained period. As with 

-sublingual NTG, onset of action is almost immediate, 

and as with long-acting transdermal preparations, ni- 

trate release is gradual and uniform, lasting for as long 
.as 5 hours. Hence, patients can use buccal NTG for re- 
lief of an acute angina attack as well as for long-term 

‘Prophylaxis. 

The tablet may be inserted under the upper lip, 

ictween the buccal mucosa and gingiva or in the buc- 
cal pouch. Patients can eat, drink and talk while the 
tablet is present. Another attractive feature is the 
‘close correlation between therapeutic effectiveness 
and physical presence of the tablet in the mouth. As 

with sublingual NTG, a suitable starting dose may be 
determined by checking for orthostatic changes at 3 
minutes after administration. If angina persists or re- 
curs, it need only be determined whether the attack 
occurred when the tablet was present or already dis- 
solved. If present, a larger dose may be used. If dis- 
‘solved, administration should be more frequent. 

Hence, with the combination of all of these practical 

features in the buccal form, a single nitrate may be 

substituted for the multiple drug regimens now com- 
| monly used. 

Intravenous nitroglycerin: An NTG formulation 
for intravenous administration is available in the 
United States. Infusions may be used, with dilutions 
of 25 to 400 ug/ml; the concentration is based on the 
patient's fluid requirements. Initial dosage should be 5 

_pg/min, with increases of 4 ug/min every 3 to 5 minutes 

until a drop in blood pressure or a decrease in pain is 

- noted. If no response is seen with a dose of 20 ug/min, 

increments of 10 and, later, 20 ug/min may be used. 

— There is no fixed optimal dose. Because of varia- 
tions in the responsiveness of individual patients, each 
patient must be titrated to his or her desired level of 

hemodynamic function. Because NTG adsorbs onto 
plastic, special tubings have been synthesized to over- 

come this problem. Intravenous NTG is indicated in 

acutely ill patients who are hospitalized and when 
another route of administration is not feasible. It is 

also efficacious in such conditions as complicated 
myocardial infarction,” unstable angina, coronary va- 
sospasm, pulmonary edema and hypertension, and 

during coronary bypass or neurosurgical procedures. 
At high concentrations, intravenous NTG is a potent 
arterial as well as venous dilator. 


Ns Noncardiac Effects 


Because smooth muscle is generally dilated, gastro- 
intestinal motility, esophageal spasm and biliary tree 





spasm are decreased. The genitourinary system may 
be similarly affected. The relief of angina pectoris and 
esophageal spasm may not be differentiated. Studies 
indicate that pulmonary vasculature dilates, pul- 
monary artery pressure decreases and there is mild 
bronchodilation.? 


Absorption, Metabolism and Excretion 


The biotransformation of organic nitrates is the re- 
sult of reductive hydrolysis catalyzed by the hepatic 
enzyme glutathione organic nitrate reductase. The en- 
zyme converts the lipid-soluble organic nitrate esters 
into more water-soluble denitrated metabolites and 
inorganic nitrite. The partially and fully denitrated 
metabolites are considerably less potent vasodilators 
than are the parent compounds. The liver has the 
enormous capacity to catalyze this reaction. The bio- 
transformation of organic nitrates is a major factor 
determining their duration of action and the relative 
efficacy of the drugs given by different routes of ad- 
ministration.? 


Tolerance and Dependence 


A major concern of long-term nitrate therapy is 
whether tolerance develops to these drugs. Nitrate 
tolerance was first documented in animal in vitro 
studies by Needleman et al?? on vascular strips. These 
studies found a tolerance effect that was related to 
nitrates reacting with reduced sulfhydryl groups on a 
cell membrane, leading to the formation of disulfide 
linkages and the release of inorganic nitrite (denitrat- 
ed metabolites). This reaction is believed to convert 
the “nitrate receptor" to the disulfide form, which has 
a lower affinity for the nitrates. In humans, the fact 
that the vascular headaches occurring after nitrate 
administration often disappear with continued use of 
the drugs suggests that some form of tolerance is oc- 
curring. Indeed, several investigators have reported 
tolerance to nitrates in humans. 

Despite many published warnings about nitrate tol- 
erance,??-?? little evidence is available to suggest that 
it is a common clinical problem. However, some data 
do indicate decreased antianginal effectiveness with 
long-term use of large doses administered orally.??-?? 
Studies of exercise-induced angina confirm some at- 
tenuation of the effects of nitrates on heart rate and 
systolic blood pressure after long-term therapy.?? 
Overall, however, the antianginal benefit provided by 
long-acting nitrates appears to be persistent, and the 
efficacy of NTG for the management of an acute angi- 
nal attack remains unimpaired. 

Because large-dose usage is increasing and there are 
newer preparations aimed at long-term prophylaxis, 
clinicians must be cautious of the possible develop- 
ment of withdrawal symptoms. The industrial medical 
literature is replete with descriptions of withdrawal 
symptoms, including severe headaches, chest pain, 
acute myocardial infarction and even sudden death in. 
workers chronically exposed to nitrate powder and 
vapor. 

Until more information is available regarding the 
long-term effects of large doses of nitrates, the clini- 
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cian should be cautious regarding continuous nitrate 
prophylaxis, especially in patients with only mild an- 
gina pectoris. Most important, patients should be cau- 
tioned not to discontinue nitrate medications abruptly. 


Side Effects 


In general, nitrates are well tolerated. Headaches 
and postural dizziness are the most frequent side ef- 
fects, and are often noted early during treatment. The 
headaches usually disappear after several days to 2 
weeks and may be controlled by temporary reduction 


in dosage. In some patients, generalized vasodilation 


may cause profound hypotension. The hypotension 
and resultant reflex tachycardia can reduce coronary 
perfusion pressure and worsen anginal symptoms. Asa 
result, all patients should be instructed to be in the 
supine position when taking an NTG preparation un- 
til susceptibility to orthostatic hypertension is deter- 
mined. 

Nitrates sometimes cause mild nausea. Patients 
with glaucoma can safely use NTG. 


Contraindications 


Hypersensitivity or an idiosyncratic reaction to ni- 
trates contraindicate their use. Because these drugs 
may increase intracranial pressure, they should be 
used with great caution in patients with head trauma, 
cerebral hemorrhage or postural hypotension. Angina 
pectoris owing to valvular aortic stenosis or obstruc- 
tive cardiomyopathy should not be treated with 
nitrates, as the decrease in preload may seriously 
decrease cardiac output or precipitate pulmonary 
edema. 
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Problems Associated with Clinical Evaluation 
of Antianginal Medications 


JAN R. WEBER, MD 





Assessing the efficacy of antianginal medications is 


not as easy as it might first appear. Many factors, 
including the protocol, the subjects chosen for study 


_and the physicians conducting the trial, may produce 
study bias and thereby yield equivocal results. Objec- 


_ tively attempting to quantitate a subjective event such 
. as angina inherently poses many difficulties. The vari- 


able nature of anginal episodes makes identification of 
attacks, or conversely, elimination of such attacks, 
difficult to assess. 

In terms of the protocol, it is necessary to determine 


what indexes will be used as criteria of efficacy, what 
. doses, either standard or maximally tolerated, will be 


used for study and what measures will be taken to 
nullify placebo effect. In terms of patient selection, the 


. varying methods of confirming the diagnosis of isch- 


emia and the questions of concurrent illness, compli- 
ance and life-style alterations are all factors that can 
make findings difficult to elucidate. Finally, investiga- 
tor bias may be introduced into study results because 
of prestudy prejudice, involvement in data acquisition 
and interpretation of findings. It is unlikely that any 
investigator or group of investigators will ever produce 
a protocol applicable to all types of antianginal medi- 
cations that will be universally convincing. Conclu- 
sions regarding the efficacy of any antianginal medi- 
cation will undoubtedly continue to be predicated on 
assessments made by independent investigators us- 
ing a variety of research protocols, none of which is 
likely to be perfect. 


(Am J Cardiol 1985;56:141—181) 





. The typical angina episode, vividly described by He- 


=F 


 berden! and Osler,’ respectively, as a “choking” or 
“strangling” sensation associated with the feeling of 
_ “impending doom,” would seem unlikely to pass with- 


out notice. To determine the clinical efficacy of an 


 antianginal agent, it should then be a simple matter of 


having subjects who have angina record the number of 
attacks during a specific time interval and then deter- 
mine whether the number of attacks is significantly 
reduced during a similar interval in which they are 
being treated with an antianginal agent. Unfortunate- 


_ ly, this task is nowhere near as easy as it first appears, 
and numerous investigators have expended enormous 
amounts of time, energy and resources to determine 


whether new “antianginal” formulations are truly 
effective. 


The Protocol: What Shall We Measure? 


Not all anginal episodes are as distinct as those 
described by Heberden and Osler. In reality, angina is 
a subjective sensation of discomfort that is character- 
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ized somewhat differently by each patient experienc- 
ing it.’ While the classic presentation of substernal 
chest pressure afflicts a significant number of pa- 
tients, others may experience coronary ischemic 
symptoms such as pain or discomfort in the neck, jaw, 
shoulder, arm or back. It may also take the form of 
indigestion, heartburn, nausea or breathlessness.* 
Thus, any ailment that produces any of these types of 
symptoms can easily be confused with angina, and 
episodes counted as angina may have little or nothing 
to do with coronary circulatory problems. Conversely, 
episodes of true coronary ischemia may easily be over- 
looked by the patient who misconstrues anginal dis- 
comfort, ascribing it to an unrelated malady. 

Even in patients with well-defined anginal patterns, 
degrees of severity are found that range from extreme- 
ly mild to extremely severe, and in counting attacks, it 
is not clear whether an attack óf mild severity should 
count to the same degree as an extreme one. Patients 
often learn to attenuate or terminate the activity that 
appears to be producing angina, and thus, minor alter- 
ations in activity patterns may significantly affect re- 
ports of anginal frequency. 

. The number of anginal attacks can also be altered 
through the use of prophylactic sublingual nitroglyc- 
erin (NTG). When a person is about to perform an 
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activity known to produce angina, it is an appropriate 
and accepted practice to self-administer NTG sublin- 
gually in anticipation of increased cardiac work. By 
this method, angina may to a large degree be prevent- 
ed. Should the patient be given a long-acting agent 
that raises the anginal threshold, the prophylactic use 
of sublingual NTG may be voluntarily reduced, but 
the difference between treatment and pretreatment 
anginal attack frequency would be obscured in spite of 
the effectiveness of the test medication. Thus, it be- 


. comes essential in long-term studies to consider the 


number of prophylactic sublingual N'TG in tablets 
taken by the subjects. 

Recent studies using sensitive Holter monitoring 
techniques have confirmed the presence of intermit- 
tent asymptomatic myocardial ischemia.59 It has been 
demonstrated that patients with overt angina are fre- 
quently unaware of many ischemic events that occur 
throughout the day. Additionally, many who are af- 
flicted with coronary occlusive disease have no aware- 
ness of the presence of myocardial ischemia even 


.though electrocardiographic changes that suggest car- 


diac muscle jeopardy occur frequently. Thus, in con- 
sidering the efficacy of an antianginal medication, it 
may be appropriate to monitor ST-segment changes 
on the electrocardiogram around the clock to include 
episodes of silent ischemia as well as overt ischemia in 
the counting of ischemic episodes experienced. 
Attempts to avoid the problems that result from the 
subjective nature of anginal symptoms by measuring 
serum levels of an agent under investigation have also 
met with difficulty. Such studies begin with the as- 
sumption that a particular substance is effective in the 
treatment of angina and then attempt to determine 
whether the agent in question provides “therapeutic” 
levels of the substance in the serum of the subject 
being treated. If such levels are achieved, the sub- 
stance is considered effective; if not, it is considered 
ineffective. In addition to the difficulties associated 
with accurately assessing levels of medications that 
appear in nanogram or picogram quantities,’ the basic 
premise—that "therapeutic level equals therapeutic 
effect"—may not be correct. Gradual attenuation of 
certain effects (tolerance) has been clearly demon- 
strated with many pharmacologic agents, such as pra- 
zosin and 8 blockers, and may also be present in ni- 
trates and perhaps in calcium-channel blockers. Thus, 


the level of medication capable of producing hemody- 


namic changes at one time may be insufficient to pro- 
duce similar hemodynamic changes at a later date.? 
Inability to measure blood levels of antianginal 
medications accurately led to major damage to the 
credibility of the pharmaceutical industry as a result 
of studies reported in*the early 1970s. In spite of the 
widespread use and acceptance of long-acting oral ni- 
trates at that time, inadequacies in experiments with 
rat livers led to the erroneous but widely publicized 
conclusion that “orally administered organic nitrates 
are absorbed in the portal circulation and are rapidly 
and completely degraded by liver enzymes before 
reaching the systemic circulation and therefore can 
have little chance of producing vasodilation.”? Such 
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reports led W. S. Aronow and others to conclude that 
“long-acting nitrates are ineffective as antianginal 
agents.”®™1 As a result, there was a significant reduc- - 
tion in the use of long-acting oral nitrates until subse- 
quent work confirmed the presence not only of active 
agent in posthepatic blood but also of biologically ac- - 
tive metabolites.!? Additional clinical investigation by. 
Aronow?? led to the conclusion that the data accumu- 
lated from the initial rat studies “no longer appear f 
relevant to considerations regarding patients.” On the 
positive side of this controversy, it must be said that 
the initial skepticism did in fact lead to additional. 
investigation, which further clarified the physiology, 
pharmacology and dose-response relations of orally 
administered nitrates. cA 

The difficulties encountered with assessing changes fr 
in frequency of angina, use of sublingual nitroglycerin s 
and serum levels have led the Food and Drug Adminis- © 
tration to develop criteria for assessing the efficacy of - 
antianginal agents based primarily on symptom-limit- - 
ed treadmill exercise testing.!* This method assumes 1 
that a patient's anginal threshold can be accurately 
and reproducibly quantitated and that an agent's ef- - 
fectiveness can be determined by comparing pretreat- 
ment performance with performance during therapy. 

Unfortunately, the significant day-to-day variation 
in a subject's treadmill performance!? and the circadi- 
an changes in exercise capacity make this method less - 
than ideal.'® There is, in addition, a “training” effect - 
associated with repetitive exercise testing, related not | 
to actual physical conditioning but rather to learning - 4 
the treadmill walking technique.!? These dc 
in exercise performance led to the acceptance of a 
+15% variation in treadmill time as a tolerable base ! 
line value for determining pretreatment capacity. This - 
variation, however, might completely obscure a posi- K 
tive response to active agent in studies not using 
enough qualified patients. ad 

Subject fatigue, an additional problem associa the? 
with exercise testing that has been encountered in the 
evaluation of the long-acting transdermal NTG prepa- : 
rations, may be important. Because these patches are " 
thought to be effective for 24 hours or more, many 
studies designed to assess them require patients with 
presumed ischemic heart disease—relatively decondi- 
tioned subjects—to exercise to the point of maximal - 
tolerable angina as many as 5 times in the same day. 18 5 
This can average as much as 35 minutes of exercise for | 3 
patients who are generally accustomed to only limited ` 
activity. These same patients are then asked to return - 
early the next morning for yet another exercise test to 
determine if the patch has maintained efficacy 24 
hours after application. The role of muscle fatigue and 
musculoskeletal pain in limiting a subject’s perfor- 
mance at that time needs to be evaluated before re- 
sults of such studies can be convincing. 

Secondly, and more fundamentally, it ig not clear 
whether maximal exercise testing is appropriate for 
the evaluation of these long-acting preparations, be- 
cause the 2 most important determinants of treadmill 
performance, heart rate and blood pressure, are not 
significantly affected by nitrates at high levels of exer- 
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cise.!? Thus, the coronary vasodilatory component of 
nitrate activity and its role in prevention of coronary 
vasospasm at lower levels of activity are overlooked by 
studies predicated solely on exercise performance.?92 


Nullifying the Placebo Effect 


A major consideration in the design of any clinical 
Seri is the placebo effect. It is well established 
that significant untoward reactions, as well as major 

improvement in symptoms, can be produced by the 
Bihurdisttation of placebo. Failure to consider the ex- 
tent to which adverse effects occur as a result of a 
placebo may result in the underestimation of the utili- 
ty of a medication. At the same time, failure to consid- 
er a placebo's positive effects may also lead to overesti- 
mation of positive response, since many individuals 
indicate subjective improvement in symptoms and ac- 
tually perform better in objective tests after adminis- 
tration of an inert substance. Because angina is a sub- 
jective sensation, it is not surprising that the effect of 
placebo on persons with angina may be quite pro- 
found. Thus, it is necessary to begin with a research 
design that includes accurate determination of a clini- 
cal baseline value and then compares the response of a 
group of subjects receiving placebo with their response 
to active agent. Additional credibility is gained by 
then proceeding to a washout phase followed by cross- 
over to allow for group comparisons as well as individ- 
ual comparisons. 

— Establishment of accurate baseline values is made 
difficult for a number of reasons. Accurate record- 
keeping by the study participants is difficult and often 
unreliable. Climatic variations, which occur during a 
prolonged study, may be significant, because subjects 
‘with a component of coronary vasospasm may develop 
more attacks during the cold winter months than dur- 
ing the warm months. In addition, patients or their 
physicians may alter other antianginal medications 
during the study, a factor that affects not only the 
‘baseline but also affects subsequent portions of the 
research. 
— Several recent works indicate that various combina- 
tions of antianginal medications may be more effective 
than others.???4 It has been suggested that the combi- 
nation of nitrates with 8 blockers may be more effec- 
tive in the treatment of angina than the combination 
of nitrates with calcium-channel blockers. In addition, 
the use of members of all 3 categories of antianginal 
agents (nitrates, B blockers and calcium-channel 
blockers) may, in many persons, be less effective than 
the use of any 2 of these agents.” Thus, it may be 
inappropriate to test the efficacy of antianginal medi- 
cations without discontinuing all other long-acting an- 
tianginal agents during the test. Some of the recent 
work assessing efficacy of the transdermal NTG prep- 
-arations studied patients in whom nitrates were added 
to calciumschannel blockers or 8 blockers in an uncon- 
trolled. fashion.?5 Thus, data from these studies must 
be discounted, owing to the unpredictability and 
variability of interaction between these groups of 
medications. (à 


DONI MAL e TOL EAS WINE nm pie > aa a NERIS 


THERAPEUTIC EFFICACY 


There are also problems with keeping clinical trials 
“blind” throughout their course, particularly when the 
agent being tested is obviously effective. When the 
patients become aware of the salutary effect of the 
medication, their reports of efficacy and adverse ef- 
fects can no longer be considered unbiased. Converse- 
ly, when uncomfortable adverse effects develop, 
patient responses to objective testing may be signifi- 
cantly attenuated. In testing transdermal NTG prepa- 
rations, in which the delivery system is visible to the 
patient, subjective response to the esthetics of the 
patch may also play a role in subjective as well as 
objective response.?/ It is also difficult to produce a 
double-blind study when investigators are allowed to 
measure physiologic parameters such as blood pres- 
sure and heart rate. In many cases, comparison with 
baseline data easily allows for the identification of 
patients receiving active agent. This knowledge may 
prevent the unbiased acquisition of objective and sub- 
jective data. 


The Patient: Whom Shall We Test? 


Identification of patients with chronic stable angina 
pectoris produced by coronary occlusive disease who 
have no contraindications to participation in research 
protocol and who are willing to do so is a difficult and 
time-consuming task. On the basis of history alone, 
the diagnosis of coronary occlusive disease may be 
made with a reasonable degree of accuracy. This de- 
gree of accuracy, however, may not be sufficient to 
provide meaningful data in the study of antianginal 
medications, where placebo effects may be profound 
and the differences between treatment group and pla- 
cebo group may be small. It is therefore necessary to 
confirm the diagnosis using one of several criteria. A 
positive exercise test based on changes in the ST seg- 
ment of the electrocardiogram is of little help, because 
this finding may be present in patients with normal 
coronary anatomy. Exercise radionuclide studies im- 
prove predictive accuracy significantly, but once 
again, false-positive results are not infrequently re- 
ported.”® A history of myocardial infarction has also 
been suggested as a criterion for inclusion in antian- 
ginal medication assessment. Unfortunately, in many 
cases, infarction is produced by the presence of isolat- 
ed single-vessel coronary artery disease, and once 
infarction has occurred, the remaining coronary circu- 
lation may be entirely normal. Subsequent chest 
discomfort in such a person may have nothing to do 
with coronary occlusive disease. 

Cardiac catheterization has long been considered 
the “gold standard” for assessment of coronary anato- 
my, with 26046 narrowing considered sufficiently se- 
vere to produce symptoms of effort-induced coronary 
ischemia. However, assessment of coronary angio- 
grams is subject to observer error, which may under- or 
overestimate the significance of a coronary artery nar- 
rowing when compared with autopsy specimens and 
does not definitely confirm a cause-and-effect relation 
between lesion and symptoms.?? Presence or absence 
of collateral vessels, thickness of the myocardium, 
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pressures within the ventricle and concomitant valvu- 
lar disease may also play roles in determining the “sig- 
nificance" of a coronary artery narrowing. Also, the 
presence or absence of coronary artery vasospasm fur- 
ther clouds this picture. 

Coronary artery disease often occurs in the presence 
of other cardiac ailments that are capable of producing 
angina-like pain. In a patient in whom mitral valve 
prolapse, hypertrophic cardiomyopathy or pericardial 
disease is also present, symptoms attributed to coro- 
nary ischemia may indeed be the result of one of these 
other abnormalities. Additionally, diseases of the gas- 
trointestinal, pulmonary, musculoskeletal and ner- 
vous systems may also produce symptoms that mimic 
or mask angina pectoris. 

Thus, to confirm the presence of angina produced 
by coronary occlusive disease, it becomes necessary to 
confirm that symptoms truly result from an oxygen 
supply-and-demand imbalance caused by significant 
coronary occlusion. Catheterization, exercise testing 
using radionuclides and clinical evaluation to exclude 
the presence of other ailments capable of producing 
angina-like symptoms may be necessary to produce a 
pure cohort of patients for study. 


Problems with Compliance 


In long-term studies, it becomes difficult to confirm 
whether a patient has been taking the medications 
regularly and according to the specifications of the 
protocol. Patients are highly prone to skipping doses 
of the medication or taking the medication at incorrect 
time intervals. One is forced to rely on the integrity of 
the individual patient for accurate record-keeping in 
most cases. It is also important to keep accurate re- 
cords of other antianginal medications prescribed for 
the patient. Should the study medication produce sig- 
nificant reduction in angina, patients may be tempted 
to reduce their intake of other antianginal agents, 
thereby producing data that underestimate the effica- 
cy of the agent being tested. This further emphasizes 
the need for eliminating other antianginal medication 
from treatment regimens as a part of the study design. 

Intake of nonmedicinal substances may also alter 
anginal patterns or disrupt the absorption or metabo- 
lism of the study agent. The time of ingestion of the 
study drug relative to meals may significantly affect 
absorption in some patients, and alcohol consumption 
may alter metabolism of substances that are degraded 
by the liver. Life-style alterations may also affect re- 
ported antianginal efficacy. When patients become 
aware of a drug's salutary effects, they may increase 
their level of activity in response to their increased 
"cardiac reserve." Thus, if a patient originally experi- 
enced angina after climbing 1 flight of stairs, he may 
now be able to climb 2 flights of stairs before experi- 
encing angina. In both instances, the number of angi- 
nal attacks recorded will be equal, even though the 
study medications significantly improve functional 


capacity. Climatic changes may become significant in 


studies that extend beyond seasonal changes and re- 
sult in variations in patient exposure to cold. 


The Physician: Who Shall Test? 
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Through the design of the research protocol, an in- — 
vestigator's pretest bias or prejudice can be neutral- 
ized. Unfortunately, as discussed, it may be difficult to | 


produce totally blind studies because of the percep- 


tions of both the participants and the observers. In an- 


ried) a>. f 


era in which many research activities are sponsored by | 


pharmaceutical companies that have spent millions of — 


dollars developing a new medication, the desire of the © B 


investigator to show efficacy may significantly, albeit | 


subtly, influence the outcome of the study. It is never- — 
theless imperative for the principal investigator to — 


personally monitor quality control in the acquisition - 
of data to assure consistency in the recording of both - 
subjective and objective information. Accuracy is 
more likely to be obtained when the same observer is - 
used throughout the entire study. 

The greatest opportunity for prestudy bias or preju- 


i 
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dice to occur is after the study is completed and the - 


data interpretation begins. Inappropriate statistical 


manipulation, arbitrary exclusion of data that may be — 
relevant but appears to be inconsistent with the mean — 


and the drawing of broad conclusions based on a nar- 
row range of data are errors that must be constantly - 


avoided. 


Conclusions 


s 


In summary, the ideal protocol, the ideal patient — 
and the ideal investigator have not been found. In the ~ 
assessment of antianginal medication, the subjective - 


nature of this ailment, wide variability in the severity — 


r 


of coronary occlusive disease, poorly defined interac- — 3 
tions with other agents and pretest study bias all con- — 


tribute to the difficulty in determining effectiveness. 
It is unlikely that any investigator or group of investi- — 
gators will ever produce a protocol applicable to alla 


types of antianginal medications that will be univer- - 


sally convincing. Conclusions regarding the efficacy of 
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any antianginal medication will undoubtedly continue - 
to be predicated on assessments made by multiple - 


independent investigators using a variety of research - 


protocols, none of which is likely to be perfect. 
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Activity of Transient Myocardial Ischemia Out of Hospital 
in Coronary Artery Disease and Implications for Management. 


MICHAEL B. ROCCO, MD, STEPHEN CAMPBELL, MB, JOAN BARRY, BA, 
GEORGE REBECCA, MD, ELIZABETH NABEL, MD, JOHN DEANFIELD, MD, d 








and ANDREW P. SELWYN, MD r 
7 | 
The management of patients with angina pectoris is hours of the day. Further studies have demonstrated 
based largely on the severity of symptoms, coronary that regional decreases in coronary blood flow occur - 
anatomy and left ventricular function. The outcome for during these ischemic episodes and have the same- 
these patients is highly variable and depends largely features seen out of hospital on continuous monitoring. - 
on the degree of ischemic damage to the left ventricu- These newly noted characteristics of transient isch- 
lar myocardium. Recent work suggests that exercise- emia raise a number of practical questions for treat- - 
induced myocardial ischemia with or without angina is ment. Is it necessary to relieve all ischemic activity 
associated with a poor prognosis. Ambulatory moni- quite apart from that which occurs with chest pain? - 
toring of the electrocardiogram has revealed that most Does present use of antianginal medication neglect - 
patients have frequent and prolonged episodes of the early morning increases in transient ischemia that- 
transient ischemia out of hospital. These episodes are occur, and are different dosage regimens required to - 
often asymptomatic and associated with ordinary ev- treat ischemia adequately? Does suppression of all 
eryday activities. In addition, ambulatory monitoring ischemic activity further protect myocardium and im- 
has demonstrated that transient ischemia during daily prove prognosis for the patient? y 
life has a circadian variation with exacerbations and ? 
peak density of ischemia in the first 4 to 6 waking (Am J Cardiol 1985;56:191—221) - 
3 
E. 
The management of patients with angina pectoris and ercise performance are thought to be necessary to- 
other manifestations of coronary artery disease (CAD) show treatment efficacy, clinicians have realized for. 
is lifelong and medical. Although surgery and angio- years that angina pectoris is subjective, characterized - 
plasty may be required in some patients, they do not by exacerbations and remissions in activity, known to - 
replace the need for vigilance in the control of symp- occur at changing thresholds in different circum- 
toms, risk factor modification, identification of high- stances and mimicked by many other conditions. — 
risk groups for infarction or sudden death and contin- There is now a growing realization that episodes of — 
ued strategies to prevent ischemic myocardial damage. transient regional myocardial ischemia occur without à 
The association of angina with ST-segment changes symptoms and are not associated with exercise or in- | 
on the electrocardiogram (ECG) and increases in heart creases in heart rate. Therefore, relief of symptoms — 
rate and blood pressure has led to the wide-scale use of and improved exercise tolerance in themselves may — 
exercise-induced ST-segment depression in the diag- not prevent ischemic insult to the myocardium. The — 
nosis, prognosis and therapeutic management of CAD. purpose of this article is to discuss some newly noted — 
Although relief of syniptoms and improvement in ex- clinical features of ischemic heart disease as they ap- - 
ply to out-of-hospital patients engaged in their usual - 
From the Division of Cardiology, Brigham and Women's Hospital and daily activities. T'hese characteristics of disease activi- - 
Harvard Medical School, Boston, Massachusetts. This study was ty may not be apparent from conventional testing and 
supported in part by grant HL07049-10 from the National Institutes of assessment of symptoms. They can be quantified ob- — 
Foundatn rte Medea Reseach Counet onon Eramaa c ectively in individual patients and may represent fea- 
Address for reprints: Michael B. Rocco, MD, Division of Cardiology, “ures of the disease that require close surveillance and. 
Brigham and Women's Hospital, 75 Francis Street, Boston, Massa- control in order to achieve the goals of prevention of 
chusetts 02115. | myocardial damage and improved prognosis. 
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Prognosis 


. Long-term clinical trials have shown that distur- 
bances of left ventricular function (as manifested by 
decreased ejection fraction or symptoms of congestive 
heart failure), ventricular ectopic activity and angio- 
graphic extent of CAD (particularly left-main steno- 
sis) are determinants of prognosis in patients with 
CAD.!? Apart from the anatomic considerations of the 
extent of CAD and left ventricular damage, the pres- 
ence of unstable angina, postinfarction angina or exer- 
cise tests markedly positive for ischemia (with or with- 
out chest pain) is now recognized as an adverse clinical 
sign. Few studies provide prognostic information for 
totally asymptomatic patients with CAD. In the U.S. 
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FIGURE 1. Regional myocardial perfusion assessed by positron emis- 
sion tomography measuring rubidium-82 uptake. Left ventricle is 
shown with the mitral orifice posteriorly placed; arrows indicate the 
anterolateral wall of the left ventricle. Mental arithmetic caused a 
regional decrease in coronary blood flow, with silent ST-segment 
depression indicating ischemia. Later this abnormality recovered but 
was reproduced by supine exercise and associated with angina. 
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Air Force study? of asymptomatic men with active 
ischemia by treadmill or radionuclide studies, a yearly 
mortality of 17% was noted. In both the National Insti- 
tutes of Health* and Duke-Harvard studies? in mixed 
populations of symptomatic and asymptomatic pa- 
tients, a considerable yearly mortality rate of up to 2 to 
3% was found in the asymptomatic group overall. 
Many of these studies, however, were conducted in 
populations in which symptoms were both absent and 
present and have not emphasized whether there was 
evidence of continuing myocardial ischemia. 

Fewer studies have addressed the prognostic impli- 
cations of transient ischemia in patients with angina. 
Bonow et al® reported on patients with mild symp- 
toms, ejection fractions at rest 240% and 3-vessel 
CAD. Those patients who had no objective evidence of 
transient regional myocardial ischemia on ECG or ra- 
dionuclide ventriculogram had an excellent 4-year 
prognosis when contrasted with a comparable group 
with evidence of ischemia. These clinical markers of 
underlying transient myocardial ischemia (whether 
associated with pain or not) may represent a common 
pathophysiologic event resulting in damage to heart 
muscle and poorer prognosis quite apart from the ex- 
tent of coronary disease and ventricular damage. 


Transient Regional Myocardial Ischemia 


Experimental and clinical research have both de- 
scribed in detail the sequence of events during epi- 
sodes of transient ischemia: immediate failure of con- 
tractile function is followed by abnormalities of 
rhythm and electrocardiographic disturbances. On a 
biomechanical level, tissue oxygen and pH fall with 
failure of 8 oxidation, temporary preference for glycol- 
ysis and eventually, lactate accumulation. With time, 
membrane function and structure fail. These events 
have been characterized clinically in the hospital with 
the ECG, radionuclide ventriculography, thallium-201 
imaging and positron emission tomography with sub- 
strates used as tracers. 

Combining these techniques for detection of tran- 
sient regional ischemia with such provocations as exer- 
cise, dipyridamole, ergonovine and exposure to cold 
has provided diagnostic and, recently, prognostic in- 
formation regarding the presence of CAD. Deanfield 
et al^? have studied patients with chronic stable angi- 
na, positive exercise tests for ischemia and known 
CAD with positron emission tomography. They have 
assessed regional myocardial perfusion using uptake 
of rubidium-82. They found perfusion defects in the 
same myocardial segments during both painful and 
painless episodes of ST-segment depression associat- 
ed with exercise, cold exposure, mental arithmetic and 
cigarette smoking, as well as without provocation (Fig. 
1). This evidence suggests that transient episodes of 
ST-segment depression do represent ischemic epi- 
sodes in these patients and occur with activities associ- 
ated with daily living. If the activity of transient isch- 
emia affects clinical status and prognosis, then we 
need to know the trigger mechanisms, frequency and 
duration of events out of hospital. 
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New Clinical Fóatures of Ischemic Activity 


Twenty-four hour ambulatory monitoring of the 
ECG in patients with angina, exercise-induced isch- 
emic ST-segment depression and proven CAD has 
been carried out in a number of research centers.?!! 
The results show that most episodes of myocardial 
ischemia as manifested by ST-segment depression 
during daily activity are asymptomatic (68 to 76%). 
The episodes are surprisingly prolonged; the median 
duration is 5 to 8 minutes and the range is from 1 to 
>60 minutes. Another striking finding in all these 
studies is that a large proportion of asymptomatic 
episodes occur during rest or are associated with such 
modest physical activities as eating, driving, light 
housework and mental arousal (Fig. 2). Deanfield et 
al? have shown that approximately one-half of these 
events have little or no increase in heart rate at the 
onset of ischemia and that the distribution of heart 
rates at onset of ST depression during ambulatory 
monitoring is lower than that seen in the same patients 
during exercise testing. 

We recently demonstrated a significant circadian 
variation in the number and duration of ischemic epi- 
sodes with a marked increase in ischemic activity dur- 
ing the first 4 to 6 waking hours of the day. The differ- 
ence does not appear to be due to increased physical 
activity in the morning hours or markers of myocardial 
demand such as increased heart rate at onset of ST 
depression. These findings suggest that alterations in 
coronary tone and supply may be responsible for this 
morning peak in ischemic activity. 

An increasing number of asymptomatic men under- 
go treadmill exercise and the "silent positive exercise 
test" indicates that myocardial ischemia remains a 
vexing clinical problem in these subjects. Ambulatory 
monitoring of the ECG has shown that most of these 
patients do indeed have multiple episodes of transient 
ischemia out of hospital. In addition, our data indicate 
that these ischemic events have all the same character- 
istics found in patients with angina (i.e., painless epi- 


. FIGURE 2. A typical 24-hour ambula- 
tory electrocardiographic recording in 
a 61-year-old man showing electro- 
cardiographic complexes from 6 epi- TIME 


sodes of transient ischemia, only 1 of 
which was accompanied by angina. 
The time of each episode and the 
heart rate (HR) at onset and change in HR 
HR 1 minute before onset are shown 
below each episode. Thrée of the 
events were prolonged, lasting for 10 


minutes or longer. Most episodes PAIN 
were associated with ordinary every- 
day activity. 
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Clinical Implications | 
A number of studies from major centers have dem- 
onstrated that silent myocardial ischemia in patients 
with CAD is more common than previously appreciat- 
ed. At the same time, the activity of transient ischemia f 
seems to be emerging as an adverse finding as it relates 
to prognosis. Although management with drugs, an- 
gioplasty and coronary bypass surgery are directed 
toward relief of symptoms, they are also used in an 
attempt to prevent or reverse the disturbances in coro- | 
nary blood flow and ischemia that threaten ventricular 
myocardium. This new information about the charac- 
teristics of transient ischemia during daily activity. 
suggests that important information regarding the ac- 
tivity of disease may be missed with assessment of. 
symptoms and exercise response only. 3 
Thus, a number of questions regarding therapeutic ; 
aims have been raised. Is it important to suppress all 
ischemic activity apart from the initial necessary step - 
of relieving symptoms? Do the currently used dosage. À 
regimens of drugs take into account the circadian vari- | 
ation of ischemia and the surge of activity in the morn- | 
ing? What are the differential effects of various drugs 
on the different types of transient ischemia seen out of 
hospital? Will the activity of transient ischemia help - 
to identify high-risk groups who require more aggres- 
sive evaluation and treatment? E 
With ambulatory electrocardiographic recording dt 
is possible to quantitate previously unnoticed episodes - 
of disturbed regional myocardial perfusion and corre- | 
late these with the activities provoking them. It seems 
unlikely that transient regional myocardial ischemia - 
in any form can be dismissed as unimportant. Howev- - 
er, caution is suggested before the wide-scale applica- - 
tion of ambulatory monitoring in the assessment of 
CAD occurs. Most studies have been done in relatively - : 
homogenous groups with symptomatic coronary dis- 
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ease. The prevalence of silent transient ischemia and 
the sensitivity and specificity of ambulatory ST- 
segment depression to detect ischemia in a more heter- 
ogenous population are unknown. The day-to-day 
variability and natural history of exacerbations and re- 
missions in disease activity must be considered when 
assessing the effect of an intervention on ambulatory 
ischemia. Prospective studies and clinical trials will be 
needed to answer these questions. 

In summary, in the natural history of coronary ath- 
erosclerosis, 25 to 30% of myocardial infarctions and 
sudden deaths are silent or unexpected manifestations 
of coronary heart disease. To this we can now add 
ambulatory transient ischemia, which appears to be 
common, surprisingly prolonged and associated with 
ordinary daily activities. The underlying transient de- 
creases in regional coronary flow suggest that the ac- 
tivity or reactivity of atherosclerotic and stenosed epi- 
cardial arteries plays a causative role and needs more 
attention. If clinical research shows that this ischemic 
activity is undesirable, then the goals of treatment 
must change. The practitioner may have to modify his 
approach to assessment and management of these pa- 
tients by seriously considering the activity and charac- 
teristics of ischemic heart disease out of hospital and 


during daily life in an attempt to procure lasting relief 
of symptoms and prevention of ischemic damage. 
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Mechanisms and Therapy of Silent Myocardial Ischemia 
and the Effect of Transdermal Nitroglycerin 


WILLIAM E. SHELL, MD 





Studies of the mechanisms and characteristics of 
ischemic heart disease have increasingly document- 
ed evidence of myocardial ischemia in the absence of 
symptoms. Recent work using objective criteria of 
ischemic events has confirmed that angina pectoris or 
its equivalents need not accompany true myocardial 
ischemia, and this appears to be quite common. The 
impact of these findings on prognosis awaits further 
study, but preliminary data suggest an improved prog- 
nosis for persons in whom coronary artery disease 


Several acute ischemic syndromes have recently been 
defined in terms of their pathophysiology, and this has 
facilitated the choice of more specific therapy. For 
example, the recognition that transmural acute myo- 
cardial infarction represents an occlusive clot in a 
main coronary artery! has led to the use of either 
streptokinase or tissue plasmin activator as fibrinolyt- 
ic therapy.’ In addition, nontransmural acute myo- 
cardial infarction, unstable angina pectoris, stable ex- 
ertional angina pectoris, stable spontaneous angina 
and variant angina pectoris have also been defined. A 
new syndrome—silent myocardial ischemia—has also 
been noted. This article will focus on selected aspects 
of silent myocardial ischemia and will discuss the use 
of transdermal nitroglycerin to control the number, 
duration and magnitude of ischemic events. 


Definition of Acute Ischemic Syndromes 


Transmural myocardial infarction is a syndrome as- 
sociated with chest pain, ST-segment elevation, Q- 
wave evolution and appearance of cardiac enzyme ac- 
tivity in plasma. DeWood et al! have demonstrated 
that this syndrome is associated with an occlusive clot 
in 87.3% of patients with transmural myocardial in- 
farction, although Oliva et alt have shown that spasm 
of the coronary artery can cause transmural acute 
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remains asymptomatic compared with symptomatic 
patients. Further, reduction of silent ischemic events 
with nitrate therapy may be associated with a more 
benign subsequent course. Preliminary trials show a 
reduction of the number, duration and magnitude ol 
silent ischemic events by transdermal nitroglycerin, 
Ongoing technical innovations in monitoring systems 
should allow more complete characterization of this 
syndrome and lead to definition of medical therapy foi 


it. 


myocardial infarction in selected patients. In the Fra- - 


(Am J Cardiol 1985;56:231-271) 
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mingham experience,” 15% of transmural myocardial . 


infarction occurred silently. Further, the incidence of - 
silent myocardial infarction appears to be 3.6/1,000 


adults compared with an incidence of 5.3/1,000 symp- — 


tomatic infarcts. Thus, silent transmural myocardial 
infarction appears to be a frequent event. 


The precipitating events leading to nontransmural P 
acute myocardial infarction are the least well known of 


the acute ischemic syndromes. The syndrome, which 
consists of chest pain, ST-segment changes on the 


electrocardiogram and the appearance of cardiac en- . 
zyme activity in plasma, is initiated by an admixture © 
of clot, spasm, platelet aggregation and inappropriate - 


myocardial oxygen demand. The incidence of silent 


nontransmural acute myocardial infarction is un- . 
known, but autopsy evidence suggests that between 20 — 
and 60% of acute myocardial infarctions are symptom- . 
atic.’ Thus, silent nontransmural acute myocardialin- . 


farction may be quite common. 
Stable exertional angina pectoris was described by 


Heberden in 1772. The classic syndrome of exertional © 


chest pain relieved by rest and nitroglycerin is caused 


by an increase in myocardial oxygen demand, which | 
outstrips flow through fixed coronary arterial obstruc- - 
tion. Even in this classic syndrome, silent events have — 


been described. It is well known that silent ST-seg- — 


ment depression frequently occurs during exercise - 
testing in patients with established coronary.arterial | 
obstruction. In addition, silent ST-segment depres- | 


sion during spontaneous exertion has been described - 


; 
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using Holter decr de Cecchi et al8 for Em 


have described silent ST-segment depression with ex- 
ertion in patients with classic exertional angina docu- 
mented by ambulatory monitoring. They found that 
the silent events were more frequent than the symp- 


_ tomatic events. These observations support an earlier 
- report by Coccol et al? that showed that silent ischemic 


. events induced by exertion are more frequent than 
. symptomatic events in patients with classic exertional 


angina. 
Spontaneous angina pectoris is a syndrome associat- 


. ed with chest pain and reversible ST-segment depres- 
- sion. The symptoms occur at rest with emotion or with 
J. minimal activity. This syndrome is characterized by 
_ the poor correlation of symptoms with an increase in 
. myocardial oxygen demand. The syndrome has been 
. called unstable angina, angina at rest, emotional angi- 
. na, coronary insufficiency and preinfarction angi- 
- na,!-4 depending on the particular characteristic un- 
_ der discussion. The term “spontaneous angina" will be 


FLUE 


. used here to stress the lack of correlation of external 


— events with an increase in myocardial oxygen demand 
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and the potential initiating mechanisms. The inci- 
. dence of silent events in this syndrome is incompletely 


defined but appears to be quite significant. Biagini et 


- al? documented 520 episodes of ST-segment changes 
. in 11 patients who fit the profile of spontaneous angi- 
- na, and only 12% of the episodes were symptomatic. 


Spontaneous Angina: A Disease of Decreased 
Myocardial Oxygen Supply 


A specific sequence of changes occurs in patients 
with spontaneous angina. The sequence includes ST- 


| segment alteration (either elevation or depression), 
= increase in pulmonary artery pressure, increase in 
_ blood pressure and finally chest pain. The chest pain is 
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 arelatively late event in the sequence of the ischemic 
. process.!® Also, it can be demonstrated that coronary 


_ sinus oxygen saturation decreases before the ST-seg- 
 . ment changes," indicating that regional perfusion 


falls before the ischemic event. In most instances of 


. spontaneous angina, ischemia precedes the increase in 
. myocardial oxygen demand. 
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Because the onset of ischemia precedes the onset of 


. increased oxygen demand, spontaneous angina must 


be associated with a reduction in oxygen supply as the 


_ initiating event. The fall in oxygen saturation in the 


- coronary sinus in the early moments of the event!’ and 


-—*T 


- before the ST-segment alteration further confirms the 


- decrease in regional perfusion associated with a spon- 
_ taneous anginal event. A primary decrease in coronary 


blood flow appears to be the initiating event in the 


. cascade of temporal changes associated with sponta- 
. neous ischemic events. 
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The discussion of spontaneous ischemia and the 


% subsequent discussion of spontaneous silent ischemia 
_ depend on the assertion that ST-segment alterations 
reliably reflect ischemic events. Although not com- 


- pletely understood in all situations, recent evidence 
suggests that, in patients with atherosclerotic coro- 
. nary artery disease (CAD), the overwhelming propor- 
. tion of ST-segment events indicate ischemia. For ex- 
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ud Maseri et al? have shown that medi with | 
spontaneous ST-segment depression demonstrate a 
thallium defect, which occurs during the periods of 
ST-segment change both with and without chest pain. 
Recently, Deanfield et al,!? using rubidium imaging 
and positron emission tomography, have shown that 
spontaneous ST-segment events, both symptomatic 
and asymptomatic, are invariably associated with a 
reduction in regional perfusion. In patients with CAD, 
there is little evidence that sustained ST-segment al- 
terations >60 seconds occur without a reduction in 
regional blood flow. 

Potential mechanisms that could initiate intermit- 
tent reduction of regional blood flow include spasm of 
the coronary artery,?? platelet aggregation with subse- 
quent displacement or lysis of the platelet clot?! and 
alteration of coronary artery distending pressures.?? 
These mechanisms occur in diseased coronary arter- 
ies, providing a physiologic basis for initiation of epi- 
sodes of spontaneous reduction in blood flow. 

Spontaneous angina reflects intermittent reduction 
of coronary blood flow. It is a disease of reduced blood 
flow and not of increased myocardial oxygen demand. 
Prevention and treatment of spontaneous ischemic 
events should be planned with an understanding of 
these pathophysiologic mechanisms. 


Silent Myocardial Ischemia: 
Definition and Demonstration 


Silent myocardial ischemia can be defined as the 
presence of objective evidence of ischemia without 
accompanying symptoms in patients with anatomical- 
ly significant CAD.?? This definition can be expanded 
to include objective evidence of ischemia in patients 
both with and without coronary atherosclerotic ob- 
struction—again occurring without symptoms. Sever- 
al objective markers of imbalance between myocardial 
oxygen demand and supply have been proposed, in- 
cluding anatomic obstruction to flow, electrocardio- 
graphic changes, distribution of radioactive tracers or 
coronary blood flow?* and biochemical indicators of 
inadequate blood flow.” Each of these markers has 
been used to document the existence of the ischemic 
process unaccompanied by the pain of angina pectoris. 

Hemodynamically significant CAD has been repeat- 
edly documented in asymptomatic patients. In one 
review, Diamond and Forrester? indicated that 
asymptomatic CAD existed in 4.5% of patients autop- 
sied after death from noncardiac causes. Erikssen et 
al? documented hemodynamically significant CAD 
with angiography in 3.4% of a group of asymptomatic 
and presumably healthy men. Froelicher et al’? found 
significant CAD with angiography in 2.4% of his cohort 
of asymptomatic U.S. Air Force men. Cohn analyzed 
these data and reported an overall population rate of 
asymptomatic yet hemodynamitally significant CAD 
between 2 and 596.7? 

Asymptomatic ischemia has been detected by con- 
tinuous ambulatory electrocardiographic monitoring, 
using alterations of the ST segment as the marker of 
the myocardial ischemia. In 1974, Stern and Tzivoni,?? 
using high-fidelity Holter recording systems, studied 
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tients demonstrated ST-segment changes during the 
monitoring period. In 24 of the 37 patients, ST-seg- 
ment change occurred both with and without symp- 
toms. Symptomatic events in this cohort of 24 patients 
were usually associated with ST-segment alterations. 
Importantly, 13 of the 37 patients experienced epi- 
sodes of ST-segment alteration without chest pain. 
This study suggested that in patients with anginal 
episodes, asymptomatic episodes of ST-segment 
changes frequently occur. 

Schang and Pepine?? in 1977 reported that 75% of 


80 patients with s 


the episodes of ischemic ST-segment depression on. 
continuous ambulatory electrocardiographic monitor- . 


ing in their patients with CAD were asymptomatic and 
that 72% of these asymptomatic events occurred at 
rest or with minimal activity. Moreover, hourly nitro- 
glycerin significantly decreased the frequency of these 
episodes, supporting the concept that these events 
represent painless ischemia. Coccol et al? found ST- 
segment changes in 22 of his 40 patients with CAD and 
stable effort angina. Most of the events were asymp- 
tomatic; the symptomatic events were less frequent 
but lasted longer than the asymptomatic ones. Cecchi 
et al? described 32 patients with established CAD and 
effort angina who had ST-segment depression on con- 
tinuous ambulatory electrocardiographic monitoring; 
8 of these patients always had pain with ST-segment 
depression, no patient ever had pain with ST-segment 
change and 15 had both symptomatic and asymptom- 
atic events. In the last group of patients, both the 
duration and extent of ST-segment depression were 
greater when accompanied by angina. Recently, Nade- 
manee,?! and Deanfield?? and their co-workers, using 
quantitative systems for analyzing continuous ambu- 
latory electrocardiographic monitoring, demonstrated 
that between 70 and 80% of ST-segment events 
in patients with established CAD occur without 
symptoms. These observations suggest that silent ST- 
segment alterations are frequent in patients with 
established CAD, probably reflecting recurrent silent 
ischemic events in such patients. 

Silent ischemic events may also occur in patients 
with angiographically normal coronary arteries, 
reflecting either spontaneous increases in coronary 
vascular tone or inordinate increases in myocardial 
oxygen demand. Guazzi et al?? described, in a single 
patient, episodes of silent ST-segment alterations with 
hemodynamic changes consistent with anginal epi- 
sodes; the patient had angiographically normal coro- 
nary arteries. Masseri!® in 1978 performed continuous 
ambulatory electrocardiographic monitoring in pa- 
tients with angina at rest and noted a large number of 
transient ST-segment alterations; 1096 of these pa- 
tients had angiographically normal coronary arteries. 
These studies suggest that transient ischemic events 
can occur in patients without obstructive CAD. 


ST-Segment Alterations as a Marker 
of Myocardial Ischemia 


Several investigators have urged caution in the use 
of ST-segment depression during continuous electro- 
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ic myocardial ischemia for several reasons, including 
nonischemic induction of ST-segment changes and ar- 


cardiographic monitoring as a marker of asymptomat-. 


tifact induced by recording systems. Armstrong et al,?4 
using 2-channel system (Avionics) and an unknown > 
duration of ST-segment alteration as an index, report- 


ed >1 mm of ST-segment depression in 15 of 50 nor- 


mal asymptomatic subjects. The episodes lasted 30 
seconds to 2 hours, but there were no subsequent 
stress electrocardiographic abnormalities or morbid 


events during the 36 month follow-up period. 
Crawford et al,?? using single-channel recording sys- 


tem (Avionics) and a 3-beat criterion, reported a 3996 


"t 


false-positive rate when comparing ST-segment de- 


pression on continuous ambulatory electrocardio- 


graphic monitoring with angiography. 


Suggested causes of ST-segment depression in the. 


absence of myocardial ischemia include dynamic 


changes in autonomic tone, electrolyte abnormalities, | 


22 


various drugs, cerebrovascular disease,” hyperventi- | 


lation, large carbohydrate meals, orthostatic position — 
changes, mitral valve prolapse, neurocirculatory as- — 


thenia?6 and thermal, physical and emotional stress.?" 
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These episodes tend to be prolonged, with gradual | 
onset and gradual regression. However, most investi- | 


gators, including Armstrong and Morris,* have clearly 


considered silent ST-segment depression to reflect 


myocardial ischemia in patients with typical angina 


and probably to reflect ischemia in patients with © 
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known CAD. Substantial work with true normal sub- | 
jects using artifact-free recording systems will be re- — 
quired to assess the incidence and implications of si- - 
lent spontaneous ST-segment depression in otherwise — 


normal subjects. Our own experience—using a cali- 
brated real-time recording system and a 60-second 
ST-segment criterion and characterization of ST-seg- 


ment changes with discrete onset and offset as indica- — 
tive of ischemia—suggests that ischemic ST-segment - 
events in normal subjects without prolapsed mitral — 


valve are very infrequent. 


] 


Maseri et al,'® concerned with the implication of - 
spontaneous ST-segment depression as a marker of | 


ischemia in patients both with and without atheroscle- 


rotic vascular disease, have investigated the implica- | 


tion of these changes. In 7,000 continuous electrocar- | 


diograms in patients with a history of spontaneous 


angina, with and without angiographically defined - 
CAD, they noted numerous typical ST-segment - 
changes not associated with anginal pain. A large num- | 
ber of asymptomatic ST-segment changes were ac- — 
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companied by hemodynamic left ventricular dysfunc- | 
tion and by regional reduction of myocardial perfusion - 
demonstrated by thallium scanning. Chierchia et al?5 — 
have shown that silent ST-segment changes are pre- . 
ceded by regional myocardial blood flow reduction, 
based on continuous monitoring of coronary sinus oxy- _ 


gen saturation. Maseri et al! have also shown the . 


association of asymptomatic transient ST-segment 
changes with angiographically defined vasospasm in 


- 


patients with and without coronary artery disease. Fi- - 


nally, Deanfield et al,!° using rubidium imaging with — 


positron emission tomography, have demonstrated 


that each episode of ST-segment alteration is associat- 
ed with a decrease in regional perfusion of the myocar- 
dium. To date, there has not been a demonstration 
that a spontaneous ST-segment change >60 seconds 
in patients with CAD occurs in the absence of a reduc- 
tion of coronary blood flow. 

Thus, while the usefulness of the ST-segment 
change as a marker of myocardial ischemia in com- 
pletely asymptomatic normal persons without CAD 
may still be in some doubt despite ongoing technical 
innovations in monitoring techniques, ST-segment 
abnormalities in patients with previous anginal symp- 
toms or a history of CAD seem to represent myocardial 
ischemia, even in the absence of angiographically de- 
fined disease or pain during a given ST-segment event. 


The Prognostic Implications 
of Silent Myocardial Ischemia 


The prognosis of silent myocardial ischemia is poor- 
ly defined; both an increased mortality secondary to a 
defective anginal warning system and a decreased 
mortality related to a smaller potential ischemic zone 
have been proposed.? Cohn et al?? have followed a 
group of 127 symptomatic patients and a smaller co- 
hort of 44 asymptomatic patients with similar CAD for 
more than 7 years. The survival at 7 years was 81% in 
the asymptomatic group compared with 62% in the 
‘symptomatic group; the yearly mortality was 2.7 com- 
pared with 5.4%, respectively. In the patients with 3- 
vessel disease, the yearly mortality rate in the asymp- 
‘tomatic group was 4.7% compared with 8.7% in the 
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FIGURE 1. Effect of transdermal nitroglycerin on the number ot 
ischemic events. Both symptomatic and asymptomatic events are 
included in number of events. © represents patients before therapy; 
9 represents patients after stabilization on transdermal nitroglycerin. 
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. FIGURE 2. Effect of transdermal nitroglycerin on the duration of 
ischemic events. 
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symptomatic group. This suggests an intermediate 
prognosis for silent ischemia in persons with symp- 
tomatic CAD compared with those without CAD. This 
study represents the largest cohort of asymptomatic 
subjects followed; however, not all of the asymptomat- 
ic patients had had documented silent myocardial 
ischemic events. Clearly, further data are necessary 
concerning the natural history and prognostic impli- 
cations of silent myocardial ischemia and the effects of 
therapeutic reduction in the frequency of silent isch- 
emic episodes. In addition, there is a paucity of data 
defining the outlook for patients with angina who also 
demonstrate silent myocardial ischemic events; our 
initial experience suggests that these patients have an 
adverse short-term prognosis in the absence of therapy. 


The Abolition of Silent Ischemia by Nitrates 


The treatment of silent ischemic events is largely 
unexplored. There are a number of potential agents 
that could abolish these events, including nitrates, 8- 
blocking agents, calcium-channel blocking agents and 
coronary bypass surgery. We have been examining the 
use of transdermal nitroglycerin in the syndrome of 
silent myocardial ischemia. There were several rea- 
sons for the choice of this agent. The nitrates have a 
long history in the treatment of spontaneous anginal 
events, and silent ischemia is analogous to spontane- 
ous angina. Transdermal nitroglycerin could provide 
nearly constant blood levels, which may be necessary 
in patients with silent ischemia because they do not 
know when they experience ischemic events. In addi- 
tion, the nitrates have a known safety range without 
decreasing myocardial contractility, so we could ti- 
trate to large doses if necessary to treat the silent 
events. 

Schang and Pepine?? studied the effects of sublin- 
gual nitrates compared with placebo on the frequency 
of silent myocardial ischemic events. Five patients 
were treated with either hourly sublingual nitroglycer- 
in or placebo during 10-hour periods of ambulatory 
monitoring. Asymptomatic episodes of ST-segment 
depression were significantly less frequent with ni- 
trate therapy than with placebo (3.7 compared with 
0.6 episodes per monitoring period). 

We have recently completed an open label trial to 
test the effects of transdermal nitroglycerin on the 


(v 
+ 






ISCHEMIA - 
MAGNITUDE 
INTEGRAL 
(MM x MIN) 


BEFORE © 
AFTER O 





FIGURE 3. Effect of transdermal nitroglycerin on the magnitude of 
ischemic events as estimated by the ischemia-magnitude integral. 
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number, duration and magnitude of ischemic events.4? 
In 8 patients with chronic stable angina, we performed 
24-hour ambulatory monitoring using a calibrated sys- 
tem (DMI Instruments). From each tape a 24-hour full 
disclosure record was displayed on hard copy. From 
the hard copy printout, the onset and offset of each 
ST-segment event (either depression or elevation) 
were marked. In addition, the maximal depth of either 
the depression or elevation was measured in millime- 
ters. We then counted the number of events, measured 
the duration in total minutes and estimated the mag- 
nitude of each event by multiplying the duration by 
the magnitude for each event—the so-called ischemia- 
magnitude integral. The baseline 24-hour tape was 
obtained while patients were receiving 8 blockade and 
sublingual nitroglycerin. Each patient was experienc- 
ing symptomatic angina pectoris on the regimen of 8 
blockade and sublingual nitroglycerin. 

We then titrated the dosage of transdermal nitro- 
glycerin in each patient, beginning with 5 mg/24 hours 
(10 cm?) and increasing the dose in 5 mg/24 hour 
increments. We increased the dosage until the number 
of symptomatic events was abolished and the 24-hour 
tape was repeated. The mean dosage was 10.4 mg/24 
hours (range 5 to 20 mg or 10 to 90 cm?). The number 
of symptomatic events decreased in all 8 patients. In 
addition, the total number of events fell from 5.8 to 
0.9/24 hours (Fig. 1, p <0.025). As in other studies, 80% 
of the events were silent. 

The duration of ischemic events also decreased from 
110 to 21 minutes/24 hours (Fig. 2, p «0.05). The 
magnitude of the ischemia as estimated by the isch- 
emia-magnitude integral also decreased (Fig. 3, p 
« 0.01). 

Thus, in an open label trial, using a titration proto- 
col, transdermal nitroglycerin reduced the number, 
duration and magnitude of both symptomatic and 
asymptomatic ischemic events. We are currently per- 
forming a double-blind, placebo-controlled trial to 
confirm these initial results. In addition, we are assess- 
ing the impact of attenuation by the time of this thera- 
peutic result. Each of the agents that could potentially 
reduce the number of ischemic events defined by am- 
bulatory monitoring should be subjected to rigorous 
examination. Our initial results with transdermal ni- 
troglycerin are promising and suggest a role for these 
agents in controlling silent myocardial ischemia. 

In summary, silent myocardial ischemia is a com- 
mon manifestation of ischemic heart disease and oc- 
curs in all the ischemic syndromes. The current diag- 
nostic standard for silent ischemia involves ambula- 
tory monitoring. There is a paucity of data concerning 
the treatment of silent ischemic events. Our initial 
data suggest that transdermal nitroglycerin given in 
sufficient doses can reduce the number, duration and 
magnitude of ischemie events. 
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Nitrate Tolerance 


JOHN O. PARKER, MD 





Nitrate tolerance may be defined as that condition in 
which increasing nitrate doses are required to induce 
a given hemodynamic or antianginal effect. Tolerance 
may be due to changes in pharmacokinetics or to 
alterations in the property of target tissues, making 
them less sensitive to the nitrate effect. The question 
of nitrate tolerance has been addressed using 4- 
times-a-day therapy with oral isosorbide dinitrate, 
daily therapy with long-acting isosorbide dinitrate oint- 
ment and once-a-day therapy with nitroglycerin 
patches. Each of these treatment modalities is associ- 
ated with initial beneficial effects, but during sustained 
therapy, there is marked attenuation of the effect both 
in magnitude and duration. Thus the concept that 
stable nitroglycerin blood levels over 24 hours are 
desirable appears to be incorrect. Preliminary hemo- 
dynamic studies suggest that short periods of nitrate 
withdrawal restore the hemodynamic effect of the 
nitrates, and it is postulated that intermittent nitrate 
therapy may be desirable in the management of angi- 


na. Transmucosal nitroglycerin administration for a 
15-hour period with a 9-hour washout period was 
recently undertaken. The results demonstrated that 
this method of nitrate administration is not associated 
with development of tolerance to its antianginal 
effects. 

Large doses of transdermal nitroglycerin, varying 
from 45 to 100 mg during short-term studies, have 
been shown to result in only minimal increases in 
exercise tolerance at 24 hours. These findings, plus 
evidence that with smaller doses tolerance occurs 
after only 1 week of once-a-day therapy, challenge 
the concept that larger nitroglycerin dosages, admin- 
istered once a day by transdermal patches, could be 
effective throughout a 24-hour period in patients with 
angina pectoris. The current information suggests that 
it would be necessary to apply larger doses, but to 
remove them after a period of 12 to 14 hours and 
allow a washout period to prevent tolerance. 

(Am J Cardiol 1985;56:281-311) 





Nitrate tolerance may be defined as that condition in 
which increasing nitrate doses are required to induce a 
given hemodynamic or antianginal effect. Tolerance 
may be due to changes in pharmacokinetics or to alter- 
ations in the property of target tissues, making them 
less sensitive to the nitrate effects. There is substan- 
tial evidence of the development of tolerance to the 
organic nitrates. This has been demonstrated in muni- 
tions workers,! patients with angina pectoris?? and 
patients with left ventricular dysfunction.* The fall in 
systolic blood pressure after the administration of ni- 
trates has been shown to be markedly attenuated dur- 
ing sustained therapy in animals,” patients with angi- 
na? and patients with heart failure.* The effect of these 
agents on left ventricular filling pressures in cardiac 
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failure persists during sustained therapy, but the mag- 
nitude of response is diminished.*® 

There has been substantial controversy as to the 
relevance of hemodynamic tolerance to the antian- 
ginal effects of the organic nitrates. Clinical studies 
have reported prolongation of exercise times for peri- 
ods of several hours after oral isosorbide dinitrate 
(ISDN) during sustained therapy.?^? Our studies have 
repeatedly shown that during 4-times-a-day oral ther- 
apy with ISDN, the antianginal effects persist for only 
1 to 2 hours, rather than the 8 hours seen during acute 
dosing.” The basis for these conflicting observations 
is not clear but may be related to study design. 


Tolerance to Isosorbide Dinitrate 


Twelve male patients with chronic stable angina 
entered a placebo-controlled, double-blind study in 
which the hemodynamic and antianginal effects of 
ISDN were studied during short- and long-term thera- 
py.” During the short-term phase, each patient was 





Uy 


studied twice a week with at least 2 days separating 
study days. Following preliminary treadmill exercise 
testing, patients were given identical-appearing tab- 
lets that contained either placebo or ISDN in doses of 
15, 30, 60 or 120 mg. Each patient received placebo on 
2 occasions. Investigations were carried out in the 
morning; patients were in the fasting state and heart 
rate and blood pressure were recorded in the supine 
and standing positions. Patients then performed 
treadmill testing, and the times to the onset of angina 
and development of moderate angina were recorded. 
Immediately after this control test, the scheduled 
medication was administered, and resting hemody- 
namic indexes were measured and treadmill exercise 
was performed after 1, 2, 4, 6 and 8 hours. All 12 
patients received 15, 30 and 60 mg of ISDN, but only 7 
received the 120-mg dose in this short-term phase, as 
headache or hypotension developed with 60 mg in 5 
patients. 

After completion of the short-term phase, patients 
were placed on placebo tablets 4 times a day for 2 
weeks. At the end of this period, hemodynamic and 
treadmill exercise testing were carried out before and 8 
hours after the final morning dose of placebo. In con- 
secutive weeks, patients received 15, 30, 60 and 120 mg 
of active ISDN 4 times a day (at 8 AM and 12, 4 and 8 
PM). At the end of each of these treatment periods, the 
patients came to the laboratory without taking the 
morning medications. Treadmill exercise testing was 
performed, the scheduled dose of ISDN administered 
and then hemodynamic and treadmill exercise testing 
performed over an 8-hour period. 

During short-term therapy with each dose of ISDN, 
systolic blood pressure dropped at 1 hour and re- 
mained below placebo values for the 8-hour observa- 
tion period. There was an apparent dose-response re- 
lation with greater decreases in systolic blood pressure 
with the higher doses. This hypotension was accompa- 
nied by reflex increases in heart rate. During long- 
term therapy, each dose of ISDN produced a reduction 
in systolic blood pressure at 1, 2 and 4 hours, but not at 
6 or 8 hours. There was no apparent dose-response 
relation. 

During the short-term study, significant prolonga- 
tion of treadmill exercise time to the onset of angina 
and development of moderate angina was seen with 
each dose of ISDN. This effect, which was greater with 
the larger doses, was apparent over the entire 8-hour 
observation period. During long-term, 4-times-a-day 
therapy, exercise times to the onset of angina and 
development of moderate angina were prolonged for 
only 2 hours after each dose, and thereafter, there was 
no difference compared with placebo. The magnitude 
of the improvement seen at 2 hours was less pro- 
nounced than that seen during short-term therapy. 
The attenuated hypotensive and antianginal effects 
occurred despite the presence of significantly higher 
plasma ISDN concentrations during the long-term 
compared with the short-term study. 

Since this initial observation, we have completed 
further studies that have confirmed the development 
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of tolerance: treadmill exercise time is prolonged for 2 | 
hours after a given dose, but no effect is seen there- - 
after.?? 


Tolerance to Transdermal Isosorbide Dinitrate 


In a recent study, we documented the development 
of tolerance to other modes of ISDN administration.!? | 
Twelve patients were studied after the single applica- | 
tion of 100 mg of ISDN ointment spread over a 200 cm? 
area. This preparation was formulated to provide an. 
effect over a 24-hour period. This investigation 3 
showed that treadmill walking time was prolonged for - 
8 hours after a single application, but there was no - 
effect at 24 hours. When similar doses were applied 
once a day for a period of 7 to 10 days, treadmill - 
walking time over the 8-hour period was identical to - 
that seen with placebo ointment. This was further - 
confirmation of the rapid development of tolerance - 
during long-term therapy. When sublingual nitroglyc- — 
erin (NTG) was administered, a normal hypotensive - 
response was seen and there was a marked improve- | 
ment in treadmill walking time. | 


Tolerance to Transdermal Nitroglycerin 


NTG ointment has been used for several years for - 
the management of patients with angina!! and conges- - 
tive heart failure.!? Studies have shown prolongation © 
of treadmill walking time for periods of 3 to 7 hours! 13 _ 
with this product, but little information is available — 
regarding long-term therapy. Reichek et al!! studied a — 
small subgroup of patients after several months of 3- — 
times-a-day therapy with NTG ointment and found | 
no attenuation of the antianginal effects. There are, — 


however, no well-controlled studies that have ERES 


the antianginal effect of NTG ointment during long- - 
term therapy. 

NTG patches have been available for approximately 
3 years in the United States and they have received © 
widespread clinical acceptance. The patches are de- - 
signed to provide a steady infusion of NTG and to lead — 
to stable plasma concentrations over the 24-hour dos- E 
ing interval. The early studies claimed that patches - 
delivering 5 mg over 24 hours induced plasma NTG - 
concentrations of approximately 1 ng/ml.!4 Subse- € 
quent investigations have not confirmed this; general- | 
ly, the patches produce much lower plasma Wes 15 

Clinical studies have shown that during short-term . 
therapy with NTG patches, exercise tolerance is pro- 4 
longed for periods ranging from 4 to 8 hours, but with — 
the usual doses used, there have been no reports of — 
prolongation for longer periods throughout the 24 — 
hours.!?.6 [n a group of 6 patients who received 45-mg - a 
patches, we did show a 24-hour effect during short- | 
term therapy (Fig. 1), but no data are available regard- d 
ing long-term therapy.’ In an uncontrolled study, we — 
observed 4 patients before and after applications of | 
50- to 100- -mg NTG patches and found effects at E 
and 24 hours in 3 patients. 

We have demonstrated that during long-term thera- 
py there is attenuation of the antianginal effects with | 
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the currently avaiable diede of tiii rua] NTG. 
"Thus, after 7 to 10 days of once-a-day therapy with 
NTG patches that deliver 15 mg/day, treadmill walk- 
ing time throughout the testing period was similar to 
that seen with placebo.!^ 

~ It would appear from the data from oral ISDN, 
transdermal ISDN and transdermal NTG studies that 
long-term therapy with each of these nitrate prepara- 
tions i is associated with diminution of the hemody- 
namic and antianginal effects. The complete lack of 
efficacy of transdermal ISDN and transdermal NTG 
during long-term therapy suggests that the concept of 
providing steady-state plasma levels for continuous 
antianginal protection is incorrect. 


Rate of Tolerance Development 


- The studies just outlined have demonstrated that 
tolerance to the antianginal effects of the nitrates oc- 
curs within 7 to 10 days of sustained therapy. There is 
little information regarding the minimal period of 
time required for such tolerance to develop in man." 
We used a challenge with 5 mg of sublingual ISDN to 
assess nitrate responsiveness (Fig. 2). On day 1, the 
effect of sublingual ISDN (5 mg) on heart rate and 
systolic blood pressure was assessed over a 3-hour pe- 
riod. Patients then received 15 mg of ISDN every 6 
hours for 48 hours. On day 2, after only 3 tablets of 
ISDN, the hypotensive effect of sublingual ISDN was 
attenuated. The reduction in systolic blood pressure 
was approximately 50% of that present during the 
control study day. A similar pattern was seen on the 
third day, 48 hours after the institution of oral 
ISDN therapy. Patients were then placed on oral 
ISDN placebo, and on day 4, when they had received 
only 3 placebo tablets, the blood pressure response to 
sublingual ISDN was similar to the control values. 
"The response persisted on day 5. This study demon- 
strated that within less than 24 hours there was 
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FIGURE 1. Exercise tolerance with transdermal nitroglycerin therapy 
(acute). Reproduced with permission from Am J Cardiol. '® 


ME ned of USA: oat Kae tsy ind that within 
less than 24 hours of withdrawal of oral ISDN the 
hemodynamic response to the ISDN challenge was 
normal. 


Is Intermittent Nitrate Therapy Less Likely to Be 
Associated with Nitrate Tolerance? 


As demonstrated, the delivery systems designed to 
produce steady-state nitrate levels are associated with 
complete loss of antianginal efficacy in a short period 
of time. When oral medications are given 4 times a day, 
the antianginal effect is diminished but is still evident. 
It has been suggested that a period of drug washout 
might prevent the development of tolerance. We as- 
sessed this by comparing the antianginal effects of oral 
ISDN administered 4 times a day with transmucosal 
N'TG administered 3 times a day, which provided a 9- 
hour washout period overnight.? This study confirmed 
the development of tolerance during sustained, 4- 
times-a-day therapy with ISDN. This study showed 
that treadmill walking time was prolonged 1 hour after 
a given oral ISDN dose, but no subsequent effect was 
seen. On the other hand, when buccal NTG was given 3 
times a day with a 9-hour washout period, treadmill 
exercise time was prolonged for a period of 5 hours 
after a single dose. The response during therapy with 
transmucosal NTG was similar during the short- and 
long-term phases of this study. Recent studies from 
Germany suggest that single daily doses of sustained- 
release oral ISDN are not associated with tolerance, 
whereas more frequent dosing is associated with 
marked diminution of the antianginal effects.!? 

At the present time, it appears desirable to prescribe 
oral nitrates on a 3-times-a-day basis, with no medica- 
tion after the supper dose. With transdermal prepara- 
tions, one could postulate that it would be best to 
remove the patches after 12 to 16 hours of application 
to allow overnight washout. 
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FIGURE 2. Hemodynamic response to sublingual isosorbide dinitrate 
challenge. Reproduced with permission from Circulation. 17 
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In summary, studies have clearly documented the 
organic nitrates to be potent vasodilators and to in- 
duce major hemodynamic and antianginal effects. 
During sustained therapy with oral ISDN, transder- 
mal ISDN and transdermal NTG, the hemodynamic 
and antianginal effects are attenuated. Nitrate toler- 
ance has been shown to develop promptly but can be 
reversed during short periods of nitrate withdrawal. 
Intermittent low-dose nitrate therapy is suggested to 
produce prolonged clinical effects without develop- 
ment of clinically relevant tolerance to the hemody- 
namic and antianginal effects. 
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Hemodynamic Attenuation and the Nitrate-Free Interval: 
Alternative Dosing Strategies for Transdermal Nitroglycerin 


JOHN T. FLAHERTY, MD 





Various dosing strategies to determine therapeutic 
effects of nitroglycerin (NTG) preparations are re- 
. viewed. The importance of individual patient titration 
in establishing an effective NTG dosage is emphasized 
by reviewing a nitroglycerin ointment study and a 
_ crossover study. Studies reporting the development of 
hemodynamic attenuation (‘‘tolerance’’) with long- 
. term nitrate therapy are also discussed. The results of 
these and other studies suggest that the magnitude of 
_ the hemodynamic response to NTG or isosorbide dini- 
trate diminishes over time, with acute or first-dose 
effects far exceeding those obtained during long-term 
therapy. However, patients on long-term therapy con- 
tinue to respond to sublingual NTG, which suggests 
_ that this phenomenon is not true NTG tolerance. 
The effect of a nitrate-free interval as a mechanism 


for avoiding hemodynamic attenuation of NTG therapy 
is reviewed. The results of 4 studies discussed found 
that intermittent nitrate protocols were not associated 
with the attenuated hemodynamic effect observed 
during chronic therapy. Two possible mechanisms for 
the vasodilatory effects of nitroglycerin are discussed. 
The first relates to the production of cyclic guanosine 
monophosphate in the smooth muscle cells of arteries 
and veins; the second to the synthesis of prostaglandin 
l> by vascular endothelial cells. A mechanism by 
which nitrate receptors could be manipulated to in- 
crease vascular responsiveness is theorized, as well 
as a means by which a nitrate-free interval might 
avoid the development of hemodynamic attenuation in 
terms of cellular mechanisms and receptors. 

(Am J Cardiol 1985;56:321-371) 





Long-acting nitrates have been a mainstay in the pro- 
phylactic therapy of stable angina pectoris for the past 
-. 20 years. They can be administered orally, transmuco- 
sally or transcutaneously. Oral preparations are 
administered every 6 to 12 hours in order to obtain 
-.24-hour prophylaxis. Transmucosal preparations are 
inserted into the buccal space every 4 to 5 hours only 
during the patient's waking hours to avoid the possi- 
bility of aspiration during sleep. Transcutaneous 
- delivery of nitroglycerin (NTG) can be accomplished 
by application of 2% NTG ointment every 4 to 6 hours. 
More recently, transdermal delivery systems have 
been developed that deliver N'TG continuously for 24 
hours. Two recently published clinical studies have 
raised considerable controversy regarding the efficacy 
of long-acting nitrates, in general, and the new trans- 
dermal delivery systems, in particular. 
This article will (1) present data that emphasize the 
. importance of dose titration in individual patients, 
including those from our own recent study of the cross- 
over from intravenous to transdermal nitroglycerin in 
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patients with unstable angina, (2) review briefly sever- 
al major studies on the development of hemodynamic 
attenuation (tolerance) during long-term nitrate ther- 
apy, (3) review 4 recent studies on the avoidance of 
hemodynamic attenuation by means of a dosing strat- 
egy using a nitrate-free interval, (4) discuss the cellu- 
lar mechanism of NTG’s vasodilating action, (5) dis- 
cuss evidence for a nitrate receptor and (6) speculate 
on the mechanism by which a nitrate-free interval 
might avoid the development of hemodynamic attenu- 
ation in terms of these cellular mechanisms and vascu- 
lar receptors. 


Individual Dose Titration 


NTG ointment was shown by Reichek et al! to result 
in a significant decrease in systolic arterial pressure, a 
significant increase in heart rate and a significant in- 
crease in exercise duration, 1 and 3 hours after short- 
term application. After 2 to 3 months of therapy, sig- 
nificant hemodynamic and antiischemic effects could 
still be demonstrated. In this study, each patient was 
individually titrated to ensure that an adequate hemo- 
dynamic effect was being obtained. The endpoint was 
a 10% lowering of systolic arterial pressure. A range of 
doses between 1.5 and 19.6 mg was required to obtain 
this endpoint in individual patients. This wide range 
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of donde required to obtain a nienia hemodynamic 


effect emphasizes the limitations inherent in studies 
that use only a single fixed dose of a vasodilator medi- 
cation in all patients. 

We recently completed a crossover study (from in- 
travenous to transdermal NTG) in patients with un- 
stable angina.? This study demonstrated the impor- 
tance of dose titration in individual patients for both 
the intravenous and the transdermal routes of admin- 
istration. Seventeen consecutive patients with unsta- 
ble angina were treated with intravenous NTG, which 
was added to any prior calcium or 8-blocker therapy. 
Fifteen of the 17 patients became pain free. Of these 
15, 10 patients had catheterization-proven ischemic 
etiology for their chest pain and no change in other 
vasoactive medications during crossover from intra- 
venous to transdermal nitroglycerin. All 10 of these 
patients remained pain free during the first 24 hours 
after crossover. Seven of 10 remained pain free until 
hospital discharge. Two patients had a single episode 
of chest pain after temporary discontinuation or re- 
duction of their transdermal dose. Both became pain 
free after restarting or restoring their original post- 
crossover dose. The remaining patient became unsta- 
ble again, failed to respond to reinstitution of intra- 
venous NTG and underwent urgent coronary bypass 
surgery. 

The crossover protocol was initiated by reducing the 
infusion rate by 50% and applying a 5 or 10 mg/24 hour 
transdermal patch. After 30 minutes of observation, if 
the systolic blood pressure increased by «1096, then 
the infusion rate was decreased further. If the systolic 
blood pressure increased by >10%, then another trans- 
dermal patch was applied. This sequence was repeated 
until the infusion was completely turned off. If an 
episode of chest pain at rest occurred after crossover to 
transdermal therapy, then an additional 10 mg/24 
hour patch was applied. 

Five to 40 mg/24 hours of transdermal NTG therapy 
was required to cross over patients receiving 10 to 200 

ug/min of intravenous NTG. Although we have not 
ruled out the possibility of spontaneous improve- 
ment, these results do suggest that crossover to 
transdermal N'TG patches successfully maintains the 
beneficial antiischemic effects initially obtained with 
intravenous NTG therapy. These results, like the re- 
sults of Reichek's study of NTG ointment, further 
emphasize the need for individual patient titration to 
establish an effective dose and, in addition, emphasize 
the wide range and relatively large dose of transdermal 
N'TG required to prevent episodes of pain at rest in 
patients with unstable angina. 


Development of Attenuation or Tolerance 


Orally administered isosorbide dinitrate (ISDN) 
has been shown to increase treadmill exercise dura- 
tion, decrease systolic blood pressure and increase 
heart rate in a dose-dependent fashion from 1 to 8 
hours after short-term administration.’ This same 
study also demonstrated significant attenuation in the 
systolic blood pressure lowering after 2 weeks of ad- 
ministration of 15 mg of ISDN 4 times a day. In this 
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phase of nitrate therapy, a significant increase in exer- 
cise duration was demonstrable only 1 and 2 hours 
after administration of 15- to 120-mg doses. Attenua- 
tion of hemodynamic effects, rather than true nitro- 
glycerin tolerance, may be a preferable term, because 
in most patients, the authors of this study were de- 
scribing attenuation of long-term compared with 
short-term hemodynamic effects. 

In order for the definition of true nitrate tolerance | 
to be satisfied, it is also necessary to demonstrate loss — 
of the ability of sublingually administered NTG to 
increase exercise duration during long-term NTG or- 
ISDN therapy. Such a study was performed by Dalal | 
et alt using short- and long-term administration of 30 - 
mg of ISDN. They demonstrated a significant increase 
in exercise duration 2 hours after a dose of ISDN in the 
short-term phase of the study. However, 1 week later, 
after patients had received 30 mg of ISDN 4 times a 
day, the same dosage resulted in only half of the initial 
increase in exercise duration previously noted with 
short-term administration. Sublingual NTG failed to | 
increase exercise duration at a time when significant - 
hemodynamic and antiischemic effects were present. — 
In contrast, 6 hours after an oral dose of ISDN, a time 
when the antiischemic effects were attenuated, the 
response to sublingual NTG was intact. This would - 
suggest that patients were not truly tolerant to NTG — 
but only needed a higher NTG blood level for the same" 
antiischemic effect to be obtained. 

Leier et al? have also showed hemodynamic attenua- - 
tion in patients receiving oral ISDN therapy for chron- - 
ic congestive heart failure. They reported significant _ 
reductions in pulmonary capillary wedge pressure, - 
mean arterial pressure and pulmonary vascular resis- 
tance during the short-term phase and also after 3. 
months of therapy with 40 mg of ISDN 4 times a day. - 
Attenuation of the arterial pressure-lowering effects | 
was noted during long-term therapy. However, the - 
pulmonary capillary wedge pressure- and pulmonary © i 
vascular resistance-lowering effects persisted. Mea- - 
surements made during exercise revealed that pulmo- | l 
nary capillary wedge pressure, mean pulmonary artery : 
pressure and pulmonary vascular resistance were low- _ 
ered during both short- and long-term administration | 
of ISDN. Persistence of the preload lowering effects — 
would suggest that the venodilating effects both at rest | 
and during exercise did not attenuate but in fact be- - 
came even more significant, as evidenced by progres- 
sive improvement in exercise duration during the 3 
months of long-term administration. 

In summary, the results of these studies suggest iati 
the magnitude of the hemodynamic response to nitro- - 
glycerin or ISDN diminishes with time; the acute, or 
first, dose effects far exceed those obtained during © 
long-term therapy. On the other hand, the response of | 
these patients to sublingual N'TG persists, suggesting - 8 
that true NTG tolerance had not developed. In con- . 
trast to effects on arterial pressure and systemic vas- E 
cular resistance, which appear to attenuate'markedly, - 
effects on pulmonary capillary wedge pressure and - 
pulmonary vascular resistance appear to persist with- | 
out attenuation into the long-term phase of therapy. 3 
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This may well Enwi the persistent beneficial effects | 


on exercise tolerance in angina and heart failure pa- 
tients noted by Reichek,! Leier® and their co-workers, 
respectively. Other possible mechanisms responsible 
for NTG's persistent beneficial effects include dilation 
of intercoronary collateral channels and prevention of 
coronary vasospasm. These latter mechanisms of ac- 
tion, like the venodilatory actions, may also persist 
during long-term therapy and thereby explain the 
continued clinical benefit observed. 

— After the development of convenient 24-hour trans- 
dermal NTG delivery systems, a new wave of studies 
was carried out to test the efficacy of NTG therapy in 
angina pectoris and the clinical importance of hemo- 
dynamic attenuation. There seems to be no question 
that the transdermal delivery systems deliver NTG 
uniformly over 24 hours, much like an intravenous 
infusion. NTG blood levels can be shown to be direct- 
ly related to area of skin used for drug delivery. Benefi- 
cial hemodynamic effects appeared to be maintained 
for at least 10 hours after patch application, with some 
attenuation evident after 24 hours. Venous plasma 
concentrations using dosages of 5 to 20 mg/24 hours 
were low, however, compared with blood levels noted 
previously after 1.6-mg sublingual doses of NTG or 12- 
mg doses of 2% NTG ointment.’ Several early clinical 
Studies suggested that long-term beneficial effects 
could be obtained using relatively small doses in pa- 
tients with chronic stable angina?-!! and in patients 
with chronic congestive heart failure. ^!? 

- In contrast, 2 recently published clinical studies 
raised significant doubts as to the long-term beneficial 
effects of transdermal NTG in delivery systems and, 
likewise, the 24-hour duration of action after a single- 
dose application. Parker and Fung" studied the acute 
-effects of doses of transdermal NTG ranging from 15 
to 45 mg/24 hours. They found no significant effects 
on exercise duration at 24 hours after patch doses of 15 
or 30 mg/24 hours. Only at a dosage of 45 mg/24 hours 
were significant antiischemic effects still present 24 
hours after patch application. Reichek et al,!° using a 
‘mean transdermal NTG dosage of 25 mg/24 hours in 
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. FIGURE 1. Exercise-induced ST-segment depression (AST) with in- 

_ termittent corhpared with continuous oral isosorbide dinitrate (ISDN) 

therapy before (time 0) and 1 and 6 hours after dosing. Intermittent 

- therapy consisted of 20 mg of ISDN administered at 8 A.M. and 1 P.M., 
while continuous therapy consisted of 40 mg of ISDN every 6 hours. 

Adapted from Rudolph. '” 
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the presence of Meer s i thera with B Potes 
or calcium-channel blockers in most patients, found 
significant antianginal effects after 4 and 8 hours, but 
were unable to find any significant antiischemic ef- 
fects 24 hours after patch application. 

In summary, N'TG tolerance, or more properly, he- 
modynamic attenuation, develops with all forms of 
NTG and ISDN preparations. Attenuation of the arte- 
rial dilating effects appears to be more marked than 
attenuation of the venodilating effects. It remains un- 
certain whether antianginal effects will follow the ven- 
odilating effects. It also remains to be demonstrated 
whether significant attenuation develops with the di- 
rect coronary artery dilating, intercoronary collateral 
channel dilating or vasospasm-preventing effects. 
Long-term administration of ISDN to patients with 
congestive heart failure results in improved exercise 
tolerance during long-term therapy. Therefore, at 
least in that patient population, clinical efficacy would 
appear to follow the persistent venodilating, or pre- 
load lowering, effects. 

Several investigators have questioned whether con- 
tinous delivery of NTG, especially at relatively small 
doses, may actually promote the development of he- 
modynamic attenuation. The quantity of drug deliv- 
ered could be increased by using larger surface areas of 
skin (ie., larger doses). Likewise, “flux enhancers” 
could be used to facilitate transfer of drug through the 
skin. It might be possible to prolong the action of the 
drug by slowing its metabolism. Lastly, the drug action 
might be potentiated by increasing the number or 
efficiency of drug binding sites (vide infra). Whether 
or not increased drug delivery alone will overcome the 
attenuation of hemodynamic effects noted during 
long-term nitrate therapy remains controversial and is 
one of the major goals of an ongoing multicenter trial 
sponsored by all 3 patch manufacturers. On the other 
hand, Jansen et al!6 have suggested that larger doses 
may in fact increase the development of hemodynam- 
ic attenuation. 


A Nitrate-Free Interval 


Rudolph et al!’ were the first to suggest that a ni- 
trate-free interval might provide a mechanism for 
avoiding the development of hemodynamic and antiis- 
chemic attenuation. They demonstrated the develop- 
ment of “tolerance” to both the arterial and antiische- 
mic effects of ISDN when 40-mg doses were adminis- 
tered 4 times a day for 2 weeks in a double-blind, 
placebo-controlled, crossover study. They first tested 
the response to sublingual NTG, 0.8 mg, in 10 patients 
during the short-term phase and then again after 2 
weeks of long-term administration of ISDN. Sublin- 
gual NTG resulted in an 87% decrease in exercise- 
induced ST depression from 1.20 to 0.15 mm 
(p<0.01), and a 53% decrease from 1.90 to 0.90 mm, 
(p<0.01) during short- and long-term administration 
of ISDN, respectively. Eleven patients received 40 mg 
of ISDN every 6 hours for 2 weeks, a regimen that 
would result in relatively constant ISDN blood levels, 
and could therefore be considered continuous therapy. 
These investigators noted a decrease in exercise-in- 
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hour after a 40-mg dose and from 2.35 to 1.20 mm (p 
<0.01) 6 hours after a dose during the short-term 
phase (Fig. 1). In contrast, after long-term administra- 
tion, ST-segment depression at the same workload 
decreased only from 1.95 to 1.65 mm (difference not 
significant) 1 hour after a dose and from 2.05 to 1.85 


mm (difference not significant) 6 hours after a dose. 


Believing that a nitrate-free interval or a smaller dose 


would limit the development of tolerance, Rudolph et 
J. aladministered ISDN intermittently, with a dose of 20 


mg given at 8 A.M. and 1 P.M., leaving a nitrate-free 
interval at night. They administered this intermittent 
therapy to 10 patients for 28 days and found no atten- 
uation of the antiischemic effects they noted previous- 
ly. In these patients receiving intermittent therapy, 
exercise-induced ST depression decreased from 2.15 
to 0.40 mm (p «0.01), and from 2.25 to 0.40 mm (p 
«0.01) during short- and long-term therapy, respec- 
tively. Thus, for the first time, the development of 
hemodynamic attenuation after long-term adminis- 
tration of a long-acting nitrate preparation was shown 
to be avoided by intermittent dosing. 

At the 1984 American Heart Association Meeting, 3 
presentations dealt with the development of nitrate 
tolerance and its dependence on dosing strategy. 
Silber et al,!8 in a double-blind, placebo-controlled 
trial, compared intermittent therapy, consisting of 80 
mg of oral long-acting ISDN given once a day, with 
continuous therapy, consisting of 80 mg of oral long- 
acting ISDN given 2 times a day, to determine whether 
intermittent therapy would prevent the development 
of nitrate tolerance in patients with stable angina pec- 
toris. They measured exercise-induced ST-segment 
depression and also ejection fraction before and dur- 
ing exercise (using gated blood pool scintigraphy) on 
the first and fifteenth days of therapy. ST-segment 
depression was 0.21 + 0.6 mm after placebo adminis- 
tration, compared with 0.03 + 0.05 mm on the first day 
of intermittent therapy and 0.03 + 0.6 mm on the 
fifteenth day of intermittent therapy (Fig. 2). Like- 
wise, the exercise ejection fraction, which was 52 + 8% 
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FIGURE 2. Left, exercise-induced ST-segment depression (AST) and 
right, ejection fraction response (96) with intermittent compared with 
continuous oral long-acting isosorbide dinitrate (ISDN) therapy. Inter- 
mittent therapy consisted of 80 mg of long-acting ISDN administered 


. once daily, while continuous therapy consisted of 80 mg of long- 


acting ISDN administered every 12 hours. Data are presented after 


.. placebo and 1 and 15 days after institution of ISDN therapy. Adapted 
. from Silber et al. 2 
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after placeba was 67 + 9% on the first dis and 65+ . 
11% on the fifteenth day of intermittent therapy. In © 
contrast, with continuous therapy, ST-segment de- . 
pression was 0.24 + 0.7 mm after placebo, 0.07 + 0.07 — 
mm on the first day and 0.13 + 0.8 mm on the fifteenth _ 
day of continuous therapy. The ejection fraction was _ 
52 + 15% with placebo, 62 + 13% on the first day of © 
continuous therapy and decreased to 56 + 12% on the - 
fifteenth day of continuous therapy. Thus, after 15 . 
days of continuous oral therapy with long-acting — 
ISDN, both the ST-segment depression induced by 
exercise and the ejection fraction response to exercise - M 
were returning toward control values. Although 40 to. » 
65% of the initial improvement remained, neither vari- — 
able was significantly different from control after 2 ý 
weeks of continuous nitrate therapy. Y 
Parker and Fung?? also studied the role of alteros ; 
tive dosing strategies in the development of nitrate 
tolerance by comparing intermittent buccal NTG 
therapy with continuous ISDN therapy. This was a ; 
double-blind, placebo-controlled study. The buccal . e 
preparation was administered 3 times a day, in 3 mg . 
doses at 7 A.M. and 12 and 5 P.M., with no drug given i 
during the night. Since the last buccal tablet was re- - 
moved at 10 P.M., this therapy could be conside 
intermittent. In contrast, oral ISDN was given contin- - y 
uously with 30-mg doses administered at 7 A.M. and i 
12, 5 and 11 P.M. These investigators reported exercise — 
duration after placebo and then after the first and 
fifteenth days of either buccal or oral therapy. 1 
Intermittent therapy with the buccal prepatstiul 1 
resulted in significant increases in exercise time 1, 
and 5 hours after drug administration on both the ft 
and fifteenth days of therapy (Fig. 3). In contrast, | 
continuous therapy with oral ISDN resulted in signifi- — 
cant increases in treadmill walking times at 1, 3 and 5 
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hours after a dose only on the first day of therapy. On. A 


the fifteenth day, the increase in exercise time was 
significantly different from placebo only 1 hour after 23 
dose. Exercise times 3 and 5 hours after a dose were | 
not significantly different from those measured after | 
placebo. Thus, as with the 2 previously discussed stud- 
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FIGURE 3. Comparison of exercise time (EXT) with intermittent buc- 
cal nitroglycerin (TNG) and with oral continuous isosorbide dinitrate - 
(ISDN). TNG therapy was administered as 3 mg 3 times aday at 7 A.M. - zh 
and 12 and 5 P.M. ISDN was administered as 30 mg 4 times a day at Rs 

A.M. and 12, 5 and 11 P.M. Data are reported after placebo and 1,3 and . 
5 hours after dosing on day 1 and day 14 of therapy. Adapted from a 
Parker and Fung. '? y, 5 


am 


em 


AF Tink Atl ee ET Ty ery TITS, DULCEDO arr eT 
E : Yr S E "A TEA Ww RT EIST i y 1 F$ 


‘ies, these investigators also found that continuous 


- therapy with oral ISDN resulted in the development 


of “tolerance” (attenuation of hemodynamic effects) 


| within 15 days of initiating therapy. In contrast, when 
" buccal NTG was administered intermittently, no sig- 
. nificant tolerance was noted; the beneficial effects on 
. the fifteenth day matched those observed initially on 


i 


- the first day of therapy. 


Lastly, Reichek et al?? compared intermittent thera- 


_ py with buccal NTG (mean dose 2.8 mg) administered 
- every 4 to 5 hours while the patient was awake with 
. continuous delivery of NTG accomplished by means 


it 
$ 


of transdermal patches. The study was also double 


blind and placebo controlled. Six patients first re- 
ceived sublingual NTG to test their NTG responsive- 


ness (mean dose 0.38 mg). Before any nitrate therapy, 


sublingual NTG resulted in a 127-second increase in 
. exercise time; 24!/; hours after a transdermal dose, a 
-.' 99-second increase was noted, and after 24!/; hours of 


buccal NTG therapy, a 116-second increase in exercise 
time was noted. This study compared exercise times at 


-. 0,1, 4, 6, 10 and 24 hours for intermittent and continu- 


ous administration of NTG. Exercise time increased 


- from a control of 271 seconds to 340 to 407 seconds 
_ with intermittent buccal therapy across the entire 24- 


N 


hour period (Fig. 4). In contrast, with continuous 


$ i tranedermal therapy (mean dose 19.2 mg/24 hours) 


exercise time increased from a control of 262 seconds 


E . to 352 to 356 seconds 1 to 6 hours after patch applica- 


ion. However, 10 hours after patch application, exer- 
- eise time had decreased to 317 seconds, and after 24 
E hours to 262 seconds, which was identical to the con- 
- trol exercise time. The exercise durations at these lat- 
_ ter 2 time points were significantly shorter than the 
- exercise duration noted with intermittent buccal ther- 


apy. Again, as in the study by Parker and Fung,’ since 


1 


— buccal nitroglycerin was not administered during the 
night, a nitrate-free interval was created. 


x Mechanisms of Vasodilating Action of Nitroglycerin 


EXT (sec) 


The mechanisms of N'TG's vasodilating action are 


thought to be related to the production of cyclic gua- 
- nosine monophosphate (cGMP) in the smooth muscle 
- cells of arteries and veins?! or to prostaglandin I» syn- 
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FIGURE 4. Exercise time (EXT) with buccal and transdermal nitroglyc- 
erin (TNG) (mean dose 2.8 mg) every 4 to 5 hours while awake, with 
continuous therapy with transdermal TNG (mean dose 19.2 mg/24 
hours). Data are presented before (0) and 1, 2, 4, 10 and 24 hours 
after initiation of therapy. Adapted from Reichek et al.?? 
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thesis by vascular endothelial cells.2 Axelsson and 
Andersson?! examined the development of tolerance 
to NTG’s vasodilating action induced in vivo in rats. 
They administered 15 mg/kg of nitroglycerin by sub- 
cutaneous injection, 3 times a day for 3 consecutive 
days. Effects on segments of aorta were then tested in 
vitro, as measured by the cGMP generated. Activity of 
guanylate cyclase, the enzyme that regulates cGMP 
production, was also investigated. The relaxation re- 
sponse to NTG in norepinephrine-contracted aortic 
tissue, obtained from animals pretreated with 3 days 
of subcutaneous nitroglycerin, was reduced 75% com- 
pared with untreated control rats. The ability of NTG 
to increase cGMP production was reduced by 55%, and 
the activity of guanylate cyclase when stimulated by 
nitroprusside was also found to be reduced by 75% in 
aortic homegenates from nitroglycerin-pretreated ani- 
mals. cGMP phosphodiesterase, an enzyme that 
breaks down cGMP, was also shown to have increased 
activity in nitroglycerin-pretreated rats. These results 
strongly support the role of cGMP as the primary 
mediator in nitroglycerin-induced vascular smooth 
muscle relaxation, and furthermore suggest that nitro- 
glycerin tolerance (attenuation) could be explained by 
reduced rates of formation and increased rates of 
breakdown of cGMP. 

Trimarco et al?? studied the role of prostaglandins 
in the vasodilating action of NTG on the coronary 
vascular bed of dogs. They demonstrated that inhibi- 
tion of prostaglandin synthesis by indomethacin or 
naproxen reduced the coronary hemodynamic re- 
sponse to NTG infusion. They concluded that NTG 
exerted both a direct effect, which was responsible for 
the rapid initial decrease in coronary vascular resis- 
tance that they observed and that was most likely 
mediated by activation of guanylate cyclase, as well as 
an indirect effect, which accounted for persistence of 
the reduction in vascular resistence and which was 
mediated through the release of prostaglandins from 
the endothelial wall. 

Finally, Horowitz et al?? described a mechanism by 
which nitrate receptors could be manipulated to 
increase vascular responsiveness to NTG administra- 
tion. They studied the potentiation of the cardiovas- 
cular effects of NTG by the sulfhydryl donor N- 
acetyl-cysteine in patients in the catheterization lab- 
oratory. They suggested that activation of guanylate 
cyclase by a series of enzymatic reactions was modu- 
lated by the availability of reduced sulfhydryl groups. 
Cysteine had previously been demonstrated in vitro to 
be effective in potentiating guanylate cyclase activa- 
tion by NTG. In order to determine whether the he- 
modynamic responsiveness of NTG might be modu- 
lated by sulfhydryl availability, dose-response curves 
for intravenous NTG, in terms of lowering of mean 
arterial pressure and pulmonary capillary wedge pres- 
sure, were obtained in 10 patients during diagnostic 
cardiac catheterizations. Intravenous infusion of NTG 
was then repeated 10 minutes after intravenous ad- 
ministration of 100 mg/kg of N-acetylcysteine. While 
N-acetylcysteine itself induced no significant hemo- 
dynamic effect, after N-acetylcysteine pretreatment, a 
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significant reduction (64%) in the NTG infusion rate 
was required to induce a 10% decrease in mean arterial 
pressure, and likewise, the infusion rate required to 
induce a 30% reduction in pulmonary capillary wedge 
pressure was also lowered by 52%. In control patients 
not receiving N-acetylcysteine, there was no signifi- 
cant difference in NTG responsiveness between 2 in- 
fusions of NTG separated by the same time interval. 
These investigators concluded that N-acetylcysteine 
potentiated the vasodilator effects of NTG in man and 
suggested, therefore, that sulfhydryl availability or 
the redux state of “NTG receptors" may be determi- 
nants of in vivo responsiveness to NTG. These data 
might also suggest a possible mechanism for enhanc- 
ing NTG’s effectiveness as a vasodilator and there- 
by possibly overcoming the development of NTG 
tolerance. 

Whether the results from the studies of Axelsson 
and Andersson and Horowitz et al can be related to the 
mechanism(s) by which a nitrate-free interval avoids 
the development of tolerance or hemodynamic attenu- 
ation remains uncertain. We might conclude that al- 
though not structurally identified, functional nitrate 
receptors bind NTG, activate guanylate cyclase and 
thereby stimulate the generation of cGMP, which me- 
diates vascular smooth muscle relaxation. In the 
presence of continuous nitrate therapy, these nitrate 
receptors might become oxidized, and thereby have low- 
er affinity for NTG binding. These sulfhydryl groups 
could be restored to their reduced form and thereby 
NTG responsiveness also restored, either by removal 
of NTG from the receptor or by exogenous administra- 
tion of a sulfhydryl donor, such as cysteine. A nitrate- 
free interval, by allowing blood levels of NTG to fall to 
near zero, might result in spontaneous release of NTG 
or its less active dinitrate and mononitrate metabo- 
lites from the receptors. Likewise, spontaneous reduc- 
tion of oxidized receptors might also act to restore 
NTG’s vasodilating efficacy. It is uncertain at this 


time what minimal duration (e.g., 1 to 12 hours) of a 


nitrate-free interval would be required to restore full 
receptor activity. 

In summary, the data reviewed would suggest that 
clinically significant hemodynamic attenuation occurs 
with all forms of long-term nitrate therapy when the 
therapy is administered continuously. Whether hemo- 
dynamic attenuation can be overcome, and thereby 
the beneficial effects of nitrates in the long-term treat- 
ment of angina pectoris maintained, by higher doses 
administered continuously remains uncertain and 
awaits the results of the currently ongoing multicenter 
trial of transdermal NTG. It seems equally likely that 
a nitrate-free interval, obtained, for example, by inter- 
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rupting NTG administration during the night, might 


provide a means of avoiding the development of ni- 


trate tolerance. For transdermal NTG therapy, this 
would mean taking the patch off at bedtime and ap- 


4 


plying a new patch in the morning. For oral, buccal © 
and ointment preparations, this could mean omitting 3 
the last dose administered at the end of the day. 


Whether it will be necessary to administer another 
vasodilator, such as a calcium-channel blocker, during — 
this nitrate-free period to provide prophylaxis against - 


episodes of silent or clinically apparent ischemia dur- 
ing the nitrate-free interval remains to be elucidated. 
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Discussion 


Dr. Stephen Scheidt (New York, New York): This morn- 
ing we heard presentations dealing with all aspects of angina 
and ischemia—from pathophysiology to treatments to study 
modalities. I would like to start this discussion by raising 
some issues about the basic factors involved in assessing 
patients with angina and developing protocols for antian- 
ginal medications. First, we have a major problem with pa- 
tient selection. What kinds of patients have angina? What 
kinds of patients have angina in the real world? What kinds 
of patients have angina in tertiary care institutions? What 
kinds of patients have angina in studies? I don’t think any- 
one doubts that most of the published results are true—that 
a certain investigator studies a certain group of patients and 
gets a certain result. Yet we all know from long experience 
that the selection of the study group has an enormous bear- 
ing on the results obtained. The ability to generalize, or lack 
thereof, from one group of patients to another is of enormous 
importance. Everybody participating in this discussion has 
been involved in drug trials. The patients who join drug 
trials are, I think, different from the general population, 
sometimes subtly, sometimes obviously, and I'd like to dis- 
cuss, first of all, the general issue of differences between 
patient populations. Then, I'd like to discuss how the kinds 
of patients who have been studied so far may have a bearing 
upon the kinds of results that have been reported, particu- 
larly in the area of transdermal nitroglycerin. 


The second issue, an enormous Pandora's box that has 
been opened by some during this symposium, is the type of 


= angina present in the patient group selected for study. If we 


are to fully believe what Drs. Selwyn and Shell have told us, 


indeed there is really much more angina, or rather much 


more ischemia, in patients with coronary artery disease than 
we have been aware of until now. It seems, if you believe Dr. 
Ganz, that a very large proportion of people, at least those 
who are studied at the Brigham and Cedars-Sinai hospitals, 
have unstable angina, unstable ischemia. This question then 
arises: Are those patients properly represented in the studies 
that have been done to date with nitroglycerin or other 
antianginal preparations? 


Furthermore, there were a number of issues that arose in 


. Dr. Weber's presentation in terms of the diagnosis of coro- 


nary disease. Are there many false-positives in the patients 
who have been selected? Is it necessary to do a cardiac 


- catheterization in everyone? Is it necessary to look for spasm 


in everyone? Do we need to look for platelet aggregates or 
activated forms of platelets in everyone? Do we need, in 
some way, to look at Folts’! types of cyclical changes in 
coronary flow in everyone to be sure we're studying the right 
group of patients? Do we need to do echocardiograms in 
everyone to rule out mitral valve prolapse— because other- 


wise we may be getting false-positive ST-segment deviations 


when, you do Shell- or Selwyn-type Holters*? There are 
many questions as to how a proper group of patients with a 


* For the purposes of this discussion, the term Holter is used to 
connote 24-hour ambulatory electrocardiographic monitoring. The 2 
terms may appear interchangeably. 
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proper and representative type of angina syndrome is select- 
ed for study. 


We will want to talk about patient selection and angina 
selection, and then we will need to discuss test selection. Just 
what is the proper way to evaluate the efficacy of any antian- 
ginal preparation, particularly nitroglycerin? The Food and 
Drug Administration believes that one needs objective mea- 
surements, and of course one does. In this regard, exercise 
stress testing to submaximal levels has been chosen in the 
large, multicenter nitroglycerin patch trial that is currently 
underway. On the other hand, there are many questions as to 
whether that is the proper methodology for evaluating an- 
tianginal efficacy. Holter monitoring, because it’s available 
and because many people are working with it, is another 
possibility, but is this the right method to use? What sort 
of work needs to be done in the future? Are there other 
aspects of study design that need to be taken into account? 
So, to begin, let me pose the first question to Dr. Weber. 
How about the question of stress testing for evaluation of 


angina? 


Exercise Tolerance Testing for Evaluation 
of Antianginal Agents 


Dr. Jan R. Weber (Philadelphia, Pennsylvania): Most of — 
the studies, as you mentioned, have utilized stress testing in 
some way, particularly with regard to the transdermal nitro- 
glycerin preparation. Stress testing on multiple occasions 
with each patient serving as his or her own control has been 
used as the standard method. This invariably requires that 
there be a period of time during which the patient is exer- 
cised repeatedly on either no medication or on a stable regi- 
men of medications to determine a baseline level. There is 
also the matter of the so-called training effect. The training 
effect may have 2 components: actual physical training, 
in the sense that exercise performance is improved, and a 
learning factor—patients tend to learn how to walk on the 
treadmill over time, they become more efficient and are 
therefore capable of improving their exercise time, even though 
there are no significant changes in physiologic parameters 
that can be measured. So first you must establish an adequate 
baseline; then it’s simply a matter of adding medication 
or adding placebo to determine whether the response 
changes. 


Dr. Scheidt: Regarding training effect, could part of that 





less coronary vasospasm? Is that conceivable, Drs. Selwyn 
and Shell? 


Dr. Andrew Selwyn (Boston, Massachusetts): No one 
knows the answer to that. It is known that in a high propor- 
tion of patients with angina, you can standardize exercise 
tests if you take an enormous amount of trouble, as shown in 
John Parker’s work. It is a reproducible test, but whether 
vou use it exclusively for diagnosis or whether you extend its 
application for assessing treatment as well is, I think, the - 
central point of your argument. I don’t think there is any 
doubt that it can be standardized. 


A uh 1: 
rh A e JEt 3 T ! f I , 1 
Zu d Yards men vt ME ty J. uasa akut (^ 


7 


we 


Dr. Scheidt: How many stress tests do you need for stan- 
dardization? Dr. Parker, you’re the expert on that. 


Dr. John Parker (Kingston, Ontario, Canada): The ma- 
jority of the patients that we study have had 6 or 8 tests. I 
think that numerous tests are necessary for standardization. 
It can’t be done with 2 or 3 tests. Many of us who are involved 

in this type of research have a stable of patients, many of 


. whom have been used in multiple studies and thus have 


standardized stress tests. With a new patient, I would very 
seldom enroll him in a study in which we are looking at the 
endpoint of an exercise test unless we could demonstrate 
that he has reproducible findings within fairly narrow ranges 
on 4 or 5 different exercise tests. 


Dr. Scheidt: Let me immediately point out that it is rare, 
at least in the transdermal nitroglycerin studies, to see a 
randomized, double-blind exercise tolerance study that has 
been standardized with 4 or 5 tests. In most cases, the proto- 
cols call for 2 tests with exercise endpoint reproducibility 
within 10 to 20%. I don’t know of any study protocols that 
have more than 3 tests. So this criterion would not be met in 
most of the published trials. 


Dr. William E. Shell (Los Angeles, California): True, 
except with those investigators that have a history of doing 
long-term anginal studies, because by definition their 
patients have been already trained and standardized. This 
fact may explain the differences in results between exercise 
studies. 


Dr. Scheidt: Absolutely. 


Dr. Shell: If you take a group of patients that have been 
well trained, they are by definition very stable anginal pa- 
tients. They can go through a washout phase without jeopar- 
dizing their health or precipitating myocardial infarction. 
'These patients are probably a pure cohort of demand-in- 
duced angina. It is important to keep that in mind. 


Dr. Scheidt: From the tone of your voice, I infer that you 
think that's probably not the best group of patients to use. 


Dr. Shell: Actually, it depends on the agent you're study- 
ing. If you're looking at an agent whose major effect is on 
demand, for example, 8 blockers that reduce heart rate at 
any workload, then it may be the ideal study approach. But 
if you're looking at an agent whose major effect is on the 
dynamic nature of coronary tone, it may not be the right test. 
So I think it depends on the agent and on the circumstances. 
I think exercise testing is a very valuable way of assessing 
demand-induced angina. The question is whether that’s the 
way to study all antianginal agents and all antiischemic 
agents. 


Dr. Weber: I agree. I think we still have to look at the 
issue of whether exercise testing is really the appropriate 
way of assessing the efficacy of these medications. This ques- 
tion hasn’t been totally resolved, at least not in my mind. 
Perhaps much of the data we hope to see from Drs. Shell and 
Selwyn with regard to Holter monitoring will be useful to us 
in clarifying the situation. I don’t know yet which is the 
correct method, but I still have some doubts as to whether 
exercise testing per se is really the appropriate way of assess- 
ing these medications. 


Dr. William H. Frishman (Bronx, New York): I would 
like to pose the question somewhat differently. Should a 
drug that has proven antianginal efficacy, that is, has been 
shown to reduce the frequency and severity of angina 
attacks, but which for some reason cannot be shown to im- 


~ prove exercise tolerance, still be available to physicians in 
|». practice? 


Dr. Weber: I definitely think so, because under those 
circumstances you are ny evaluating 2 different things. 
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One is the ability to produce angina. We know that any 
person put on a treadmill has a limit. Whether you have 
coronary occlusive disease or not, everybody tires for one 
reason or another after a period of time. That's the way that - 
treadmill testing was designed. So if a patient has underlying - 
coronary occlusive disease, it comes as no surprise that re- - 
gardless of medications, patients will invariably be pushed — 
to the point where angina occurs. But that's really not what — 
happens in their daily living situation. When people are | 
going about their life's work, it’s most uncommon for people 
to try to push themselves to the maximum. So when the f 
angina threshold in these individuals is not exceeded and | 
angina is reduced clinically during their activities of daily - 
living, I think that that is a reasonable endpoint and reason- - 
able goal of antianginal therapy. I don't think that anybody - 
expects all of our patients to be totally free of angina for the - 
rest of their lives once we get them on the ideal medication ` d 
regimen. 


1 
A 
i 


“‘, .. | still have some doubts 

as to whether exercise testing per se 
is really the appropriate way 

of assessing antianginal 

medications. ”’ 


—JAN R. WEBER | 





Dr. Frishman: Because the FDA still mandates that an“ 
antianginal compound be shown to improve exercise toler- 
ance before approval, and I just want to reiterate how diffi- - 
cult it is sometimes to show improvements in exercise toler- 
ance owing to all the variables. One day a patient may go be 
minutes further, and on another day on the same dose go $ 
minute further, while at both times the antianginal effects of 
the drug are consistent. 


Dr. Weber: Yes, and it happens not only in cardiac ka; 
tients, but those of us who are runners know that one day 
when you go out for a jog through the park, you will feel 
exquisitely good and have very good times, and the next day 
you'll run very slowly and feel like a slug, even though there's 
really nothing that you can put your finger on that's been 
particularly altered. This clearly happens with patients in. 
the exercise types of protocols that have been designed. — 


Dr. Shell: I think we have to begin designing trials that 
are more analogous to the way practicing physicians ate 
using the antianginal agents. It’s really not a question of 
whether nitrates extend exercise tolerance in somebody with 
mild angina when used as monotherapy. The question is: 
How does one change the incidence, duration and magnitude — 
of ischemic events in patients with various kinds of disease? _ 









Characterization of Ischemic Disease 4 


Dr. Scheidt: Would anybody care to estimate the inci- | 
dence of supply- versus demand-induced angina? -After all, — 
what we really want is results that can be generalized to the © 
real world and to the general population with angina. That - 
may not be possible. It may be necessary to subdivide pa- - 
tients in the real world, but until now, there’s been relatively í 
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little of that. A patient with angina is any patient with 
| angina, unless he clearly has unstable or Prinzmetal's angi- 
na. Most patients are handled as some unknown mixture. 
. Most of them do have atherosclerotic disease, so there is an 
. element of a demand problem. We would probably all agree 
_ that there may be some element of coronary vasospasm as 
. well. But would you care to give an opinion as to whether 
_ there is a great deal more in the way of supply problems in 
_ the general angina population than we have heretofore been 
_ considering and that our current studies are designed to look 
- for? 

.. Dr. Selwyn: I don't think we have any idea at the present 
time. To categorize patients with angina into purely 1 group 
or another seems to have no basis in fact or in usefulness. If 
| you take all of the patients with consistently reproducible 
_ positive exercise tests that we have studied, over 90% of 
those that you might like to call purely demand-induced 
angina are having asymptomatic ischemic events and symp- 
tomatic out-of-hospital ischemia without any apparent in- 
crease in demand at all. So, as far as we are concerned, the 
general characteristic of the disease is that of ischemia under 
mixed circumstances, and it is exceptionally rare to find the 
. Prinzmetal's angina patient with normal coronaries at one 
end of the range or the purely exercise-induced angina pa- 
tient at the other end. 


When we started looking into the area of silent ischemia, 
. we found that the majority, rather than the minority, of 
_ people that we monitor have asymptomatic ischemic charac- 
teristics on Holter tapes out of hospital. If you look at the 
ischemic events, Holters are probably much more objective 
than the patient's reported symptoms. But the fact is that 
they still can't tell you what events are taking place in the 
- proximal epicardial coronary arteries. Holters cannot mea- 
sure what catecholamines have done to the myocardium 
apart from the effect on heart rate. They don't include infor- 
mation about tension development at the same heart rate, 
which might alter as well. In other words, the factors that 
contribute to increased demand are many and the increases 
necessary to cause ischemia can be very subtle, perhaps an 
- increase of 5 or 7 beats/min, so demand may fluctuate with- 
-out detection. The question of coronary tone is even more 
difficult to identify. The point is that at the present there are 
2 objective ways—exercise testing and Holter monitor- 
ing—of looking at the activity of the disease and these are 
. mutually inclusive. 
_ Dr. Scheidt: Now I’m a little puzzled. Five or 6 years ago, 
when Maseri's group burst on the scene with the various 
- descriptions of spasm, a number of studies were done evalu- 
 ating gross vasospasm. The one that comes to mind is the 
| ergonovine study by Bertrand? in Toronto. In this study, I 
believe that patients who clinically only had exercise-in- 
. duced angina had about a 5% incidence of positive ergono- 
vine tests, and patients with almost exclusively angina at 
_ rest had about a 40% incidence of gross vasospasm at cathe- 
_ terization. Patients with rest and exercise angina had about 
a 15% incidence of vasospasm. This is much less than a 
majority. Yet you and Dr. Shell, and the several other inves- 
_tigators that you both cited, show much more than the ma- 
jority of patients with some sort of asymptomatic, nonde- 
_mand-related ischemia. How do you put that together? 


. Dr. Selwyn: You have just made 2 assumptions. First, 
. that nondemand-induced angina is the result of coronary 
| vasospasm, and second, that a positive response to ergono- 
| vine has something to do with the real activity of the disease 
that affects people out of hospital. 

Dr. Scheidt: All right. If it is not because of vasospasm, is 
.it because of platelet aggregates, or is it because erogonovine 
has a great many false-negatives? 
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Dr. Selwyn: No, I think we have to say at the present time 
that we don't know. It is food for research. Currently, the 
detailed sequence of mechanisms that affect each patient at 
any 1 time in their disease cannot be dissected out. Of 
course, we do have some general ideas regarding the patho- 
physiology of the disease. For example, we know that the 
majority of patients who present with angina, positive exer- 
cise tests and angiographic stenoses have those stenoses 
underestimated at coronary arteriography. The reduction in 
cross-sectional area is probably greater than we think. The 
second thing we know is that the majority of these people 
will have a great enough reduction in cross-sectional area to 
produce a pressure gradient, so that the poststenotic pres- 
sure is decreased, very often to the level that the subendo- 
cardium becomes pressure driven and is therefore jeopar- 
dized. And the third thing we know is that superimposed on 
that particular narrowing the vessel is capable of constrict- 
ing and relaxing. So there you have the set-up with 2 or 3 
reasons why supply might be badly upset during an ischemic 
episode. Moreover, there's a lot of basic research that is 
perhaps more convincing than the clinical work. This re- 
search suggests that when atherosclerotic lesions have very 
active cellular content and various growth factors and hor- 
mones are secreted locally, these vessels can have an abnor- 
mal increase in tone. My colleague, Peter Ganz, has done 
wonderful work in our catheterization lab showing that the 
endothelial-dependent relaxation of these vessels in humans 
is destroyed. So there is evidence of endothelial instability. 
All of these mechanisms are possible contributory factors 
and may be present in variable proportion, but you can't 
dissect them out in an individual using current types of 
monitoring. 


Symptomatic Versus Asymptomatic Disease 


Dr. Parker: I would like to ask either Dr. Shell or Dr. 
Selwyn if there is any relation between silent ischemia and 
the severity of angina? Do patients develop it in 1 minute on 
the treadmill? Ten minutes? 


Dr. Selwyn: The relation to the treadmill is interesting. 
In the 2,000 episodes we looked at in London and the 1,000 in 
Boston, there is no difference in the characteristics between 
the painful and the painless episodes. They're just as severe, 
just as prolonged, and they have the same heart rate distri- 
bution a minute before. We couldn't find any convincing 
difference. T'here were minor differences, with very big over- 
lap. We concluded that there doesn't appear to be any great 
difference in the characteristics between symptomatic and 
asymptomatic ischemia. Now in the exercise test. there is a 
difference. Steven Campbell, who is a cardiologist now work- 
ing with us, has looked at our last 40 patients. He has found a 
very strong relation between the levels of positive response 
on the exercise test and the amount of ischemia occurring 
out of hospital. It appears to be, with overlap again, that 
patients with positive exercise tests at low workloads have 
more ischemia out of hospital. 


Dr. Parker: In selecting patients for angina studies, we 
tend to have patients who will get pain within stage II or 
early stage III of the Bruce protocol, because once you get 
into 9 or 10 minutes of exercise, it's hard to show a drug 
effect. People just tire out. Patients who develop pain at 
stage II or III have fairly severe disease. Would the subset 
that we are selecting for our drug protocol tend to have a 
higher incidence of silent ischemia? 


Dr. Selwyn: Yes, that's right. At stage I and II, and early 
stage III, they will be having anything from 4 to 15 episodes 
of asymptomatic ischemia a day out of hospital. At the high- 
er stages, once they can exercise for 12 minutes, they have 
much fewer episodes out of hospital. 
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Dr. Scheidt: This is a very important point, because with 
the National Institutes of Health exercise protocol reported 
on 10 years ago by Redwood et al? it was suggested that the 
way to select patients for angina trials is to take people who 
get angina between 3 and 6 minutes—this illustrates what 
Dr. Parker just said. 


Dr. Parker: Well, that's a little different, because they 
were modifying the workload so that the angina would come 
in 6 minutes. You could have anyone from class I to class 
IV 


Dr. Selwyn: We were using, of course, the standard Bruce 
protocol. But we were asking the question of why the low 
positive exercise test carries such a bad prognosis. And the 
answer appears to be, at least in Steven Campbell's work, 
that they are having much more ischemia out of hospital. 


Dr. John T. Flaherty (Baltimore, Maryland): Dr. Shell, 
did I understand you to say that in your open-label trial you 
found a dissociation in the response of the silent ischemic 
episodes and the symptomatic exercise-induced episodes to 
transdermal nitroglycerin therapy; that the transdermal 
therapy worked very well for suppressing silent ischemia but 
not so well for suppressing symptomatic exercise-induced 
ischemia? 


Dr. Shell: We haven't studied that systematically. I can 
only tell you that in patients who have exercise-induced 
ischemic events, it doesn't appear that we are able to abolish' 
these events completely. People will go on having exercise- 
induced ischemia, and they'll take nitroglycerin for it. A 
study in which silent ischemic episodes are abolished and 
exercise testing is subsequently performed has not been 
done, and it badly needs to be. In addition, there are several 
other points to be made. Going back to Dr. Scheidt's ques- 
tion regarding the conditions in which nitrates are likely to: 
work, I think that 3, 4 or 5 years from now we're going to find 
that nitrates in all dosage forms that provide sufficient blood 
levels, both transdermal and oral, are going to be useful for 
the treatment of these spontaneous events, whether vaso- 
spastic or demand in origin. Currently, we're just beginning 
to define the technology that's going to allow us to do that. 
My guess is that dosages will be pushed to 20, 40 and 60 mg of 
transdermal nitrates for exercise-induced ischemia, and 
there will be some effect. There’ll be a 10 or 20% increase. It 
may disappear in 24 hours, but the incidence of these silent 
episodes will go down dramatically. That's my prediction. 
Now, is this significant? To be able to answer that, it's quite 
clear there are 2 pieces of information missing. First, are 
these silent events prognostically significant? Is there an 
increased incidence of these events just before a myocardial 
infarction? Is there a relation between the total number of 
ischemic events and subsequent myocardial infarction and 
sudden death? I think Dr. Selwyn has some preliminary data 
suggesting there is. Second, if you abolish silent ischemic 
events through treatment, do you change the relation? This 
is not known at the current time. But if you're planning trials 
that will be completed 6 months from now, a year from now 
or 3 years from now, you'd better have that information. 
Otherwise you're goingsto get into this dissociation problem. 


Dr. Scheidt: It was mentioned here that 3 out of 80 or so 
patients with silent ischemic episodes have died in Jansen's* 
trial. That's a rather high number given the findings in the 
CASS trial? for example. It's hard for me to square what 
you're saying—first, that there's an enormous amount of 

asymptomatic ischemia in the population; in fact, almost 
everybody with chronic stable angina has it, and second, that 
these episodes are important before a myocardial infarction. 
After all, the clinical experience of most physicians with a 
standard, unselected, nontertiary-care group of angina pa- 
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tients is that they don’t die at a very great rate. So there © 
seems to be a discrepancy. 


Dr. Frishman: Well, they’re treated. 
Dr. Scheidt: That could well be. 


Dr. Selwyn: Also, in the categorization of patients, the 
CASS study that you just quoted didn't even require exer- . 
cise testing. Many of the patients had little or no symptoms. — 
You have no idea if they are the patients that we’ve been 
talking about around this table. You have no idea if they . 
have any active ischemia whatsoever. I don’t think you can - 
group patients and categorize them until you've looked at : 
them individually with respect to symptoms, active ischemia _ 
and coronary anatomy. 'l'hose factors will tell you whether 
they are the type of patients that we are talking about. Dr. © 
Parker studies people who reproducibly get ischemia on - 
exercise. He knows physiologically who they are from his - 
standpoint. In the CASS study, I think many of them were 
never exercised. 


Definition of Anginal Populations 


* 1S 
Dr. Shell: There is a critical point, though, which is the — 
description of study groups in published reports. It's going - 
to be important that the editors make the authors define 
their anginal populations. They've got to define the time to a 
positive exercise test response, both as a mean and standard 
deviation, and the number of ischemic events at baseline on 
Holter monitoring. John Parker's group, for example, may - 
have no silent ischemic episodes. He may have selected a — 
cohort of patients who have no silent ischemic episodes, but 
we don't know that. So I would stress the importance, at . 
least to journal editors, of making the authors define their | 
patient groups. How many previous exercise tests have they 
had, what are the training phenomena, how many silent 
episodes do they have? Otherwise, we're never going to sort 
out any of these issues. We seem to be comparing apples and 
oranges and grapefruit trees, and we don't know where we 
are. | E 


Dr. Scheidt: Someone alluded to it earlier, but I want to 
raise it again. How about a patient’s ability to be withdrawn é 
from other antianginal medications? Wouldn't that also de- 
fine a somewhat different group? | 


Dr. Selwyn: In the selection of our patients, it’s a crucial- é 
first issue. If you perform Holter monitoring on usual doses e 
of their antianginal medications, you see very few ischemic E 
events in a large number of the patients. Once you take them - 
off and they use nitroglycerin alone, sublingually, then the 3 
patients’ responses more closely approximate their natural — 
state. That is very common practice in clinical trials, but  : 
many practitioners are not comfortable doing that. pe 


Dr. Shell: Not only that, but the usual washout phases are — 
2 weeks. This is too long. We're doing a trial with a 8 blocker — 
right now, and it has a 2-week washout period. It has to be | 
modified, because these patients probably can't go more 
than 48 hours without their usual antianginal medications. 
If they do, their frequency of both symptomatic and asymp- 
tomatic events begins to increase. They are thus at risk of | 
developing a myocardial infarction during the washout i 
phase. 


Dr. Selwyn: We've probably studied more than 300 peo- — 
ple over a 6- or 7-year period, and we have never had any a 
adverse events or any troublesome side effects from taking ta 
them off drugs. We have explained to patients that they’re M 
going to get some recurrence of angina, and when they do, — 
they should use nitroglycerin. We take other precautions as 
well, but we have never run into trouble doing that. | 


Dr. Shell: What's the duration of the washout? — — Dy t 
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Dr. Selwyn: Forty-eight hours. We would never go for a 
2-week washout period. 


Dr. Scheidt: Dr. Frishman, you have had a lot of experi- 
ence with this. What do you think? 


Dr. Frishman: Yes, we’ve actually done drug studies re- 
quiring drug withdrawal or washout in hundreds of patients 


through the years. We’ve had washouts as long as 4 weeks in’ 


certain studies. I must say that if you know your patients 
well and they are informed that they should modify their 
daily activity and take nitroglycerin whenever they develop 
chest pain, you can safely use long washout periods. 


Dr. Selwyn: All of our complications, including deaths, 
have occurred months after the Holter monitoring when 
these patients were back on their usual medical therapy, 
often with controlled angina pectoris. 


Dr. Shell: Once again, though, the point that Dr. Frish- 
man has to understand is that if you have a group of patients 
that can go 4 weeks on a washout period, you have defined a 
certain class of patients. It would be very important for you 
to Holter monitor those patients at the end of the 4-week 
washout period to determine their incidence of silent isch- 
emia. I would hypothesize that they probably have a very low 
incidence of spontaneous events. 


Dr. Scheidt: So Willie Ganz's tongue-in-cheek com- 
ment—that almost everyone has unstable angina— applies 
to virtually everyone with a strongly positive stress test who 
has a lot of asymptomatic episodes on a Holter, is on multi- 
ple drug therapy and is referred to a tertiary care institution. 
Is that a fair assessment? 


Dr. Selwyn: Moderately positive and strongly positive. 


Dr. Shell: I don't use the term unstable angina, because it 
has certain medical-legal and treatment implications. These 
patients certainly have unstable ischemia, and I think that 
term is a fairer characterization. To me, unstable angina 
means progressive incidence of chest pain with electrocar- 
diographic changes, and I think we ought to restrict the term 
to that. 

I'll tell you 2 interesting anecdotes that will point out 
another problem, which is that this active phase of ischemia 
may have a time course to it, a factor that is going to further 
complicate matters. A lawyer I’m following for recurrent 
paroxysmal atrial tachycardia comes in and says he's no 
longer able to jog as far as he used to. I put him on a Holter, 
and he had 8 or 10 silent events with no chest pain at all—1-, 
2- and 3-mm events. I put him on a treadmill and he devel- 
oped 3 mm of ST-segment depression without pain. I had 
him catheterized and found he had a 60% proximal left 
anterior descending lesion with what appeared to be a lumi- 
nal clot. You could see a blush, but it was not occlusive. He 
was then placed on transdermal nitrates, 8 blockade and 
aspirin. He was followed with Holters for 3 months, and the 
incidence of his ST-segment events decreased with time. Did 
he have a healing atherosclerotic lesion? 

The second patient was a malpractice lawyer, who in Jan- 
uary did 12 minutes on a treadmill with no problems. In 
February, he noticed a decrease in exercise tolerance and in 
April he began having episodes of chest pain. At that time, 
he was found to have alternating ST-segment changes on his 
resting electrocardiogram, and was admitted to Cedars-Si- 
nai with' a diagnosis of unstable angina. He was placed on 
intravenous nitroglycerin and rapidly cooled down. He was 
taken to the catheterization lab and found to have a 20% 
proximal left anterior descending lesion. There was some 
suggestion of a blush if you looked very closely at the films, 
so it was assumed that he had ruptured an atherosclerotic 
plaque. He was placed just on 8 blockade and sent home. 
That was on Friday. I saw him in the emergency room on 
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Friday night and again on Saturday night. I put him on the 

treadmill on Monday. He developed 4 or 5 mm of ST-seg- 

ment elevation on the treadmill. I put him on transdermal 
nitro patches in addition to 8 blockers, and his episodes went 
away. A week later he did 12 minutes on the treadmill. Then 
we put him on a Holter, had him stop his transdermal ni- 
trates and within 2 hours his episodes were coming back.. 
What’s his disease, and is there a time course? He is current- 

ly on transdermal nitrates and 8 blockers. We'll follow him 

out to 6 months and then stop his medications, but it’s likely 

that these unstable lesions have a time course. They’re not 

the same week to week. 


Dr. Scheidt: That, of course, has been known to be true 
with Prinzmetal’s angina for some time. There are periods of 
activity followed by periods of inactivity. 


Dr. Selwyn: Angina typically exhibits exacerbations and 
remissions over days, weeks and months. 


Dr. Parker: That presents a problem in some of these 
clinical trials that are too long. 


Dr. Selwyn: Yes. They remit spontaneously. 


Dr. Flaherty: How do you control for the use of coronary 
angioplasty or bypass surgery in these populations? There 
seems to be an underlying assumption that these popula- 
tions are going to stay untouched by invasive hands through- 


‘<. . it’s a false aim to try to do any 
study hoping to find results that can be 
applied to all patients with a variable 
disease. | think that as long as 
investigators are very specific about who 


they’ve selected, time and multiple 
studies will tell whether the information 
becomes useful in the general | anginal] 
populations. '' 


—ANDREW P. SELWYN 


out this time. At our institution, patients with unstable 
angina are catheterized, and if the lesions look fixable, 
they're fixed. Are you studying only nonangioplastiable or 
nonoperable patients? Are you studying only patients who 
have too little or too much disease to qualify for surgical 
intervention? 


Dr. Selwyn: We have exactly the same routines as you do. 
Most of our patients who have angina or angina equivalents 
and positive exercise tests have Holter monitoring before 
they ever come to the catheterization rooms. Then at cathe- 
terization, there is usually a diagnostic test, followed by an 
angioplasty 2 or 3 weeks later. That 3-week gap allows us to 
make other observations, clinical trials, etc. 


Dr. Flaherty: Most of our hospital angioplasties are being 
done at the same sitting, or the next day at the latest. 


Dr. Scheidt: That's all very fine for studies of Holter 
incidence of ST-segment deviation, but it is not fine for 
assembling a group of patients for a medium-term drug trial. 
One has to question whether the patients who are still avail- 
able for drug trials are different from those of the general 
population. 
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Dr. Shell: Pm doing it differently. My position is that as 
long as I can control people on medical therapy, and they do 
not have uncontrolled angina, I can therefore follow them. 
Im referring for surgery only those that I cannot contro] 


medically. So I’ve developed a cohort of people, up to 35 now, 
who have not been catheterized, but at least Im following 
them long term with Holters. 


Dr. Scheidt: But people who are controllable probably 
fall less into the category of unstable ischemia than the 
patients we’ve been talking about. There are obviously gra- 
dations here. 


Dr. Selwyn: I don’t think your aim should be to select a 
population and then generalize to the entire population of 
patients with ischemic disease. I think that as long as inves- 
tigators are very specific about who they’ve selected, time 
and multiple studies will tell whether the information be- 
comes useful in the general population. I think it’s a false 
aim to try to do any study hoping to find results that can be 
applied to all patients with a variable disease. The popula- 
tions that we and others have chosen are not unreasonable 
—people with chronic stable angina of different levels of 
severity and with different reproducibility on exercise tests 
—but we have carefully defined our populations. Many more 
studies need to be done and then perhaps we will be able to 
arrive at more and more general conclusions. 


Dr. Scheidt: Dr. Roberts had a comment. 


The Ideal Protocol 
Dr. William C. Roberts! (Bethesda, Maryland): Yes. Dr. 


Shell mentioned journal editors in one of his remarks, and 
you've discussed protocol, patient and physician. I just won- 
dered if Dr. Shell were to develop what he believed to be an 


ideal protocol to study anginal patients, and then he passed 
that protocol around to the rest of you gentlemen, how many 
would come to a general agreement that the protocol devel- 
oped by Bill Shell was really rational and reasonable, that 
the number and type of patients were fair and that the 
physicians chosen were reasonably qualified to do that 
study? I realize this is a little separate from the purpose of 
this symposium, but it's obvious to me that there is no 
agreement in terms of what is ideal. Surgeons, for example, 
in talking about prosthetic valves, have set up very nicely 
what is an ideal prosthetic valve, and there's no disagree- 
ment on that. But what is an ideal protocol, agreed upon by a 
number of thoughtful investigators, that editors can accept 
and the medical community can believe? 


Dr. Shell: I think the problem is not ideal protocols, 
because I agree with you, I don't think ideal protocols can be 
designed. I think the key issue is that there should be suffi- 
cient detail in the description of the study design so that 
people reading it can come back and reconstruct the study 
conditions. For example, in the Reichek study that was pub- 
lished in The American Journal of Cardiology,® one has a 
great deal of difficulty going back through it to find out who 
was studied. Who were those patients? How many previous 
exercise tests had they had? What I am asking for is more 
details in the method sections of clinical trials, even if they 
are published as an appendix or kept on file at the journal, so 
that when you're reading a trial there is a way of discerning 
who is being studied. But I don't think that you can develop 
an ideal protocol. 


Dr. Roberts: Why can't you develop an ideal protocol? I 
mean, if you had your druthers, what would be your vision of 


t Dr. Roberts is Editor-in-Chief of The American Journal of Cardiol- 
ogy and was present in the audience of the symposium. 


É | x. M. r i NNUS r "EZ: = SUR D iw a 
December 27, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 43I 


an absolutely perfect protocol? It seems to me that it would © 
be useful to have such an ideal. 


Dr. Shell: We spent 2 years designing a transdermal ni- 
troglycerin protocol for assessing silent ischemia. The prob- 
lem was that we had insufficient knowledge to design the 
protocol. We had several questions we couldn't answer. One 
was this question of day-to-day ambulatory electrocardio- | 
gram tape variability; you have to build this into a study © 
design if you're going to get appropriate numbers. Another - 
was not knowing what kind of dosage forms to use. So I think — 
part of the problem is insufficient knowledge of both the 
medications and the endpoints in the disease to design pro- — 
tocols appropriately. We don't know enough about the na- | 
ture of the disease processes to design truly valid scientific | 
protocols, and so there is an artificial attempt to put science 
into something that is in many ways an art. 


Dr. Roberts: But Jan Weber was fairly critical of all these | 
factors. I could go away from this discussion thinking it's 
impossible to do a good study. 


Dr. Selwyn: I don't think it's impossible to define ideal 
goals. T'he reason why protocols are less than ideal, and the 
reason for the problems here, is that very often the research 
question is not sufficiently precise. The research question is 
frequently pretentious and attempts to generalize the effica- 
cy of a drug for the management of a patient for life, rather 
than saying, can this drug favorably affect 1, 2 or 3 objective - 
measurements, with the understanding that that's not the 
whole story. If you wanted the whole story, I don't think it's 
too hard to say that you need these drugs to control pain and 
active ischemia, prevent infarction and prolong life. These - 
goals must be approached in steps. 


Dr. Roberts: What if you were setting up an ideal proto- 
col just to test the efficacy of transdermal nitroglycerin? 


Dr. Selwyn: To do what? What is the research aim? 
Dr. Roberts: To relieve overt chest pain, angina. 


Dr. Selwyn: Looking at relief of pain has been done. And 
it falls short because pain is such a subjective symptom and 
so difficult to assess objectively. 


Dr. Roberts: What would be your question, then? 


Dr. Selwyn: Well, that's my own bias. We come straight | 
back to the defense that if I passed it around the table, | 
others might not agree, but I think that you have to use what. 4 
is familiar. This would be first, the full characterization of © 
the patient, as Dr. Shell has said, second, the standardized 
exercise test, because it is traditional and contains prognos- - 
tic information and third, the control of all ischemia out of — 
hospital, whether it is symptomatic or asymptomatic. 

Dr. Roberts: But you've got to throw out the first 4 or 5 — 
exercise tests before you start on that. 


Dr. Shell: Or at least describe them. 


Dr. Selwyn: Yes. It's difficult; we accept that. 


Dr. Shell: ld like to back up. I think we've got a funda- — 
mental problem. In acute myocardial infarction, we can 
agree that the endpoint is mortality rate at 1 month and 1 
year. I don't think we have developed our thinking in angina 
pectoris to the point where we can agree on an endpoint. - 
That’s what's fundamentally stopping us in the discussion of - 
what is an ideal protocol, or what is an ideal dogage form. I 
think that we need to begin evolving careful clinical subsets 
of patients with agreed-upon endpoints. I think John Fla- 
herty's study is a fascinating example of a spectrum of very | 
unstable patients who've been admitted with unstable angi- 
na, probably having multiple ischemic events, both silent 
and symptomatic. In contrast, there is Dr. Parker's group of | 
patients, who are able to participate in studies over many - 
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1 CAMS with extended washout phases and are probably quite 
- stable. Until we have an assessment of those kinds of clinical 
_ subsets, and what endpoints may be useful, we cannot resolve 
_ the kinds of questions we've been discussing. I think we are 
going to find that to begin resolving these issues we have to 
. develop multiple marker studies analogous to what we have 
dn myocardial infarction. Then we will need to begin looking 
at relative dosages in the individual subsets. The original 
; _ work done in England used 5-mg patches. It may be that that 
was a totally inadequate dose to deal with a very unstable 
K group of patients. We don't know. We're just beginning to 
Scratch the surface regarding how to do the subsetting. 


fies 
blo _ Dr. Weber: I think the other thing that makes it difficult 
_ to define an ideal protocol is that the clock is moving. Five 
: years ago, before Maseri's work in Italy, we weren't really 
thinking seriously about the role of coronary vasospasm in 
angina. Now it's a major consideration. Similarly, in recent 
years, Drs. Selwyn and Shell have developed techniques 
for completely renovating our entire concept of coronary 
ischemia. 


_ Dr. Roberts: I am seeking the ideal protocol for 1985. It 
-could change in 1987. 


S Dr. Shell: I agree with Dr. Selwyn. I think you are going to 
need to have multiple levels—complete clinical character- 
ization, exercise tolerance, whether it’s trained or untrained, 
_ as long as it is specified and you know what you're dealing 
| with, the degree and magnitude of ischemia and the number 
of episodes of chest pain. In this way, the research goals of 
each trial can be limited. One particular phase can thus be 
studied, and by the time we're done—1, 3, 7 years from 
 . now—we'll be able to say, for example, that 8 blockade can 
pyre! exercise-induced ischemia. It can’t control, as a hy- 
. pothesis, spontaneous ischemia. It is effective in this class of 
E _ patients, but not in that class of patients. Perhaps we'll find 
. that transdermal nitrates in trained individuals have no 
effect on exercise-induced ischemia, but in untrained indi- 
_ viduals it may, or it may have a tremendous effect on sponta- 
- neous ischemia. Then, by using multiple endpoints, we can 
begin to give the clinician some way of quantifying his obvi- 
- ous impression, that, clinically, multiple agents seem to be 
„able to control the disease we call angina pectoris. The clini- 
_ cian is now confused. He doesn’t know what endpoint to use. 
“He certainly doesn’t use repetitive exercise testing in his 
‘office to treat chronic stable angina. I don’t know of any 
clinicians who do that. So the FDA is imposing an endpoint 
that i is really very far away from what the average practitio- 
ner is using to assess treated patients. Maybe the FDA is 
"right. Maybe everybody should do an exercise test, put peo- 
. ple on antianginal agents and then repeat the exercise test 
every 3 months. Medical insurance carriers would probably 
be horrified by that. 


Dr. Roberts: Well, not only is the practicing physician 
| confused, but the investigators can't agree, it seems to me. 


4 Dr. Selwyn: No, I don't think there's a major disagree- 

ment. I think most people around the table agree that pa- 
tients should be characterized with a great deal of detail, 

that the standard exercise test has value and that there is 
value i in looking at the amount of ischemia that's going on 

out of hospital. All 3 of these factors should move us closer to 
making the ideal study. 


Dr. Roberts: Okay, suppose two of you do separate stud- 
ies; in 1 study, 70% of the patients with angina have systemic 
hypertension and 50% of them have healed myocardial in- 
farcts, whereas in the other study only 20% of the patients 
have systemic hypertension and 10% have healed infarcts. 

_ Are we talking about the same group of people? 
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Dr. Selwyn: That’s not the purpose. As Dr. Shell said, if 
you explain all of the patient characteristics in your methods 
section in the greatest detail, those people who read your 
article will extrapolate your findings only to that patient 
population when they come to practice. 


Dr. Shell: One of the problems we’ve had is that many of 
the active investigators have been focused on the coronary 
care unit, and as Dr. Selwyn points out, have not been mov- 
ing out from the coronary care unit into the real world. 
That’s changing. I don’t think the situation is nearly as 
hopeless as it may seem. I think that the Parker-Reichek 
articles have crystalized an issue on which people are begin- 
ning to focus—attenuation. There are many new criteria 
that now need to be evaluated. Is there attenuation of nifedi- 
pine effects? Is there attenuation with diltiazem? There may 
be if it’s looked at in ways other than exercise testing. 


"4 .. What we need to do over the next 
several years is expand the work . . . to 
the whole spectrum of angina patients. 
We will want to use different endpoints 


and see how different drugs affect those 
endpoints. '' 


—STEPHEN SCHEIDT 


Dr. Scheidt: Let me summarize then. I believe that al- 
though there seems to be a great deal of disagreement, there 
is really less than we think. What we have said, and the 
reason for this discussion, is that most of the data reported 
up to now has been using only a certain subgroup of angina 
patients using only a certain type of testing. What I think 
becomes quite clear, from both the studies that have been 
done and from our intuition, is that angina is not a single 
disease. It's not even as simple as vasospasm-versus-supply- 
versus-demand angina. Angina is a very complex disease syn- 
drome. It probably varies with time in the individual pa- 
tient; it varies in individual patients according to coronary 
anatomy and it likely varies in response to therapy. We 
simply have to characterize what is going on. It is highly 
unlikely, I think, that any single agent is going to be the best 
agent for angina as a global disease. Until now, most of the 
studies have used 1 test and presumed that the test was 
looking at 1 type of patient. This patient has, in general, 
been the type of patient who was not unstable, could perform 
several exercise tests over a good period of time and could 
have other therapies withdrawn without difficulty. I think 
that what we need to do over the next several years is expand 
the work, and certainly that is underway, to the whole spec- 
trum of angina patients. We will want to use different end- — 
points and see how different drugs affect those endpoints. 


Dose and Efficacy 


Dr. Scheidt: Let's turn now to a question that has plagued 
us all: the question of dose. Will the problem of efficacy, or 
perhaps the problem of development of tolerance or attenu- 
ation, whatever the semantics used, be solved or at least par- 
tially obviated by changing doses? Dr. Shell, what do you 
think? 


ices Sa ALE ht Shite 


s 


e 





Ş iuge "ES. "5353 E. T a) Nf 


Dr. Shell: I think it's going to be a double-edged sword. I 
think we're going to uncover a new problem, that of depen- 
dence. It will be the same kind of problem that you get into 
with 8 blockers—how do you get patients off of them? I 
think we are going to find that there are patients who will 
respond to higher doses, and then you'll have a dependence 
problem. 


Dr. Weber: On the other hand, the dependence problem 
doesn't negate our use of 8 blockers. We still use them. 


Dr. Shell: It's really not a question of whether nitrates 
extend exercise tolerance in somebody with mild angina 
when used as monotherapy. The question is: How does one 
change the incidence, duration and magnitude of ischemic 
events in patients with various kinds of disease? 


Dr. Scheidt: Does anybody think that responsiveness to 
an additional sublingual nitroglycerin for an attack of pain 
will be seriously compromised by standard doses, by higher 
doses or by the highest doses? 


Dr. Parker: The data that I have mentioned suggest a 
normal response to all doses. There is a dose response in 
blood pressure and exercise tolerance from 15 to 120 mg of 
isosorbide dinitrate. 


“It’s really not a question of whether 
nitrates extend exercise tolerance in 
somebody with mild angina when used 
as monotherapy. The question is: How 
does one change the incidence, duration 
and magnitude of ischemic events in 
patients with various kinds of disease?” 


—WILLIAM SHELL 


Dr. Scheidt: It's been said several times, and certainly Dr. 
Parker has shown us data, that there really is a problem of 
attenuation, and it's unrelated to blood levels. On the other 
hand, let me be a little bit iconoclastic and point out that 


there are a few studies that indicate that blood levels with a 


single sublingual nitroglycerin dose are considerably higher 
than those you reach, for instance, even with substantial 
doses of transdermal nitroglycerin. Is it possible that there 
may be a blood level problem at lower doses of transdermal 
nitroglycerin? After all, with a sublingual nitroglycerin, you 
get a very rapid rise in nitroglycerin blood levels to more 
than 3 ng/ml, which is much higher than you get with a 5-, 
10- or 15-mg patch. | 


Dr. Flaherty: We, too, have measured nitroglycerin blood 
levels, both with patches and with intravenous dosage forms. 
I always like to remind people that the venous blood levels 
that one measures are in a sense downstream from the organ 
of absorption. In other words, the drug, whether it's given 
transcutaneously or intravenously, sees central veins, arter- 
ies and capillaries before it sees the peripheral veins. In the 


-~ . intensive care unit where we already have central venous and 
arterial catheters, we can simultaneously obtain samples 


from the right atrium, the radial artery and a peripheral 


vein. With patch doses in the range of 60 to 100 cm? (30 to 50 


mg/24 hours) we're obtaining arterial and central venous 
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blood levels as high as 40 mg/ml, but often peripheral venous 
levels «1 mg/ml. These measurements would seem to con- 
firm that the transdermal patches deliver nitroglycerin in 


adequate quantities. I’ve always had an argument with mea- | 


suring peripheral venous blood levels, because we see pa- 
tients who are demonstrating significant hemodynamic ef- 
fects with intravenous nitroglycerin who have a peripheral 
venous blood level of 0. These patients must be extracting 
most of the nitroglycerin into pulmonary vascular and pe- 
ripheral arterial smooth muscle cells and thus, there is not 
much to spill over into the peripheral venous circulation. 


Development of Attenuation bec 


Dr. Shell: I have a question for Dr. Parker regarding your | 
high dose data. Have you done any trials in which you've - 


Tagi 


used 1 patch, seen the development of attenuation and then 


placed a second patch? 


Dr. Parker: The high-dose study was short term, using 1 


dose. We did not use a second patch. 


Dr. Shell: Because if the question is does the drug work, - 
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even your data would suggest that at the end of 24 hours, the © 


high dose works. You raise the biologically significant work. 


Therefore, the drug is effective. After all, that is the relevant — 


question. With each successive patch do you see this 24-hour — 


effect? 

Dr. Frishman: I have a couple of questions, again, going 
back to basic mechanisms with disulfite formation. It’s been 
stated that if you give nitrates and tolerance develops, pa- 
tients shouldn’t even respond to sublingual nitroglycerin. 
The response to any nitrate that’s given should be blunted at 
that point, and perhaps that whole theory of disulfite forma- 
tion causing tolerance is wrong. 

Dr. Parker: Unless the rapidly rising nitrate levels act to 
displace substrates from receptors. 


“The isosorbide dinitrate data are very 
similar to what we see with prazosin, 
with the initial loss of hemodynamic 
effect. . . But we can overcome this 


problem by administering higher doses 
and long term we can get a sustained 
effect.” 


— WILLIAM H. FRISHMAN 





Dr. Frishman: Yes. The other thing that I’ve seen from 


the blood pressure studies in which we've been involved is 
that when you use vasodilators, including prazosin, after the — 
first few days of therapy, there is actually a return toward 
baseline, probably related to hormonal compensations. The _ 


point is, however, that although these patients return to- 
ward baseline, it doesn't mean that the effect has worn off. 
We can reinstate the drug's effect by giving larger doses over 
a period of time and obtain a sustained antihypertensive 
effect. The difficulty lies in a short-term study. The isosor- 
bide dinitrate data are very similar to what we see with 
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prazosin, with the initial loss of hemodynamic effect. The © 


pressure doesn't go down as much because the body has — 
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.. made compensations for it. But we can overcome this prob- 
lem by administering higher doses and in the long term, we 
can get a sustained effect. 


. Dr. Shell: Dr. Parker, were your studies done as mono- 
therapy, with only nitrates on board? Are there any data 
that assess the influence of 8 blockade on the development of 
attenuation? Because theoretically it's possible that the 6 
- blockade could attenuate the attenuation, if you will, and 
. therefore explain some of the clinical discrepancies. After 


— all, most patients in the real world are on 8 blockers plus a 


— nitrate. If there is a discrepancy between monotherapy and 
acute intervention studies and clinical responses, it may be 
— that there's an interaction between the 8 blocker and the 
nitrates to modify the attenuation that's occurring. 


Dr. Parker: I am not aware of any data that specifically 
assess the influence of 8 blockers on the development of 
nitroglycerin attenuation. Many of the patients that Rei- 
chek studied in The American Journal of Cardiology article 
in 1984 were on 8 blockers. Some of them actually were on 
calcium antagonists, too, I believe. 


-... Dr. Scheidt: But the number of patients was very small. 
_ Eight patients in one group, 5 in another and 6 in a third. 
| Dr. Parker: And that was a short-term study, too. Pa- 
tients were titrated up and then exercised over 24 hours. 
'There was no long-term data. 

Dr. Shell: Do you keep diaries on these patients? Is there 
a positive clinical response? 


Dr. Parker: I tend not to place much reliance on diaries or 


~~ counts of nitroglycerin consumption. First of all, patients 


don’t keep diaries very well. They fill them out because the 
doctor wants them to, but they’re rarely done reliably. Sec- 
ondly, having been involved in this field of research for quite 
some time, I have found that patients tend to modify their 
life-style so as not to have anginal attacks. I’ve seen many 
. patients who would develop angina between 3 and 8 minutes 
. on the treadmill, but they were experiencing very little angi- 
na in their daily lives. They've learned to modify their life- 
style. 


Dr. Shell: But these are very stable patients who probably 
have, in fact, no spontaneous anginal events. 


Dr. Scheidt: Both treated and untreated, patients adopt a 
life-style that prevents angina. Indeed there might be better 
ways of doing a subjective assessment than diaries. If I were 
to do a subjective assessment, I wouldn't use a diary of the 
number of nitroglycerin tablets consumed or the number of 
anginal episodes. l'd use a pedometer, and find out how 
many steps patients walked or how many stairs they 
climbed. I think these are the parameters that patients 
— would adjust in relation to their exercise capacity. 

Dr. Shell: I’m not arguing, I’m just trying to get a feeling 
for the nature of the subset we're studying. 
Dr. Parker: These are patients with stable, exercise-in- 
-ducible angina who don't have pain at rest and who are off all 
medications except sublingual nitroglycerin used in the usu- 
al fashion. 


Dr. Shell: And, therefore, one couldn't use normal clinical 
_ responses as indexes of how they would respond. 


Dr. Scheidt: In other words, when you showed tolerance, 
for instance, in the isosorbide ointment group, were the 
patients still *better"—however that is defined — clinically? 


Dr. Shell: Exactly. After all, one of the issues that's been 
raised is whether an objective method like Holter monitor- 
ing is relevant to patient care. This is a legitimate question. 

But then I would ask this question: Is exercise tolerance 


1 * T3 












, d E M. XJ, c Fett cf 
jue" dra Fc nt TE dcm so 
AULAM ee eth) A Se! re p AT 
ES as rit 


AUD 


ERA mgt 


. fe 


testing in a patient who is not experiencing anginal chest 
pain a relevant endpoint? Because these patients are not 
experiencing anginal chest pain, and therefore what does it 
matter that their exercise tolerance has gone from 3 minutes 


to 6 minutes? 


Dr. Parker: As long as you know that they are truly not 
having angina. Perhaps these people are not having angina 
because they’ve lowered their levels of activity. 


Dr. Scheidt: Dr. Parker made a comment that he didn’t 
follow up. I want to raise it again now. You indicated that it 
might be the rate of rise of drug level that’s important. Any 
comments on that? 


Dr. Parker: Just a thought, I have no data. 


Dr. Flaherty: It reminds me of the calcium-channel 
blocker story. If a patient has calcium blockers on board, and 
you give a large infusion of calcium, you can overcome the 
“block.” You’re not uncovering already covered receptors, 
but demonstrating competitive inhibition. Likewise, it may 
well be that during chronic nitrate therapy there may still be 
more nitrate receptors that do not have nitroglycerin bound 
to them. If you provide an additional drug, which could bind 
to these receptors, more vasodilator response might still be 
obtainable. 


Dr. Weber: | have a question for Dr. Parker. You’ve un- 
doubtedly looked at Thompson’s paper’ in some detail. The 
results are quite disparate from yours. I’m curious as to how 
your methodology differed from his, or how you would ac- 
count for the difference in results and conclusions? 


Dr. Parker: I haven’t read that paper for a long time. 
John, you probably are more familiar with this. 


Dr. Flaherty: One thing that has always struck me about 
it was that he selected for chronic study the responders from 
his acute study. In other words, he chose the nitroglycerin 
responders in the acute study to sublingual nitroglycerin. 
Thompson determined which patients were responding to 
nitroglycerin patches and then enrolled these people in the 
chronic study. This may harken back to a comment that I 
made previously. If one selects from a large population of 
patients with stable angina, there will be a group of people 
who will respond to low doses of nitrates. Thompson might 
have been lucky enough to find that subgroup. Parker, on 
the other hand, might have included by chance more pa- 
tients requiring higher doses of nitroglycerin to obtain a 
significant antiischemic effect. Anytime you study a small 
number of patients and remembering the 20- to 40-fold 
variability in nitrate responsiveness from patient to patient, 
you can be lucky or unlucky in your selection of patients. 


Dr. Weber: To use an infectious disease analogy, I think 
we're trying to determine whether a medication is an effec- 
tive antibiotic for the treatment of pneumonia without 
knowing the causative organism. In angina, there seems to be 
a variety of types. We have many different medications, and 
just because an agent doesn't work for one patient, doesn't 
mean it may not be applicable and perfectly effective in yet 
another. 


Dr. Selwyn: The best analogy by-far is to hypertension. It 
has always been obvious that once a patient develops symp- 


tomatic hypertension, it is necessary to treat the symptoms - * 


and the background hypertension. It's taken years to work 
out that modest levels of essential hypertension, although 
asymptomatic, require treatment as well. This was shown in 
careful prognostic studies, insurance studies and population 
surveys. We have the same situation with angina. Remem- 
ber, in essential hypertension, progress in treatment is being 
made without knowing the cause of the disease. So although 
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we do not know the precise cause of angina in each patient, 
we do know a group of mechanisms against which we can 
target drugs. 


Need for Titration and Higher Doses 


Dr. Selwyn: Now, if you want to try to arrive at the best 
dose for the nitrate patches, it would seem to me that, with 
what we know, you have to carefully titrate dose against 
ischemia in each patient and arrive, difficult though that 
may be, at an ideal dose for an individual. 


Dr. Frishman: That's what we're involved with in our 
pilot nitroglycerin study. Each patient is titrated to his or 
her optimal patch dose. 


Dr. Selwyn: But then you have to decide whether the 
dose-ischemia titration is relevant if it's done on an exercise 
test, because we don't run exercise tests all day out of the 
hospital. That is another issue. 


Dr. Scheidt: There are, of course, other titrations that can 
be used. A number of the studies up to now have been done 
with what is called maximal tolerated dose, which is usually 
to intolerable headache. 


Dr. Frishman: We are frequently dosing to 200 cm? (mul- 
tiple patches) and patients are tolerating it very well. This is 
in contrast to Reichek who was claiming that patients were 
intolerant to the drug at 40 cm?. 


Dr. Parker: One of the problems is that Reichek was 
testing tolerable dose in an acute situation. After 10 days 
of therapy, you may be able to quadruple the dose, with good 
tolerance. 


Dr. Flaherty: The other point is that most of Reichek’s 
patients were receiving concomitant antianginal therapy. If 
you've already lowered blood pressure with calcium-channel 
blockers or 6 blockers, you've got very little left to drop. This 
would make it much harder to demonstrate a beneficial 
antiischemic effect of adding nitroglycerin. 

l'd like to return to the subject of titration and stress that 
the reason why people are not titrating is that we have a very 
limited availability of patch sizes. The maximum patch size 
available now is 30 cm?. Given the cost of a single patch, most 
physicians are unwilling to submit a patient to the cost of 
more than 1 patch a day. Therefore, there's an upper limit, a 
plateau if you will, to dosing. If there were a higher range of 
doses available, physicians might titrate higher. Given the 
inexpensiveness of nitroglycerin itself and the fact that what 
we are really paying for is the unit in which it's packaged, it 
would seem to me that any dose could be developed at 
approximately the same price. If we could establish in some 
research studies the range of doses that is clinically useful, 
then it would seem reasonable for the manufacturers to try 
to cover a large range of patch sizes. Then it wouldn't be so 
unreasonable to prescribe a dose of 20 to 50 mg/day (40 to 
100 cm?). 


Dr. Scheidt: Titration is something that is commonly 
done with many other types of drugs, and for reasons I don't 
understand, probably because you get a month at a time in a 
box, titration is not something that's commonly practiced 
with patches. We have very good reason to believe that 
nitroglycerin doses are highly variable from patient to pa- 
tient, and I now routinely titrate. I often will start with a 5- 
mg patch, and very quickly, certainly by the next month's 
prescription, will go up to a 10-mg patch. Frequently I even 
go higher than that. I think that for many patients—those in 
our studies, in the pilot studies of Dr. Frishman and in other 
reported studies—the maximal tolerated dose of nitroglyc- 


erin, even relatively short term, is probably above 15 mg. I - 


think it's 15 to 25 mg, on average, in the population. 


"We have very good reason to believe 
that nitroglycerin doses are highly 
variable from patient to patient. . . . 
There will be very few patients who will 


get ‘optimal’ effect on a 5-mg patch, 
which I’m sure is the most commonly 
used dose.” 


—STEPHEN SCHEIDT 


Dr. Selwyn: It's much higher. My patients rarely use <60 
mg. 

Dr. Shell: But you’re a tertiary referral center, and you 
see the worst patients. 

Dr. Selwyn: The patients we see are referred by family 
practitioners. 

Dr. Shell: But they’re still on a referral basis. You’re not 
seeing the patients who are doing well in the practitioner’s 
office, who are not a problem to them. 

Dr. Selwyn: But the potential is there to go up to 60 or 80 
mg. 

Dr. Scheidt: What we all do agree on is that there will be 
very few patients who will get “optimal” effect, whatever 





that is, on a 5-mg patch, which I’m sure is the most common- _ 


ly used dose in the United States today. I think we all feel 
that we’ve been using the very lowest end of clinically rele- 
vant doses. Do we all feel that patches in doses of 50 mg 
would be useful? 


Dr. Frishman: We think even higher than that, and a 
much wider dose range. In fact, from 5 to 100 mg. 


Dr. Flaherty: A multicenter study is currently underway 


have some limited clinical data to suggest that higher doses 
will be useful but we can’t be 100% sure. My own crossover 
data would suggest the development of a 50 or a 100 cm? 
patch. 


Dr. Scheidt: To sound a note of caution, we know that we d 


don't have the data in support of doses in excess of 100 cm?. 
There's the possibility that larger and larger doses will sim- 
ply chase one's tail and not be useful. I don't think we know 


an 


f 
with such a dose range but results are several years off. We 


for certain at the moment. I think what we do know is that 


many patients will tolerate higher doses. 


Dr. Flaherty: There is a common misconception that 
going back to nitroglycerin ointment is the solution to the — 


problem of nitroglycerin “tolerance.” I find this very diffi- — 


cult to understand. It seems to me that ointment or oral . 


preparations, given 4 or 5 times a day, should provide nitro- — 


glycerin blood levels very similar to those obtained with 
patches left on for 24 hours. How this would solve the prob- 
lem of hemodynamic attenuation baffles me. 


Dr. Weber: An even more peculiar anomaly is seen in our 
hospital. I see the house officers applying a transdermal 
patch and then adding to that isosorbide dinitrate every 6 
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» hours. These patients are getting the worst of both possibili- 
_ ties; they're incurring the expense of the patch and at the 
A same time the inconvenience of taking a medication 4 times 
. a8 day. 
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“Ointment, given 4 or 5 times a day, 
should be very similar to a patch left on 
for 24 hours. How this would solve the 


E: 


P problem of hemodynamic attenuation 
| baffles me.” 


3 —JOHN T. FLAHERTY 


Dr. Scheidt: I could see that the ointment might inadver- 
^j tently provide a nitrate-free interval, because the ointment 
$ levels, especially at the end of 6 hours, are low. In addition, if 
- patients sleep 8 hours and don't get up to put the ointment 
— on, you might again be providing a couple of nitrate-free 
— hours. 


Dr. Flaherty: One other point is that during long-term 
therapy, compliance is not really 100%. Patients have proba- 
bly been obtaining nitrate-free intervals for years by just 
forgetting to take 1 dose a day of oral or transcutaneous 
nitrates. No one has vigorously studied this, but I suspect 
that nitrate-free intervals have been there all the time. 


Practical Clinical Applications 


Dr. Roberts: Beta blockers have been mentioned a lot 
here. The disease, of course, is coronary artery disease, and 
| its my understanding that 8 blockers increase the total 
- cholesterol level by 6 to 8%. The Lipid Research Clinic stud- 
. ies? have shown that when levels are diminished by 9%, the 
heart attack rate goes down about 19%. The difference be- 
— tween a6 to 8% increase and a 9% decrease in lipid levels is an 
-~ astronomical increase in heart attack rate. It would seem 
~ that a drug like nitroglycerin, which insofar as I know does 
. not affect cholesterol levels, would be quite beneficial. 
E: The question I have now is what recommendations do you 
- have for the practicing cardiologist or clinician? I mean, the 
- discussion of all the problems is nice, but if I had angina 
. pectoris and came in to see you, would you prescribe these 
_ patches, for example, and if so, how would they be used? In 
f; - terms of the tolerance issue, it seems to be that you can skip a 
_ day or so, or even hours, and then the patches seem to be 
E fairly efficacious. What recommendations do you have for 
. the practicing doctor? 
- Dr. Shell: It depends on whether you're seeing patients on 
_a referral basis or for the first diagnosis of angina. Those are 
- 2 separate circumstances. Let's start with the group of pa- 
. tients whom I see for the first diagnosis of angina. I try to get 
a some assessment of their left ventricular function, by look- 
ing at their electrocardiogram, by physical exam and by 
chest x-ray. If I have reason to believe they have not had an 
acute myocardial infarction, which means they have an es- 
sentially normal ejection fraction, I start them on 8 block- 
ade, then see them 2 weeks later. If they are still having chest 
_ _ pain, I add nitroglycerin, and I frequently use the patches 
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because of compliance issues. I then see them 2 weeks later, 
and if they are pain free, I repeat their Holters, because I 
have access to that, and then I titrate their doses appropri- 
ately. Basically, I try to abolish angina. T'hat's in the patients 
with normal ejection fraction. If I have reason to believe that 
they have a decreased ejection fraction, then I start them on 
nitrates first and titrate up to a maximally effective dose, 
which means anywhere from 10- to 25-mg patches. Then, if I 
have additional problems, I tend to use a small dose of a 
calcium-channel blocker if their ejection fraction isn't too 
low. 


With patients who are referred to me and are already on 
antianginal medication, my approach depends on the prob- 
lem. At that point the usual question is whether they are 
candidates for mechanical intervention, either percutaneous 
transluminal coronary angiography or surgery. Once I’ve 
determined this, I’m left with a cohort of patients who have 
not had surgical intervention. Then I go through the process. 
of modifying their antianginal agents, which are a combina- 
tion, in my judgment, of 8 blockade, nitrates and calcium- 
channel blockers. First I modify the doses using chest pain as 
the endpoint, and then I follow it up with ambulatory moni- 
toring. And if I have 50 patients I will wind up with about 32 
different regimens, because patients are very different. 


Dr. Roberts: But with what you know about tolerance 
right now, are you going to keep the patches on continuously 
or are you going to, say, skip them on Saturday and on 
Sunday? ( 


Dr. Shell: I tell them to get up in the morning, take their 
patch off, have breakfast and shower, and put their patch 
back on. That gives them about an hour to an hour and a half 
of a nitrate-free interval. Seeing Dr. Selwyn's data, I'm not 
sure that's the right time. Maybe I should be telling them to 
take it off at night. But practically speaking, taking the 
patch off for a short time in the morning seems to work very 
well. I don't know if that's right or wrong, because I haven't 
exercised them, but it seems like a reasonable approach. 
There are some patients who've evolved their own schemes 
and who will use 2 patches. They'll put one on in the morn- 
ing, another one on at night, and take the second one off in 
the morning. They've learned to titrate their own dose, and 
they're a very interesting group of patients. 


Dr. Selwyn: I think recommendations for the use of the 
patch are difficult at the moment, because the whole subject 
is just so nascent. I think one has to tell practitioners about 
the patch what you tell them for other drugs—that it's gen- 
erally acceptable, it doesn't have troublesome side effects 
and they should continue to use it if it relieves the patient's 
pain. But I think with regard to timing, tolerance, pulsing 
etc., the whole subject is just too nascent to make any defini- 
tive recommendations. 


Dr. Parker: I'd like to take a crack at the question Dr. 
Roberts posed. I'd take an entirely different approach from 
that which Dr. Shell outlined. Until someone shows me in a 
well-controlled study that silent ischemia can be corrected, 
and has anything to do with prognosis, I really don't care 
about that. I'm treating angina. I give patients isosorbide 3 
times a day and nothing after the evening meal. We don't 
have patches in Canada but if we did, I would have them take 
the patch off when they get home from work and put it on 
after their morning shower, giving them a 12-hour nitrate- 
free interval. That's the way I would handle it. We talk a lot 
about silent ischemia, but no one has clearly shown that it is 
important in terms of prognosis, or that if you treat it, it 
modifies the prognosis. We're going to get into the coronary 
artery bypass problem pretty soon, because people will start 
treating it without really knowing. 
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Dr. Selwyn: But that’s already happening. When young 
executives in responsible jobs present who have 4 mm of ST 
depression in a silent positive exercise test, they are already 
going to angiography and being bypassed for critical lesions. 
There are many cardiologists, some of the most famous in 
this country at Cedars-Sinai, who’ve said that it’s such a 
high-risk situation it warrants immediate intervention. The 
other thing to keep in mind is that long before the exercise 
test was found to have prognostic value, it was being used to 
assess medical therapy. Its prognostic value has only recent- 
ly been demonstrated. Even now there is no evidence that if 
drug therapy improves exercise test measures of ischemia, 
this will result in improved prognosis for the patient. 


"^ » » What recommendations do you 
have for the practicing cardiologist or 
Clinician? . . . how would you suggest 


the patches be used?" 


— WILLIAM C. ROBERTS 





Ambulatory 24-Hour Electrocardiogram Monitoring 


Dr. Shell: Dr. Parker's position on the need to have the 
validity of silent ischemia demonstrated to him is quite 
appropriate from a scientific point of view, but I can assure 
him that once he starts getting Holters and sees patients 
with painless episodes of 4- or 5-mm ST-segment depression 
followed by runs of ventricular tachycardia, he's going to 
modify his position a bit. It's a very frightening finding 
and it can quickly change your perspective. So he's quite 


correct. Somebody does need to do a controlled trial that: 


proves from a scientific point of view that Holter monitoring 
for silent ischemia has practical value. But Dr. Selwyn's 
position is also correct. This technology is not difficult. The 
practicing community will have access to ST-segment 
information from ambulatory electrocardiogram tapes rela- 
tively soon. It is not difficult to do, and, therefore, we're 
going to run into a problem very quickly where the practic- 
ing community is going to use it, probably with inadequate 
information. 


Dr. Scheidt: Unfortunately, I have to respectfully dis- 
agree with you. It is not easy for the practicing physician to 
come by such data now, because a standard Holter, as we all 
know, is scanned for rhythm and rhythm only. The comput- 
er systems are not to be trusted in routine use. There are 
some Holter services that now give you an everybeat print- 
out, but this is exceedingly difficult to use. So unfortunately, 
the data are very hard to come by, and I wish I knew what to 
recommend. 


Dr. Shell: A point that needs to be made by everyone who 
is speaking on this issue is that the routine Holter, i.e., 


arrhythmia, monitoring, as given by these computer sys- 


tems, should never be trusted for assessing ischemic electro- 
cardiographic changes. That point needs to be made consis- 
tently. 


Dr. Frishman: The other problem, and I’ve raised this 
with Dr. Selwyn, is that there is still tremendous variability, 
both intrapatient from day to day and interpatient, with this 
technique. And although we all have a classic patient with a 
reproducible type of phenomenon, that’s really more often 
the exception, not the rule. 


Ri a a À Y 


m 


‘ 


- ii 


Dr. Scheidt: It took, after all, about 10 years for the day- 
to-day variability of ventricular premature complexes on 
arrhythmia Holter monitoring to be fully realized. P. 


Dr. Shell: The data for beginning to assess Holters as a 
prognostic indicator probably already exist in all of our data 
pools. Most hospitals save their Holter tapes. Someone could 
go back, draw out those tapes and do a forward analysis of - 
who did and did not survive. A^ 


1 
Dr. Selwyn: The arrhythmia tapes in most hospitals are 
really not calibrated. The R wave is greatly amplified for. 
analysis, so it distorts the ST segment and you get a lot of 
false-positives. There are, however, 1 or 2 studies in this 
country involving thousands of people with calibrated 
Holter tapes that have not been analyzed for ST-segment - 
changes. So a study such as you recommend could be done. 
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Conclusions 


Dr. Scheidt: It seems that the watchword of this sympo- - 
sium has been variability. Variability in patient selection, — 
variability in pathophysiology of angina and variability in. 
protocols. Let me refer briefly to how terrible the variability — 
problem really is in terms of the findings. When you put it all ü 
together, it’s not surprising that we should have no definite - 
answer. The first thing that jumps out at you are the num- . 
bers—the numbers of patients in all the nitroglycerin patch © 
studies are absurdly small. The mean is 10 to 12 patients. We | 
talked about 8 error before. This is an enormously important — 
point: the potential for difference between biological signifi- : 
cance and statistical significance. And so, for instance, you - 
see anomalies such as Reichek's, a study commonly per- - 
ceived to be negative, which actually showed a 39% increase 
in exercise time. This used the maximal tolerated dose of - 
transdermal nitroglycerin, a mean of 22 mg, and total exer- 
cise time as an index of efficacy. I’ve taken the FDA-ap- - 
proved measure of efficacy here—total exercise time— - 
though we've all agreed there may be many other measures - 
of efficacy that are more appropriate. We see a 39% increase - 
in exercise time versus placebo, and yet because there are 
only 5 patients in the group, it's not statistically significant. 


The second problem that's been alluded to several times is | 
considerable variability in concomitant therapy. In Rei- - 
chek's study, the patients were on other therapy. In several » 
other studies they were not. There is no attempt among . 
published reports to account for the possible impact of vari- £ 


ations in concomitant medications on study results. m 


mI 


| 


The third major problem in these studies is dose. In most — 
cases, the doses used are rather small. This is true in both — 
short- and long-term studies. If there is tolerance and sucha — 
low dose is then tested, I think it's not surprising to find a 1 
very small effect. TUR 

Some of the studies seem to be negative, and yet they show 
increases versus isosorbide. They show less in the way of ST- _ 
segment depression on 24-hour ambulatory electrocardio- — 
gram monitoring. With all the confusion that there seems to 
be then regarding variability in results, there are certainly a. 
number of studies that show significant increases in exercise 
time early in treatment, and with somewhat more difficulty, pd 
show it later. E 5 


To sum up then, I think that objective efficacy in increas- - | 
ing exercise time is demonstrated frequently, and certainly if 
in short-term studies. Efficacy is easy to show in the first2to _ 
12 hours, and it’s easy to show with larger doses. It’s harder — 
to show at 24 hours, but there are some positive trials, and 
interestingly, the positive trials have a reasonable number of 
patients. After long-term dosing, and really only long-term | 
dosing has relevance to the clinical situation—the fact that — 
you can show a change 4 hours after the first dose of nitro- — 
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glycerin is interesting but unfortunately not very clinically 
useful—several studies show a significant increase in exer- 
cise time at both 2 to 4 and 24 to 48 hours. There are lots of 
scattered results that may or may not be positive depending 
on your bias. Again, I have put myself into the straightjacket 
that we have all been in up to now—using only the single 
parameter of exercise stress testing. And, of course, all of the 
studies had slightly different protocols and looked at slightly 
different parameters. Some did Holter monitoring and some 
did not. 


In general, it's very difficult to draw definite conclusions. 
The clinical trials to date are small. Most, but not all, are 
randomized and blind; some, but not all, stopped other med- 
ications. Most of them used only 1 or 2 doses, and they were 
low doses. One of the things that's not an issue among the 
_ panel is that if you titrate transdermal nitroglycerin, every 
one of us is astounded at the doses we can reach. It's some- 
thing I did not foresee when we started this research. Clearly 
there is not only great interpatient variability in the ability 
to receive nitroglycerin, but patients also have an enormous 
ability to receive nitroglycerin, so that the maximal tolerat- 
ed dose has been surprisingly high. Regarding patient satis- 
faction and physician satisfaction, these are very soft data. 
We all agree on that and, I am afraid that as much as one would 
like to, it's difficult to find any significant way of interpret- 
ing this. We can, however, try to get a feel for what the soft 
data indicate. Most of the studies do keep angina counts, 
angina attack diaries and nitroglycerin counts, and many of 
them are favorable. 


So there is more than a suggestion that patches are effec- 
tive in certain groups of patients. I think the challenge of the 
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next couple of years is, first, to find out if this is true in few, 
some or many patients. In addition, we will need to address 
such issues as proper dose, proper method of administra- 
tion—nitrate-free interval or otherwise—and the proper 
endpoints to use. Should the method to assess efficacy be 
stress testing, should it be measurement of silent ischemia, 
should it be something else entirely? I think we have to 
conclude that we still have a great deal of work to do in this 
area to arrive at any definite conclusions, but hopefully we're 
on the way to resolving many of these problems. 
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CME Test 1A 


Symposium on Transdermal Nitroglycerin 


. What percentage of episodes of myocardial ischemia on 
24-hour ambulatory electrocardiographic monitoring is 
asymptomatic? 

a) about 10% 

b) about 25% 

C) about 50% 

d) 66 to 7596 


. Episodes of silent ischemia on ambulatory electrocardio- 
graphic monitoring have median duration measured in: 

a) seconds 

b) minutes 

C) hours 

d) none of the above 


. A large proportion of episodes of silent ischemia on am- 
bulatory electrocardiographic monitoring occur during: 

a) heavy physical exertion 

b) modest physical exertion 

c) anxiety 

d) none of the above 


. Episodes of silent ischemia seen during ambulatory elec- 
trocardiographic monitoring tend to be most prominent: 
a) during the first 4 to 6 waking hours of the day 

b) immediately after meals 

C) in the early evening 

d) during night time hours 


. Hemodynamic events occurring at or before the onset of 
episodes of silent electrocardiographic ischemia almost 
invariably include: 

a) increases in blood pressure 

b) increases in heart rate 

C) increases in both heart rate and blood pressure 

d) none of the above 
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6. 


10. 


Cornell University Medical College designates this continuing medical education activity for 5 credit hours in Category 1 of the 
Physician's Recognition Award of the American Medical Association. Answers are to be marked on the sheet on page 53l. 


Drug delivery with transdermal nitroglycerin patches de- 
pends on: 

a) location of the patch 

b) characteristics of the patient's skin 

C) skin blood flow 

d) none of the above 


. Possible reasons for inconsistent results regarding effica- 


cy of transdermal nitroglycerin patches include: 

a) small number of patients studied per trial, averaging 10 
to 15 patients per study 

b) use of maximal or submaximal stress testing rather 
than anginal attack rate or other ambulatory measure 
of efficacy 

C) possible attenuation or tolerance with continuous use 
of nitroglycerin 

d) all of the above 


. Hemodynamic effects of organic nitrates include: 


a) direct venodilation at low plasma concentrations 

b) direct arteriolar dilation at higher plasma and tissue 
concentrations 

C) coronary vasodilation 

d) all of the above 


. Nitrates: 


a) decrease endothelial cell production of prostacyclin 

b) interact with sulfhydryl groups on nitrate receptors on 
cell membranes 

C) are excreted by the kidney 

d) all of the above 


Oral nitrates: 

a) must be given in large doses to overwhelm hepatic 
first-pass enzymatic breakdown 

b) often must be administered in doses higher than rec- 
ommended by manufacturers 

c) have been associated with partial tolerance 

d) all of the above 
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12. 


13. 


14. 


15. 


16. 


CME Test A^ 


Transcutaneous nitroglycerin, either ointment or patches, 

should be administered: 

a) through the skin of the anterior chest wall or proximal 
aspect of the upper limbs 

b) at the same skin site day after day 

c) at relatively low dose to avoid tolerance 

d) all of the above 


Noncardiac effects of nitroglycerin include: 
a) increased gastrointestinal motility 

b) decreased esophageal spasm 

c) pulmonary bronchoconstriction 

d) none of the above 


Adverse effects occasionally seen with nitroglycerin in- 
clude: 

a) worsening angina from reflex tachycardia 

b) increased intracranial pressure 

c) mild nausea 

d) all of the above 


Silent myocardial infarction: 

a) occurred in 1596 of middle-aged men in Framingham 

b) made up 15% of transmural myocardial infarcts in 
Framingham 

C) occurs more often than myocardial infarction with 
symptoms in middle-aged American men 

d) none of the above 


Episodes of transient asymptomatic ST depression on 

ambulatory monitoring: 

a) have been associated with perfusion defects on rubidi- 
um or thallium scanning when done during the episode 

b) are often related to electrolyte abnormalities 

c) have been shown to be artifactual and related to moni- 
toring equipment in many cases 

d) all of the above 


In various autopsy and angiographic studies, the incidence 
of significant coronary artery disease in asymptomatic 
and presumably healthy American men is about: 


17. 


18. 


19. 


20. 


a) O to 296 
b) 2 to 596 
c) 5to 896 
d) 8to 1096 


Diminution of some of nitroglycerin's effects when admin- 

istered chronically is likely to be: 

a) attenuation, not true tolerance, because responsive- 
ness to a ‘‘bolus”’ or acute increase in blood level (e.g., 
with an additional sublingual nitroglycerin) still persists 

b) less prominent for venodilating effects than other he- 
modynamic effects (i.e., reduction of preload persists 
even with prolonged and continuous usage) 

C) overcome by titrating and increasing the dose of nitro- 
glycerin 

d) all of the above 


Possible strategies to overcome potential nitroglycerin 

attenuation or tolerance include: 

a) increase in dosage when used chronically 

b) a nitrate-free interval 

c) reliance on transdermal nitroglycerin for less than 24 
hours 

d) all of the above 


N-acetylcysteine: 

a) has no hemodynamic effect of its own 

b) potentiates activation of guanylate cyclase by nitro- 
glycerin, perhaps by making more reduced sulfhydryl 
groups available 

c) enhances nitroglycerin's vasodilator effects 

d) all of the above 


A nitrate-free interval: 

a) has been shown effective in a few small studies in 
restoring exercise response to various nitroglycerin 
preparations including continuous long-acting isosor- 
bide and transdermal nitroglycerin 

b) may require a substitute antiischemic agent during the 
interval, although definitive testing of this possibility is 
not available 

c) may allow release of nitroglycerin from oxidized re- 
ceptors, and thus spontaneous reduction of the recep- 
tors, to restore nitroglycerin responsiveness 

d) all of the above 
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Return with a check for $12.00 payable to ‘‘Cornell CME” to: 


Cornell Transdermal Nitroglycerin 12 

Office of Continuing Medical Education, Starr 4 
Cornell University Medical College 

1300 York Avenue 

New York, NY 10021 


Block out the letter or letters that you consider the suitable choice for each question. 
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Introduction 


SCOTT M. GRUNDY, MD, PhD 


In recent years there has been increasing interest in 
the role of plasma cholesterol and lipoproteins in the 
causation of coronary artery disease (CAD). The rela- 
tion between a high level of plasma cholesterol and 
rates of CAD is now well established. There is also 
growing evidence that specific lipoproteins are in- 
volved in the atherogenic process. For instance, the 
low density lipoproteins (LDLs) have been identified 
as the most highly atherogenic of the lipoproteins. The 
high density lipoproteins actually may be antiathero- 
genic, as high levels of high density lipoproteins ap- 
pear to be protective against CAD. 

The relation between the plasma lipoproteins and 
CAD has been established mainly through epidemio- 
logic studies. On the basis of these studies, general 
recommendations have been made about changes in 
diet and life-style that will modify the metabolism of 
lipoproteins and thus may protect against atheroscle- 
rosis. However, many investigators have been uncom- 
fortable with recommendations made without proof 
that actual modification of lipoprotein levels will alter 
the risk for CAD. In recent years, several clinical trials 
have provided supporting evidence that “favorable” 
alterations in lipoprotein levels actually decrease the 
risk for CAD. Of particular importance was the recent 


From the Departments of Internal Medicine and Biochemistry and the 
Center for Human Nutrition, University of Texas Health Science Cen- 
ter, Dallas, Texas 75235. 
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Lipid Research Clinics Coronary Primary Prevention 
Trial. This trial demonstrated that lowering of LDL 
levels does decrease rates of CAD. This finding has 
greatly stimulated interest in prevention of CAD 
through alteration of cholesterol (and LDL) levels. 

In the wake of this trial, the National Institutes of 
Health convened a Consensus Conference on Choles- 
terol, which resulted in the issuance of a report indi- 
cating that elevated cholesterol levels are a significant 
risk factor for CAD. Further, it was recommended that 
both physicians and the general public take steps to 
reduce cholesterol levels, focusing in particular on pa- 
tients with elevated levels. 

In light of this, several distinguished physicians, 
laboratory directors and biochemists were invited to 
address critical issues in the evaluation of patients 
suspected of having lipid disorders and in the inter- 
pretation of laboratory values for these individuals. 
Specific questions addressed by the panel included: 
what are lipoproteins and how should they be tested; 
what is the reliability of lipoprotein testing; what 
should be considered a normal range for plasma lipids 
and lipoproteins; and, finally, who should be tested 
and how should results be interpreted? 

It is the intent of this symposium supplement to 
provide a discussion of the problems confronting the 
clinical laboratory in the accurate measuring of lipids 
and lipoproteins, and in the reporting of these values 
in a useful way to the physician. 
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Classification and Structure of Lipoproteins 


Wir ANTONIO M. GOTTO, Jr., 


The lipoproteins were first discovered in the late 1920s 
by Macheboeuf who used ammonium sulfate precipi- 
. tation to separate and fractionate the lipoproteins.! In 
— the 1940s, they were further studied, first by Oncley 
£ and his group at Harvard, using Cohn fractionation, 
. and later by Gofman and associates at the Donner 
Laboratory in California. Gofman et al? used analyti- 
cal ultracentrifugation to separate the lipoproteins 
— based on their rate of flotation in the ultracentrifuge. 
P In the mid-1950s, Havel, Eder and Bragdon? intro- 
duced preparative ultracentrifugation, which remains 
the classic way of separating the plasma lipoproteins. 
— In the 1960s, Hatch and Lees used albumin in buffer, 
= which resulted in a much cleaner separation of the 
Buone on paper electrophoresis. This technique 
-was subsequently adopted by Fredrickson, Levy and 
- Lees who used electrophoresis along with prepara- 
. tive ultracentrifugation and heparin manganese pre- 
"E Sibipitation as the basis of a system for phenotyping the 
rip lipoproteins. 
-= The introduction of a simple system for classifying 
plasma lipoprotein disorders based on phenotypes 
helped to generate an outburst of interest in research 
in the plasma lipoprotein field (Table I). More recent- 
ly, zonal centrifugation for dividing lipoprotein classes 
into subgroups and the use of monoclonal antibodies 
to identify apolipoproteins have been introduced. 
— The plasma lipoproteins are macromolecular com- 
- plexes held together by noncovalent, primarily hydro- 
. phobic, forces, and serve as the carriers of lipid in 
— plasma. With the exception of the fatty acids, which 
. are carried by albumin, all of the plasma lipids are 
transported in association with plasma lipoproteins. 
One of the functions of this group of particles is to 
- serve as a detergent to solubilize and protect the wa- 
ter-insoluble lipids—cholesteryl esters and triglycer- 
ides—as they are carried in the blood. The major lipid 
components of the plasma lipoproteins are phospho- 
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lipids, cholesterol, cholesteryl esters and triglycerides. 
Table II lists the composition of each lipoprotein class. 
The protein components are called apolipoproteins. 

Lipoproteins appear as spherical particles, with the 
water-insoluble lipids at the center or core, when ob- 
served with the electron microscope. They are sur- 
rounded by a surface monolayer consisting of the apo- 
lipoproteins and the polar parts of the phospholipids. 
It is believed that cholesterol lies somewhere between 
the surface monolayer and the central core of the neu- 
tral lipid (Fig. 1). The apolipoproteins seem to contain 
specific lipid-binding regions called amphipathic he- 
lixes; apparently, these are the sites that serve for 
interaction in binding between the apolipoprotein and 
the phospholipid. 

Five major classes of the plasma lipoproteins have 
been identified (Table II). The basis for their classifi- 
cation and separation remains the ultracentrifuge and 
electrophoresis. Chylomicrons are the largest of the 
particles, and are made in the gut. They reach the 
circulation by the lymphatic system and carry the 
dietary triglyceride and cholesterol. 

The next largest particles are the very low density 
lipoproteins (VLDLs), which are made in the liver. 
They carry triglyceride and cholesterol, are synthe- 
sized within the body and serve as a major transport 
system for the endogenously synthesized triglycerides. 
On electrophoresis, VLDLs lead the beta globulins in 
migration; thus, they are also called the pre-@ lipopro- 
teins. 

Smaller than VLDLs, the intermediate density lipo- 
proteins are the family between VLDLs and low densi- 
ty lipoproteins (LDLs). It is thought that they repre- 
sent intermediate stages in the conversion of VLDLs 
to LDLs. 

The fourth group, and one of the most significant 
with regard to arteriosclerosis, is the LDLs. LDLs are 
the major cholesterol carriers in the blood, and are 
synthesized primarily in the liver. Their major protein 
constituent is apolipoprotein B. The LDLs migrate 
with the 8 globulins and are also called 6 lipoproteins. 

'The fifth family of lipoproteins is the high density 
lipoproteins (HDLs). They are also called o lipopro- 
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TABLE! Hyperlipoproteinemia Phenotype Definitions and Their Association with Genetic and Other Disorders 
Laboratory Associated Conditions Associated with 
Phenotype Common Name Definition Genetic Disorders Secondary Hyperlipoproteinemia 
Type ! Exogenous hyperlip- | Hyperchylomicronemia and Familial LPL deficiency Dysglobulinemia, pancreatitis, 
s idemia absolute deficiency of lipo- ApoC-ll deficiency poorly controlled diabetes melli- 
a protein lipase or postheparin tus 
lipolytic activity 
Cholesterol normal 
Triglycerides greatly increased 
Type lla Hypercholesterol- LDLs increased Familial hypercholesterolemia 
emia Cholesterol increased LDL receptor abnormal 
Triglycerides normal Familial combined hyperlipid- 
emia Hypothyroidism, acute intermit- 
Polygenic hypercholesterol- tent porphyria, nephrosis, idio- 
emia pathic hypercalcemia, dysglobu- 
linemia, anorexia nervosa 
Type llb Combined hyperlip- LDLs increased Familial hypercholesterolemia 
idemia VLDLs increased Familial combined hyperlipid- 
Cholesterol increased emia 
Triglycerides increased 
Type Ill Dysbeta-lipoprotein- ^ Floating S-lipoproteins Familial dysbeta-lipoprotein- Diabetes mellitus, hypothyroid- 
emia VLDL cholesterol/VLDL tri- emia ism, dysglobulinemia (mono- 
glyceride 270.35 clonal gammopathy) 
ApoE-Il homozygote on iso- 
electric focusing 
Cholesterol increased 
E Triglycerides increased 
Type IV Endogenous hyper- VLDLs increased Familial hypertriglyceridemia Glycogen storage disease, hypo- 
lipidemia Cholesterol normal or in- Familial combined hyperlipid- thyroidism, disseminated lupus 
creased emia erythematosus, diabetes melli- 
Triglycerides increased tus, nephrotic syndrome, renal 
failure, ethanol abuse 
Type V Mixed hyperlipid- Chylomicrons and VLDLs in- Familial hypertriglyceridemia Poorly controlled diabetes melli- 


creased 
LDLs present but reduced 
Cholesterol increased 
Triglycerides greatly increased 


emia Familial multiple lipoprotein- 


type hyperlipidemia 


tus, glycogen storage disease, 
hypothyroidism, nephrotic syn- 
drome, dysglobulinemia, preg- 
nancy, estrogen administration 
(either contraceptive or thera- 
peutic) in women with familial 
hypertriglyceridemia 


LDL = low density lipoprotein; VLDL = very low density lipoprotein. 


From Gotto AM. Practical approach to phenotyping hyperlipoproteinemia. In: Kligfield PD, ed. Cardiology Reference Book. New York: CoMedica, 
1984: 46-47. 


TABLE || Chemical Composition of Normal Human Plasma 


Lipoproteins 







Surface Components (mol9?6) Core Lipids (mol 96) 


Phospholipids 


Triglyceride 


Phos- 
Chol- pho- Apo-  Triglyc- Cholesteryl 

esterol* lipids proteins  erides esters paar 
Chylomicrons 35 63 2 95 5 Abo 5 Ka sro fanow 
VLDL 43 555700 76 24 dr ion i 
IDL 38 60 2 78 22 j 
LDL 42 58 0.2 19 81 csi 
HDL» 22 75 2 18 82 
HDL3 23 ° 72 5 16 84 


Polar 
Shell 

* May be distributed between the surface and core and, in the case 

of large chylomicrons, more cholesterol may be in the core than on 

the surface. 

HDL = high density lipoprotein; IDL = intermediate density lipopro- 
tein; LDL — low density lipoprotein; VLDL — very low density lipopro- 
tein. 

From Smith LC, Massey JB, Sparrow JT, Gotto AM Jr, Pownall HJ. 





Structure and dynamics of human plasma lipoproteins. In: Pifat G, 
Herak JN, eds. Supramolecular Structure and Function. New York: 
Plenum, 1983: 213. 


FIGURE 1. Model of lipoprotein [a] molecule illustrating the spatial 
relation of the neutral lipid core to the polar lipid shell. Courtesy 
Baylor College of Medicine. 
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teins because they migrate with the a globulins. The 
HDL family members are relatively rich in protein; 
they contain approximately one-half protein and one- 
half lipid, by weight. The major lipid constituents are 
phosphatidylcholine or lecithin and cholesteryl ester. 
They are subdivided into 2 categories, HDL and 
HDLa. This subdivision may be important in relating 
the relative protection of HDLs to coronary artery 
disease. 
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Relation of Elevated Blood Lipid Levels to Development 
of Atherosclerotic Plaques 


WILLIAM C. ROBERTS, MD 


At least 6 factors indicate that elevation of the blood 
cholesterol level (particularly the low density lipopro- 
tein [LDL] component that is reflected by the plasma 
or serum total cholesterol) is essential for the develop- 
ment of arterial atherosclerotic plaques large enough 
to cause organ ischemia: 


1. Atherosclerotic plaques in both human and non- 
human animals contain cholesterol esters; 

2. Atherosclerotic plaques can be produced in cer- 
tain nonhuman animals (e.g., baboons, monkeys, 
rabbits) by feeding these animals diets high in 
cholesterol and saturated fats; 

3. In nonhuman animals that have developed 
atherosclerotic plaques as a result of being fed 
diets high in cholesterol and saturated fats, the 
atherosclerotic plaques regress when the ath- 
erogenic diet is discontinued; 

4. Persons who have extremely elevated total serum 
cholesterol levels (2500 mg/dl), in which the 
dominant component is LDL cholesterol, have 
extensive atherosclerosis at an early age. (These 
persons have homozygous type II hyperlipopro- 
teinemia.) Without effective lipid-lowering ther- 
apy, these persons usually die from consequences 
of severe atherosclerosis before the age of 20. In 
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other words, when the LDL is greatly elevated, 
the amount of atherosclerotic plaque is extensive 
and develops at an early age. The greater the 
quantity of LDL cholesterol in the blood, the 
greater the quantity of atherosclerotic plaque on 
the arterial wall. 

5. Individuals with low («150 mg/dl) total serum 
cholesterol levels have no or insignificant 
amounts of atherosclerotic plaques. Necropsy 
studies of the coronary arteries, aorta and circles 
of Willis in populations with total serum choles- 
terol levels «150 mg/dl (from certain parts of 
Asia and Africa) have demonstrated few or no 
atherosclerotic plaques. 

6. Lowering the blood cholesterol level, when it has 
been significantly elevated, has been demon- 
strated to lower the frequency of development of 
symptomatic or fatal coronary events. The Lipid 
Research Clinics Coronary Primary Prevention 
Trial has unequivocally demonstrated that when 
the plasma total cholesterol is lowered in persons 
with high levels (2265 mg/dl), the frequency of 
fatal and nonfatal myocardial infarction, sudden 
coronary death, angina pectoris, positive exercise 
stress test and need for coronary artery bypass 
surgery is reduced.! 
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Discussion 


Dr. Grundy (Dallas, Texas): Dr. Gotto, could you summa- 
rize the major points that clinicians should be aware of 
concerning lipoproteins? 


Dr. Gotto (Houston, Texas): The physician needs to know 
which lipoprotein families are associated with coronary dis- 
ease and which are relatively protective against it. Dr. Rob- 
erts mentioned the strong evidence associating high levels of 
low density lipoprotein with the prevalence and severity of 
coronary artery disease. There is an inverse relation that is 
now well known and well characterized between high density 
lipoproteins and coronary disease. 


Beyond that, I think that the physician needs to know that 
chylomicrons are the particles that carry the dietary triglyc- 
eride and that they may be elevated in some individuals 
after a fatty meal. The triglycerides that are made in the 
body are carried in the very low density lipoproteins. So if 
one eliminates chylomicrons, a measurement of triglyceride 
is primarily associated with the level of the very low density 
lipoproteins. 


Dr. Grundy: Dr. Cooper, did you have a comment? 


Dr. Cooper (Atlanta, Georgia): Yes. Both Drs. Gotto and 
Roberts mentioned the risk associated with most of the 
lipoproteins, but the risk associated with very low density 
lipoproteins, cholesterol and cholesterol remnants was not 
mentioned. I wonder if very low density lipoprotein and 
triglycerides are associated with coronary artery disease 
risk, through the low density lipoprotein cholesterol as well 
as through the increased metabolic reactions? 


Dr. Gotto: Yes, I think that while triglyceride as an inde- 
pendent risk factor has not been definitively proven in epi- 
demiologic studies, elevations of triglyceride are associated 
with other factors and metabolic problems that we know are 
themselves associated with an increased risk of coronary 
disease. There is also a statistically reciprocal relation be- 
tween triglycerides and high density lipoprotein. The higher 
the triglyceride factor, the relatively lower the concentration 
of high density lipoprotein. It is possible to factor out triglyc- 
erides in a multifactorial analysis, but it does not necessarily 
mean a high level is safe. But the risk of triglycerides is 
probably related to other metabolic problems, which them- 
selves predispose a person to increased risk of coronary dis- 
ease progression. 


Dr. LaRosa (Washington, D.C.): We have to consider 
when intervention is necessary in patients whose cholesterol 
levels are elevated. We Have known for some time that there 
are early lesions in adolescents and in young adults that do 
not have the same complexity as arteriosclerotic lesions in 
older people do. Can you tell us whether those lesions do, in 
fact, progress? Does the presence of lesions provide us with 
any guidance about whether or not we should be considering 
intervention in young adults? 


Dr. Roberts (Bethesda, Maryland): We have found lipid 
lesions in teenagers and adults in central Africa. These teen- 
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agers had very low cholesterol levels, generally about 100 or 
110 mg/dl. In the United States, the occurrence of lipid 
lesions in teenagers is relatively common. These lipid lesions 
do not progress to fibrous or complicated plaques in the 
population groups where the total cholesterol levels are 110 
or 120 or certainly under 150 mg/dl. In most people in this 
country, fibrous lesions begin developing in coronary arter- 
ies during adolescence, whereas they do not in those popula- 
tions where the lipid levels are low. I am not convinced, 
however, that these minor lipid lesions are really precursors 
of the plaques that become large enough to narrow arteries. 


It is important to realize that atherosclerosis is an intimal 
lesion and that these early plaques contain a great deal of 
lipid. On the other hand, in the person aged 70 who has a 
fatal acute myocardial infarction or sudden coronary death, 
the dominant component of the arteriosclerotic plaque is not 
lipid, but collagen. 


Dr. Grundy: Dr. Gotto, you have already identified low 
density lipoprotein as the major atherogenic lipoprotein. We 
know of the exciting finding that most of the low density 
lipoprotein is removed from the circulation by receptors on 
the surface of cells. What role do you think these receptors 
play in the development of arteriosclerosis or in the overall 
causation of high cholesterol levels? 


Dr. Gotto: I think that the low density lipoprotein recep- 
tor or the specific low density lipoprotein receptor as it was 
first discovered by Brown and Goldstein! plays primarily a 
protective role by lowering the level of low density lipopro- 
tein and low density lipoprotein cholesterol circulating in 
the blood. There is a nonspecific pathway, in which choles- . 
terol and low density lipoprotein are removed, but probably 
one-half to two-thirds of the low density lipoprotein and 
low density lipoprotein cholesterol are removed via the 
specific pathway. This receptor may be affected by diet, 
drugs and various factors that alter the intracellular level of 
cholesterol. 


For example, one lipid-lowering agent pulls out the bile 
acids from the intestine into the stool. By lowering the level 
of bile acids, the level of cholesterol decreases within the cell, 
within the liver. The cell responds to this decrease in intra- 
cellular cholesterol, we believe, by making more receptors, 
and as it makes more receptors, the liver is able to pull more 
low density lipoprotein out of the blood. So, the type of diets 
or types of medications that decrease the level of cholesterol 
within the liver would be expected to increase in the activity 
of the low density lipoprotein receptor, and decrease the 
concentration of low density lipoprotein. Then, based on the 
cholesterol or lipid hypothesis, as stated by Dr. Roberts, this 
would decrease the risk of cholesterol and low density lipo- 
protein deposition in arteries. A 
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Reliability of Lipid and Lipoprotein Testing (1) 


HERBERT K. 


'The accuracy and precision (within-day and day-to- 
day reproducibility) of lipid and lipoprotein tests 
must be considered in addressing the question of reli- 
ability. Most analytical variance is classified as either 
systematic or random. Systematic variance includes 


variations that influence observations consistently in 


one direction or another. Systematic variance may 


arise from either natural or man-made events of which 


the investigator may or may not be aware. The sources 
of systematic variance are aging, personal bias of the 


analyst, laboratory bias, inter- and intraindividual 


bias and experimental error. 


Random variance includes variations whose sources 


— cannot be completely identified and controlled and 
- are considered to be due to chance. The fluctuations 
— may be in either direction (i.e., positive or negative 
- bias). The chance for random error may be affected by 


the quality and source of reagents, the number and 
complexity of the steps in a procedure and the skill of 


. the analyst performing the test. An example of this 
. would be analyses of the same specimen, made in ex- 


actly the same way by the same analyst, yielding dif- 
ferent results. 

A system is said to be in a state of statistical control 
. when systematic variance, random variance and the 


— interaction between the sources of variance have been 
— evaluated and judged to be within acceptable limits. 


This does not eliminate all the variability in the data, 


aem 
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but the remaining variance is considered unimportant 
. and reasons for its occurrence are not sought. 


The reliability of lipid and lipoprotein testing can be 


addressed by examining survey data. Most laborato- 


ries are enrolled in proficiency testing. Two major 


— organizations testing laboratory proficiency are the 


College of American Pathologists and the Centers for 
Disease Control (CDC). The precision or reproducibil- 
ity of an assay can be readily assessed by the laborato- 
ry performing the test. Most total cholesterol assays 
today have within-day precision of <4% (coefficient of 


- variation [CV]) while day-to-day precision is slightly 
higher, etg., about 3 to 6% CV. With a great amount of 
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care, one can achieve a within-day precision of <2% 
and a day-to-day precision of <3%.! 

'The CDC has proposed a modification of the proce- 
dure of Abell et al? for use as a reference method for 
cholesterol. This method includes hydrolysis of the 
cholesteryl esters, extraction with petroleum ether 
and color development with acetic acid-acetic anhy- 
dride-sulfuric acid reagent. With proper equipment 
and good technical skills, this procedure can be used to 
produce accurate, precise results. The alterations re- 
cently instituted allow for simultaneous analysis of a 
greater number of samples than was previously possi- 
ble, using improved instrumentation. The CDC still 
utilizes this method for the assignment of “target val- 
ues" on serum-calibrating materials and on quality 
control materials. 

One way to examine how accurately laboratories 
perform lipid analyses is to look at proficiency surveys. 
The 1974 findings of the CDC proficiency testing pro- 
gram indicated that a large variation in results was 
obtained when assayed serum samples were sent to 
263 licensed clinical laboratories, 250 volunteer clini- 
cal laboratories and 80 reference laboratories for total 
cholesterol and triglyceride determinations. Values 
varied by as much as +20 to 30 mg/dl for cholesterol 
and +25 to 40 mg/dl for triglycerides. This suggests 
that accuracy still poses a problem. 

Data from the College of American Pathologists 
suggest that the precision of total cholesterol and tri- 
glyceride methods has improved over the years, but 
accuracy and interlaboratory comparability are still 
problematic. A recent College survey suggests that 
interlaboratory comparability can be further im- 
proved. For example, the mean range in values for a 
single cholesterol specimen was 298 + 28.5 to 376 + 
17.1 mg/dl (mean + standard deviation). Triglyceride 
values ranged from 260.4 + 43.8 to 362.5 + 51.2 mg/dl 
for 1 specimen, and from 197.6 + 30.5 to 282.1 + 32.7 
mg/dl for another. The high density lipoprotein cho- 
lesterol results (Table I) are also a problem; the range 
of 25.5 + 2.7 to 30.7 + 4.8 mg/dl represents about a 20% 
difference. 

These large deviations in values clearly indicate the 
need to improve the accuracy, precision and interlab- 
oratory comparability of lipid and lipoprotein assays. 
With more than 95% of clinical laboratories perform- 
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ing cholesterol determinations by enzymatic means, a 
multitude of instrumentation/enzymatic reagent com- 
binations are contributing to the variability of values. 
Previous surveys have demonstrated that the method- 
ology, reagent source, instrumentation, standardiza- 
tion technique, type of standard or calibrator used can 
affect the accuracy and precision of interlaboratory 
cholesterol measurements.*4 


Standardization of Lipid Research Clinics’ Data 


Interlaboratory performance can be significantly 
improved when a common standardization material is 
used. This was clearly proved when the CDC assisted 
in standardizing the 12 Lipid Research Clinics (LRC) 
to help minimize interlaboratory and intralaboratory 
variability. The 12 LRC laboratories used identical 
methods, standards, calibrators, internal quality con- 
trol procedures and blind external surveillance meth- 
ods. The results were compared with the reference 
cholesterol method.? The LRC laboratories also used 
the same sequence of standards and common proce- 
dures for instrument start-up, instrument calibration 
and analysis. The average cholesterol bias for the 12 
laboratories was —1.3% and ranged from —0.5 to 
—2.0% when compared with the reference values of 
Abell et al.? The overall results indicated that a high 
degree of accuracy, precision and interlaboratory com- 
parability was achieved through the rigorous stan- 
dardization and control of the entire analytical proce- 
dure in the LRC laboratories. In addition, the average 
bias was very small and probably approaches the prac- 
tical limits of accuracy that can be achieved in any 
collaborative multilaboratory study. 

The results show that collaborative studies involv- 
ing laboratories throughout the country can be done in 
such a way that resulting data can be legitimately 
pooled for analysis. Care must be taken in standardiz- 
ing methodology, evaluation criteria, control pools, 
calibration material, etc. Internal and external quality 
control programs should also be implemented to moni- 
tor and assess the performance and comparability of 
various laboratories. 


Reliability of High Density Lipoprotein 
Cholesterol Measurement 


The CDC published a survey report that examined 
130 laboratories in relation to their methods and per- 
formance in measuring high density lipoprotein cho- 
lesterol.® Of the 130 participating laboratories, 79 were 
classified as medical service, 12 as commercial analyti- 
cal service, 8 as manufacturer research and develop- 
ment, 18 as lipid research and 12 as LRC laboratories; 
one was the CDC Lipid Reference Laboratory. Thus, 
about 60% of the reported results were generated from 
clinical laboratories performing diagnostic services in 
medical clinics or hospitals. The findings suggest that 
high density lipoprotein cholesterol testing is not sat- 
isfactory in many laboratories. Although most survey 
laboratories demonstrated adequate precision, 53% of 
the mean results deviated from the mean (34.5 mg/dl) 
of the low level high density lipoprotein cholesterol 
pool by >7.5% (CV). Thus, accuracy was inadequate 
for most laboratories. Over the entire range of high 
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TABLE! College of American Pathologists Comprehensive —. 


Survey (1984 participant summary) 
Constituent Labs CV 
Method/System (n) Mean SD (96) 


Specimen C-24 


HDL cholesterol (mg/dl) 


Herparin/Mn/Ca W/Enz Quant 113 2.307 48 15.5 
Phos/mg with Enz Quant 998 27.4 42 152 
Phos/mg Non-Enz Quant 29 28.1 5,09; 208 
Dextran sulfate (500,000#MW)/mg 188. .25.5 —2.7. "dT. 
Dextran sulfate (50,000#MW)/mg 32 269 30 11.0 
Dextran sulfate (other MW)/mg 149 26.7 4.0 15.0 
Electrophoresis-densitometer 99 32.7 7.4 226 
All method principles 1642 276 4.5 163 


CV = coefficient of variation; HDL = high density lipoprotein; SD = 


standard deviation. 
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density lipoprotein cholesterol concentrations (34.5 to © 


59.6 mg/dl) used in the survey, 62% of the laboratories — 


had a mean difference for one or more pools that ex- 


3 


ceeded 7.5% of the overall mean, while 50% of the . 
laboratories exceeded 10% of the overall mean on one © 
or more pools. Wide laboratory variation in results with- 

in some facilities suggests that poor analytical technique — 
was responsible. The data also implied that some labora- - 


tories did not, or could not, calibrate properly. 


Clear-cut differences owing to the methodologies — 


used were not defined, with the exception of the elec- | 


trophoresis procedures, which were imprecise and dif- 


fered widely among laboratories. The CDC concluded | 
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that considerable improvement in high density lipo- _ 
protein cholesterol measurement is needed by many > 


laboratories. 


One of the major problems in many laboratories is — 


the lack of appropriate reference material to use in © 


determining the accuracy of their methods. In this 
respect, the CDC has been an invaluable resource as a 
lipid reference laboratory. The major thrust in their 


cholesterol and triglyceride standardization program, . 
begun over 2 decades ago, was to ensure that the lipid - 


and lipoprotein chemistries of the laboratories partici- - 


pating in the LRC program were rigorously standard- . 


ized in terms of accuracy and precision. Since then, the - 


CDC has allowed other, non-LRC centers to partici- — 


pate in its standardization and certification program — 
and has offered its assistance in solving analytical er- — 


rors to many nonparticipating members. Assayed, 


pooled control sera with “target values” established by - 
reference procedures (and recently cross-checked by | 
definitive methodology) are available for those who- 


> 


wish to determine the accuracy of the lipid tests used — 


in a laboratory. Acknowledging the data of the 1980 


CDC report? on high density lipoprotein cholesterol — 


measurements, the CDC has begun a standardization 
and certification program to include high density lipo- 


protein cholesterol measurements to help reduce the — 


errors associated with this test. This undertaking is 
important because many clinical laboratories use nor- 
mal ranges or coronary artery disease risk tables based 
on the LRC studies. 


The low density lipoprotein cholesterol/high densi- if 


ty lipoprotein cholesterol ratio for coronary artery dis- 
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-~ ease risk was developed from the Framingham data 
-  base.75 The methods used in the Framingham studies 
. . were rigorously standardized by the CDC. The mean 
_ difference in plasma high density lipoprotein choles- 
. terol concentration between those subjects confronted 
= with coronary artery disease and those apparently 
- normal was about 4.3 mg/dl. This small difference 
_ between the 2 populations highlights the importance 
of ensuring that the high density lipoprotein choles- 
terol method is highly precise so that analytical tests 
reveal the true sensitivity and specificity of the meth- 
od. In addition, because the high density lipoprotein 
cholesterol determination, high density lipoprotein 
cholesterol/total cholesterol ratio and low density li- 
poprotein cholesterol/high density lipoprotein choles- 
-terol ratio risk tables now being used by physicians are 
- based on the Framingham study, it is essential that 
- clinical laboratories execute high density lipoprotein 
cholesterol determinations with the same accuracy 
and precision. 
- High density lipoprotein cholesterol is generally 
measured as the cholesterol in the supernatant solu- 
~ tion after precipitation of apo 8-containing lipopro- 
teins. According to the College of American Patholo- 
iA gists (Table I), the sodium phosphotungstate method 
— js most commonly used in the clinical laboratory. Dex- 
- tran sulfate with magnesium is another precipitation 
- procedure in use. This method was recently reported 
asa selected method for high density lipoprotein cho- 
__ lesterol testing; it was designed to optimize the condi- 
—. tions for removing low density lipoprotein and very 
- low density lipoprotein, the apo 8-associated lipopro- 
teins, without excessive high density lipoprotein pre- 
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- cipitation.? The dextran sulfate and heparin-MnCl» 
- methods are generally considered the comparison 
methods because previous studies demonstrated good 
- specificity for high density lipoprotein separation.?:!° 
» . Although electrophoresis gives a positive bias (Ta- 
ble I), it is still used as a means of high density lipopro- 
i tein cholesterol quantitation.!! While conceptually it 
has the advantage of simultaneously obtaining the 
p cholesterol concentration in the electrophoretically 
x ^ yeebarated lipoproteins, electrophoresis is inaccurate 
and i imprecise. This methodology should be discour- 
á -aged because of the availability of other more reliable 
. methods. 
| Recently, Warnick et al!? evaluated “‘second genera- 
— tion" high density lipoprotein methods to assess their 
| agreement on normolipidemic specimens, and on spec- 
E imens with high and low concentrations of cholesterol, 
triglyceride and high density lipoprotein. The meth- 
-ods were compared using specimens with a wide range 
— of total cholesterol, triglyceride and high density lipo- 
7 protein cholesterol values. Their study suggested that 
. dextran sulfate, heparin-MnCl; (92 mmol/liter) and 
- phosphotungstate- MgCl. procedures yield similar 
—. results. 

It should be emphasized that high density lipopro- 
tein cholesterol quantitation has 2 stages: isolation of 
the high density lipoprotein and measurement of the 

. cholesterol in the isolated high density lipoprotein. 
"While the first phase can be accomplished relatively 
` easily with care and appropriate precipitating agents, 
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the second phase can cause analytical problems; i.e., 
the salts used can cause interference with the choles- 
terol measurements, depending on the specific meth- 
od selected. 


Reliability of Triglyceride and Low Density 
Lipoprotein Measurement 


The assay of triglycerides poses more problems in 
the general clinical laboratory. Few laboratories in the 
United States correct for free glycerol concentration. 
This has important implications in determining low 
density lipoprotein cholesterol because it is estimated 
from very low density lipoprotein cholesterol. Most 
clinical laboratories, for convenience, indirectly esti- 
mate very low density lipoprotein and low density 
lipoprotein cholesterol using the Friedewald formula, 
which hinges on the assumption that very low density 
lipoprotein cholesterol approximates plasma true tri- 
glyceride divided by 5. From this calculation LDL-C 
can be calculated as LDL-C = total C — (VLDL-C + 
HDL-C), where LDL is low density lipoprotein; C is 
cholesterol; VLDL is very low density lipoprotein; 
HDL is high density lipoprotein. 

There are several technical problems with this tech- 
nique. First, the Friedewald formula does not apply to 
all persons. Second, the formula is based on true tri- 
glyceride determination. Most laboratories measure 
total glycerol and report the value as “triglycerides.” 
These laboratories do not want to measure true tri- 
glycerides because of the cost, inconvenience, time and 
the false assumption that the free glycerol level in the 
blood is small and relatively constant. While most 
nonstressed healthy persons may have free serum 
glycerol concentrations of 8 to 20 mg/dl, it is not un- 
common to find values >75 mg/dl.! Thus, it is easy to 
see that when inaccurate triglyceride values are ob- 
tained, the estimated very low density lipoprotein cho- 
lesterol value is incorrect, leading to inaccurate esti- - 
mates of low density lipoprotein cholesterol. It should 
also be remembered that the Friedewald formula does 
not apply when true triglyceride values are >400 
mg/dl. 

For an accurate triglyceride level, the free glycerol of 
the sample should be subtracted from the total glycer- 
ol (both free and that produced from saponification of 
the triglycerides) by a blanking procedure. Inspection 
of the current proficiency survey of the College of 
American Pathologists indicates that less than 1% of 
the participants correct for free glycerol in the blood. 
Quantitative analysis for triglycerides in serum and 
plasma is commonly done by hydrolyzing the triglyc- 
erides and then determining glycerol enzymatically or 
chemically. When this is done, however, not only glyc- 
erol derived from the triglycerides but also the unes- 
terified “free” glycerol is measured. Either 2 analyses 
must be performed, one before and one after the hy- 
drolysis step, or the 2 serum constituents have to be 
separated by extraction or by solvent partition. 

Glycerol primarily comes from the adipose tissue via 
lipolysis of stored triglycerides. The triglyceride lipase 
that regulates the rate of triglyceride breakdown to 
free fatty acid and glycerol is sensitive to hormones. 
Epinephrine, glucagon, thyroxine and growth hor- 
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mone will potentiate the activity of this enzyme, 
which, in turn, causes more free fatty acid and glycerol 
output into the blood. It is understandable, then, that 
any stressful situation creates a situation in which a 
high free glycerol concentration can occur. Some 
known conditions that can contribute to high glycerol 
levels in the blood are stress (epinephrine effect), 
mannitol infusion, treatment with nitroglycerin, dia- 
betes mellitus, glycerol-coated stopper used in Vacu- 
tainer tubes®, certain liver diseases and hemodialysis 
in cases of renal failure.! Because there is a risk in- 
volved in calculating the free triglyceride concentra- 
tions by using factors of percentages, glycerol blanking 
is necessary for accurate triglyceride analysis. 
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Reliability of Lipid and Lipoprotein Testing (Il) 


JOSEPH E. O'BRIEN, MD 


There is enormous interest in the measurement of 
blood lipids, both by physicians and by patients. Profi- 
ciency testing of laboratories by the College of Ameri- 
can Pathologists and the Centers for Disease Control 
(CDC) has provided a large data base concerning such 
measurements. Examination of these data reveals that 
laboratories perform in an acceptable way. However, 
in the College's surveys, the coefficient of variation 
(CV) for cholesterol measurements averages about 6%. 
A 6% CV means that there is a 95% probability that a 
cholesterol value of 260 mg/dl will be reported be- 
tween 229 and 291 mg/dl. The survey shows further 
that the CV itself may vary from 2.5 to 9.5%, depend- 
ing on the laboratory, method and instruments. A cho- 
lesterol value of 260 mg/dl with a CV of 9.5% will be 
reported in a range of 210 to 309 mg/dl. 

Similar data can be obtained from the CDC's profi- 
ciency testing, where the CV has been reported to 
average from 9 to 10%. At a cholesterol level of 135 
mg/dl, a 10% CV implies reported values ranging from 
108 to 162 mg/dl. The CDC data also show that the CV 
ranged from 3 to 1896 in different laboratories. 

The data are distressing, but physicians and pa- 
tients see less variability in results since, generally, a 
patient's cholesterol is analyzed in a single laboratory, 
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and the precision data from a single laboratory are x 


much better than the proficiency data derived from all 
laboratories. For example, our laboratory performs 


10,000 cholesterol assays a day. Our internal quality - 


control measures indicate that at a level of 150 mg/dl 
our CV is 2.9%. At a level of 325 mg/dl, the CV is 3.5%. 
Therefore, at a level of 200 mg/dl the possible error is" 
+12 mg/dl. i 
High density lipoprotein cholesterol determinations. 
are a greater problem. The CDC data show that for 
high density lipoprotein cholesterol, the CV at a level 
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of 35 mg/dl is 15%. Therefore, throughout the United” 


States, from laboratory to laboratory, a specimen may - 
yield a value of anywhere from 25 to 45 mg/dl. Again, 
the data from a single laboratory are much better. In - 


our laboratory, the CV is 5%, which means that in any - 


particular patient, a value of 35 mg/dl has a 9596 prob- 
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ability of being reported between 31.5 and 38.5 mg/dl. - 


Our laboratory has recently begun to receive re- 


quests for apoprotein testing. The demand is going to - 


increase, but the accuracy and proficiency data indi- 


cate that there are significant problems with the cur- 
rent technology. 
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Clearly, the way tests are standardized needs to be : 
improved. We need to tighten the criteria for accept- - 


able behavior. While the performance within single 
laboratories has been acceptable, the need for stan- 


dardization of our testing methods is evident. Estab- 
lishing an arbitrary position concerning an acceptable - 


CV is one possibility. 








: MER Discussion 


— Dr. Grundy (Dallas; Texas): Dr. O'Brien, how should the 
_ physician interpret a high density lipoprotein cholesterol 
s oue in terms of deciding on a therapy for a patient? Would 

. you recommend that multiple measurements be made be- 
ie fore embarking on some particular therapy? 


Ux Dr. O'Brien (Teterboro, New Jersey): As a general rule, if 
. the physician is going to initiate therapy that will have a 
t . dramatic impact on the patient's life, then it is necessary 
i that a second value be obtained. More than 60% of the time, 
. the range reported will be much better than what I men- 
tioned. But I think it is important that physicians do under- 
dg stand the outside limits of today’s precision. 


h ENS: Dr. Rifkind (Bethesda, Maryland): Within limits, one 
- can tolerate a degree of imprecision in the measurement of 

G total cholesterol that one cannot tolerate in the measure- 
- ment of high density lipoprotein cholesterol. A 5- or 10-mg 
error in total cholesterol can be accommodated. I do not 
. think it is likely to interfere with the diagnostic process and 
3 the levels of risk that are estimated from it, but a corre- 
.. sponding error when you are measuring high density lipo- 
TI protein cholesterol, which has a mean of about 45 mg/dl, can 
gt give a totally unacceptable range of risk. I think physicians 
— ought to realize that reasonable confidence can be placed in 
i the total cholesterol measurement, but in the area of high 
ep density lipoprotein cholesterol, they are susceptible to major 
_ errors in assessing a patient. 


d Dr. Roberts (Bethesda, Maryland): I have 2 questions. 
e as I understand it, the Lipid Research Clinics determi- 
nations were plasma, not serum, values for total cholesterol 
y and low density lipoprotein cholesterol. What is the differ- 
» ince overall in values obtained from serum versus those 
- obtained from plasma, and which of the two is preferable? 
gt cond, I understand that in most studies of systemic hyper- 
e nsion, 3 different blood pressures are taken, and when the 
level i is above a certain number during 2 of those 3 determi- 
4 nations, then the patient is given treatment. I recently exam- 
ag ined the chart of a patient who had 20 total cholesterol 
. values determined in the same hospital over a 1-year period. 
- Those 20 values range from 185 to 240 mg/dl. What is the 
EX _ true value of the total cholesterol in that particular patient? 
Do you average 20 values? How do you handle that type of 
lata? 
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We "2 en Dr. O'Brien: I think that within a single facility the range 
that you describe is too large and unacceptable. I think the 

_ patient's value is probably the same in each analysis, and the 
E. variation you report is a variation in the behavior of the 
. laboratory. In a situation like that, I think that rather than 
_ do something for the patient, we should go to the laboratory 
and see what is wrong. Regarding serum versus plasma, I 

E always speak from the perspective of someone who is inter- 
m -ested it mass screening. We have chosen to do that efficient- 
ly ona multichannel analyzer, and to do that we need serum. 
"x We did a small study that showed that the difference be- 


tween serum and plasma was very small and not clinically 
significant. 


Dr. Rifkind: Perhaps I could speak on the serum-plasma 
differences, as they were systematically evaluated in the 
Lipid Research Clinics program. We chose plasma, not be- 
cause we necessarily advocated it as the ideal for the conven- 
tional clinical context, but because of the specialized studies 
that we performed; in particular, for the more detailed anal- 
ysis of lipoproteins, we had to use EDTA plasma. Because of 
the dilution effect of the EDTA, plasma provides results 
that are approximately 2 to 3% lower than serum values. In 
general, because of convenience considerations and the like, 
one would expect serum cholesterol to be measured much 
more often than plasma cholesterol. 


Dr. LaRosa (Washington, D.C.): Perhaps it might be 
worthwhile to emphasize—for those who deal with patients 
on a day-to-day basis—that besides genetics, diet and the 
general health of the patient, a multitude of other factors are 
important in determining the cholesterol level. A patient's 
cholesterol value can change dramatically in a year. I think 
because of that there is a need to perform at least a few 
cholesterol determinations before deciding that a given level 
is correct for the patient. 


Dr. Rifkind: Several speakers have commented on the 
variations in cholesterol in repeated measurements over 
time. Some of these changes come from diet, concurrent 
medications, such as estrogens in women, and intercurrent 
illness. For example, it is perhaps not well known that cho- 
lesterol levels drop dramatically in the weeks after a myocar- 
dial infarction. The physician can deal with that problem by 
standardizing the conditions under which a cholesterol mea- 
surement is taken. He should ask that the individual be on 
the usual diet, be out of the hospital, not take medications 
that are likely to alter cholesterol levels and that the mea- 
surement, as several speakers have indicated, be done on 2 or 
3 occasions. Under such circumstances, cholesterol levels are 
much less likely to vary and reliable interpretation of them is 
possible. 


Dr. Grundy: I have heard that if you are in a standing or 
sitting position, you will have a higher cholesterol than in a 
prone position? Is that correct? 


Dr. Rifkind: That is correct, and, for example, in the 
Lipid Research Clinics program, where careful cholesterol 
measurements on repeated occasions over many years were 
required, we specified that individuals be recumbent for 
several minutes and that the tourniquet only be applied for a 
limited time. Some precautions along these lines ought to be 
taken in acquiring a sample for cholesterol determination. | 


Dr. Grundy: It is obviously not possible to do ultracentri- 
fugation in clinical laboratories, which might improve accu- 
racy. We are left, therefore, with having to do an estimate of 
the low density lipoprotein cholesterol and, to some extent, 
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of the high density lipoprotein cholesterol. How do the tri- 
glyceride levels affect the measurements and what precau- 
tions should be taken in patients whose triglyceride levels 
are high? 


Dr. Naito (Cleveland, Ohio): Triglyceride levels can af- 
fect the estimation of high density lipoprotein cholesterol 
and low density lipoprotein cholesterol. If the laboratories 
do not remove the chylomicrons, if present, by ultracentrifu- 
gation, one will get a volume displacement problem. There- 
fore, your determination of triglycerides will be inaccurate. 
Second, the Friedewald formula no longer holds in any sam- 
ple with a triglyceride concentration in excess of 400 mg/dl. 
At this point, the institution should try and send the sample 
out to a laboratory where the very low density lipoprotein 
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can be isolated by preparative ultracentrifugation so that a 
more accurate estimation of the low density lipoprotein cho- 
lesterol can be made. In hypertriglyceridemic samples, in 
which one will have increased pre-§-lipoprotein, interfer- 
ence with the precipitation technique can result, which will 
cause erroneous values. 

Finally, most clinical laboratories throughout the country 
still do not measure true triglycerides. Rather, they measure 
total glycerol in the blood and report the values as “triglycer- 
ides.” If a person does this, one cannot estimate very low 
density lipoprotein cholesterol by the Friedewald formula 
because it is based on true triglyceride measurements. This 
means that low density lipoprotein cholesterol estimations 
will be inaccurate and unreliable if one doesn’t correct for 
the free glycerol in the blood. 
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Defining Coronary Risks in a Reference Range 
for Total Cholesterol and Lipoprotein Values: 
i: A Problem Yet To Be Solved 
Ke BRUCE M. McMANUS, MD, PhD 
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The US News and World Report (February 18, 1985) 
contained an article entitled, “The English Language: 
Out to Conquer the World," in which the term "gobble- 
dygook" was defined as that normally occurring, ab- 
normal occurrence." The authors were referring to the 
nuclear industry's conception of something that goes 
prong all of the time. 

_ In some respects, the problem of defining a level of 
cholesterol i in the blood at which physicians should 
intervene and treat a patient is directly related to this 
“normally occurring, abnormal occurrence.” In indi- 
vidual prospective studies and from analysis of pooled 
data from national and international studies, the evi- 
dence for an association between coronary atheroscle- 
rotic disease and elevated blood cholesterol levels is 
very strong.':* However, the specific cholesterol level 
at which physicians should intervene is unclear. This 
isdue i in part to the convention of using various refer- 
ence populations as a basis for reporting laboratory 
cholesterol ranges. 

- The important issue is resolution of the dichotomy 
between the values reported by a clinical laboratory 
for total serum cholesterol (acceptability defined by 
reference ranges) and the values associated with 
increased risk. When should a practicing physi- 
cian intervene? What effect should knowledge of 
the high density lipoprotein level have on physician 
intervention? 

. Let me first address the question of why it is impor- 
tant to have a denotation of risk. The reliability of 
laboratory assays is of concern.’ Unreliability is be- 
coming less of a problem, and, if standardized condi- 
tions are used to obtain the blood sample from the 
patient for determination of lipids, one can assume 
that reasonable and reliable cholesterol levels are mea- 
sured. With reliable levels, one can then discriminate 
between those people who are healthy, and those who 
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are occultly or overtly diseased and require treatment. 
Treatment for familial or nonfamilial hyperlipidemia 
should begin with dietary intervention and increase in 
rigor in accordance with dietary program guidelines 
such as those of the American Heart Association. Only 
when dietary modification has been maximized should 
single or multiple hypolipidemic agents be tried. 

An important question that follows is: On which side 
of the coin does one wish to err? Most authorities now 
agree that somewhere between 25 and 50% of adult 
Americans are recorded as false negatives for hyper- 
cholesterolemia. On the other hand, virtually no one is 
being recorded as a false positive for hypercholesterol- 
emia. This is very worrisome because hypercholester- 
olemia is associated with significant atherosclerotic 
disease. Overlap of the 2 Gaussian curves developed 
from the Framingham data for blood cholesterol levels 
of people who eventually manifest coronary artery dis- 
ease and those who do not does not diminish the con- 
cern.* The fact is that people with a false negative 
classification for hypercholesterolemia are analogous 
to those with unrecognized systemic hypertension. 
Both groups are walking time bombs. 

It is not the fault of the clinical laboratories that, for 
the past 30 years, they have used a reference range for 
defining “acceptable limits” for blood cholesterol. 
Reference ranges are used for all substances measured 
in body fluids, including those in blood. Thus, the use 
of a statistically developed curve to define a popula- 
tion parameter is a traditional laboratory approach. 
The difficulty is that with cholesterol, the level is not 
normal in a great number of people. Confusion arises 
when, for example, a laboratory report is issued with 
no limiting cholesterol value given to denote increased 
risk of atherosclerotic disease. Only an upper limit of 
the reference range is provided, usually between 275 
and 330 mg/dl. What the report means is left to the 
imagination of the clinical physician. When a patient's 
cholesterol level is 275 mg/dl, which is a level consid- 
ered high enough to enter people in the Lipid Research 
Clinics-Coronary Primary Prevention Trial, what is a 
physician te do when the reference range goes to 330 
mg/dl? At a blood cholesterol level of 275 mg/dl, given 
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the quintile information from the Framingham study,‘ 


a person is at a distinctly increased risk for coronary 
artery disease, yet most laboratories in the United 
States would not alert the patient or his physician of a 
need to change the patient’s diet. 

We recently completed a survey of all academic lab- 
oratories in Canada and the U.S.°° We obtained the 
reference ranges for total serum cholesterol or low 
density lipoprotein cholesterol, the source of the refer- 
ence ranges and the level at which these laboratories 
defined an increased risk. The defined upper limit of 

“normal” for total blood cholesterol ranged from 220 
to 330 mg/dl. 

We are left in a bit of a quandry. How can we allow 
reference ranges to stand as they currently are, given 
that they represent the populations sampled, while we 
identify a cholesterol level at which a physician should 
begin to consider intervention? The evidence for an 
association between coronary artery disease and cer- 
tain elevated levels of blood cholesterol is strong 
enough to suggest that if one exceeds 200 to 220 mg/dl 
blood cholesterol, overall, one is at increased risk for 
the development of atherosclerotic disease. Laborato- 
ries must find a better method for denoting risk. 

The percentage distribution of the major lipopro- 
teins in a total cholesterol measurement must be con- 
sidered. The high density lipoprotein cholesterol and 
fasting triglycerides can be used to determine an indi- 
rect estimate of low density lipoprotein cholesterol 
and very low density lipoprotein cholesterol using the 
Friedewald formula. Then one can make an informed 
decision about what a total cholesterol level >220 
mg/dl means in a given patient. Thus, if a patient has a 
cholesterol level of 250 mg/dl, but his absolute high 
density lipoprotein cholesterol value is greater than 75 
mg/dl or the percent of high density lipoprotein cho- 
lesterol is relatively high, he will no doubt be protected 
against the development of atherosclerotic disease. On 
the other hand, a person with a low absolute or relative 
high density lipoprotein cholesterol but the same total 
cholesterol level (250 mg/dl) would be at an increased 
risk. The 2 patients may be managed entirely differ- 
ently, largely on the inference that low density lipo- 
protein cholesterol is unhealthily high in 1 patient and 
not in the other. 

The nagging questions about ideal, acceptable, opti- 
mal or healthy cholesterol levels are perhaps the most 
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matter. In the initial abstracts of the expert panelists 
of the recent National Institutes of Health Consensus 
Conference on Lowering Blood Cholesterol, for exam- 
ple, only four ventured an approximation of what the 
upper limit of a desirable cholesterol level should be. 
Of course, the consensus statement implied that a 
total serum cholesterol value of approximately 200 
mg/dl is equivalent to mild risk in the young adult, 
whereas a level >260 mg/dl is equivalent to high risk in 
people over 40 years of age. Thus, some confusion 
remains as to what level is the one at which the physi- 
cian should suggest therapeutic intervention. d 
The stringency of defining an upper limit of accept- — 
ability for total serum cholesterol must be adapted in _ 
light of, and applied in appreciation of, the degree of | 
hypercholesterolemia that may exist. People who are © 
far above the limit of acceptability may never be able - 
to obtain a level low enough to fall within the ideal . 
range by reasonable medical intervention. This may ~ 
be very discouraging to the physician and to patients 
who are in the high 200 and 300 mg/dl range. The © 
mutual goals of physicians and patients will be differ- _ 
ent for patients with cholesterol levels in the mid to — 
low 200 range. T 
It is important to emphasize that the responsabi 
for transmitting the significance of a lipid value to the 5 
patient, whatever that value, is a joint responsibility of — 
the clinical laboratorian and the physician. Neither 
one can absolve himself of the responsibility to inter- 
pret and provide “cholesterol” information. Any inter- 
pretation must be done in light of the patient's clinical - 
condition and, especially, in light of all other known ~ 
quantifiable risks for atherosclerotic disease. «d 
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Defining a Reference Range for Total Cholesterol 
and Lipoprotein Values 


JOHN C. LaROSA, MD 


| Physicians should limit themselves to measuring total 


cholesterol, total triglyceride and high density lipo- 
protein (HDL) cholesterol levels. Lipoprotein electro- 
phoresis, which is still done by many laboratories, has 


—— little clinical utility as a screening device, although it 
.. may be useful for detecting chylomicrons and broad 8 
. lipoproteins. 


'There is no universal agreement about the value 
of HDL cholesterol determinations as a screening de- 
vice. They are useful, although their reliability in 


- many laboratories is still questionable. HDL subfrac- 
tions are not as yet of any clinical value. Lipopro- 
— tein-apoprotein measurements are of general clinical 
usefulness, although apoAI and apoB determina- 
— tions may ultimately be more reliable than HDL choles- 
 terol and low density lipoprotein (LDL) cholesterol 
— determinations. 


The normal values for total cholesterol, total triglyc- 


.. eride and HDL cholesterol should be based on some 


- - estimate of the associated risk of cardiovascular dis- 
à ease, rather than on means and standard deviations. 


~ Although such values are arbitrary, they are no more 


'so than a blood pressure level of 140/90 mm Hg as a 
measure of hypertension. The precise meaning of such 
levels will be debated for a long time, but they give the 


- practicing physician some way of dividing patients 
-into those who require therapeutic attention and those 


—.. who do not. 


For total cholesterol, a value of 240 mg/dl is appro- 


priate for delineating associated coronary risk. This is 
- essentially the value that the recent Consensus Con- 


ference on Cholesterol recommended for adults as re- 
quiring intervention.! On the basis of less firm data, an 


— HDL cholesterol of <40 mg/dl should be considered as 
— “abnormal”.? For triglycerides, a level of about 250 
mg/dl is “abnormal”. That level roughly corresponds 
— to the 95th percentile for middle-aged Americans, and 


was the level identified by a recent National Institutes 
of Health Consensus Conference on Triglycerides as 
requiring intervention.? 
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As a practical consideration in adults, it is relatively 
unimportant for the practicing physician to correct 
these numbers for age or for sex; both risk of cardio- 
vascular disease and cholesterol and triglyceride levels 
increase with age. When these numbers are applied to 
children, they are even more likely to identify individ- 
uals with substantial metabolic alterations. It should 
be remembered, however, that plasma lipid levels 
change dramatically during growth and development, 
and we must approach therapeutic decisions in chil- 
dren with even greater caution. 

The LDL/HDL cholesterol ratio can, of course, be 
derived from these 3 basic tests and has been promot- 
ed as clinically useful. Ratios, however, should be 
viewed with some skepticism. A patient with elevated 
total and LDL cholesterol, for example, should not be 
reassured because the HDL cholesterol is also high. 
Ratios should never be used in place of the absolute 
numbers. 

LDL cholesterol can be calculated using the 
Friedewald formula.‘ It must be remembered that this 
formula is only reliable when the triglyceride is <400 
mg/dl. A calculated LDL level is not very useful be- 
cause it does not provide more information than the 
total cholesterol level does when HDL and triglyceride 
levels are known. 

Occasionally, persons whose total cholesterol is in 
the mid-200 mg/dl range will be found to have high 
HDL cholesterol rather than LDL cholesterol levels. 
Women taking hormone preparations and those who 
are athletic will often show elevated HDL cholesterol. 
These examples provide another reason for measuring 
HDL cholesterol levels, because it would be inappro- 
priate to intervene in such individuals based simply on 
the total cholesterol level. | 

On the other hand, there are people in whom choles- 
terol levels are normal, triglycerides are normal and 
HDL cholesterol levels are Very low. Most of these 
people are genetically deficient in HDL cholesterol. 
They comprise an as yet undefined portion of people 
with coronary disease who have been characterized as 
having "no risk factors". In the Lipid Research Clinics 
Program Prevalence Study, 2 to 3% of adult men had 
mean HDL cholesterol levels that were «30 mg/dl, 
even though their total cholesterol and total triglycer- 
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value it is to find such people when we are not at all 
certain how we should be treating patients with low 
HDL cholesterol. 


It has been proposed by some that persons with low 


HDL cholesterol be treated with medication that low- 


ers their LDL cholesterol, thus bringing their ratio 
into better balance, even though their total or LDL 
cholesterol may not be elevated. There is no evidence 
at this time that such a regimen is beneficial. 
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Discussion 


Dr. Gotto (Houston, Texas): I agree with Dr. LaRosa that 
a level defining what we mean by hypercholesterolemia 
should be adopted, even though it may be arbitrary. I am 
perfectly agreeable to using 240 mg/dl as an arbitrary mea- 
sure for defining moderate risk of hypercholesterolemia. I 
think it would be a mistake, however, to lose sight of the fact 
that cholesterol values of less than 240 mg/dl are still poten- 
tially dangerous. If one looks at the average cholesterol value 
of men who have a positive coronary arteriogram or who 
have coronary artery disease, it is only about 230 mg/dl. This 
is only marginally higher than the mean in the American 
population, which is 215 to 220 mg/dl. Therefore, it is impor- 
tant that in defining hyperlipidemia we do not consider a 
normal value the same as a safe value, because a cholesterol 
of 220 or 230 mg/dl, in my opinion, is not a safe value. 


If one looks at what is considered a low level of high 
density lipoprotein cholesterol, it is important again to fur- 
ther distinguish between what is considered a normal and a 
safe total cholesterol. A low high density lipoprotein choles- 
terol in American society may be much more important than 
a low value measured in an African or Asian society. What 
makes a high density lipoprotein cholesterol of 20 or 25 
mg/dl dangerous is the fact that the total cholesterol may be 
200 or 210 mg/dl, rather than 160 mg/dl. I am not convinced 
that there is evidence that a low level of high density lipopro- 
tein cholesterol per se is associated with risk if the total 
levels of cholesterol and low density lipoprotein cholesterol 
are sufficiently low, as they are in nonindustrialized societ- 
ies. But in American society, a cholesterol level of 200 mg/dl, 
which is considered normal, would be too high with a high 
density lipoprotein cholesterol of 20 mg/dl. 


Dr. Roberts (Bethesda, Maryland): It seems to me that 
the most important issue raised at this conference is deter- 
mining the normal level of total cholesterol, low density 
lipoprotein cholesterol and high density lipoprotein choles- 
terol. It seems to me that the cutoff levels that have been 
mentioned are those at which cholesterol-reducing therapy 
should be initiated. We also need a level at which one is going 
to diminish the risk of coronary disease or arteriosclerosis 
anywhere in the body, i.e., the level at which coronary dis- 


ease is preventable. I would say that that level has to be 


around 150 mg/dl in an adult. If one's level is lower than that, 
then the chance of getting coronary disease that would be of 
clinical consequence is virtually nil. 


There really should be 4 levels, not just one. I am fully 
aware that among Americans, only 5% of those over 40 years 
of age have total cholesterol levels under 150 mg/dl, but this 


is the group in whom coronary disease is preventable. The - 
second level would be that level at which the risk of getting | 
coronary disease is lowered. The third level would be where 
diet therapy is initiated to lower the cholesterol and the | 
fourth level would be where drug therapy is initiated in 
addition to diet therapy. d 


If we are going to improve the health of this nation, if we : 
are going to prevent coronary disease, it is ridiculous to be © 
satisfied with a cholesterol level of 240 mg/dl. We have got to 
make that level much lower. 


Dr. LaRosa (Washington, D.C.): I do not disagree withis 
either Dr. Gotto or Dr. Roberts. But I still go to community - 
hospitals and talk to physicians who do not treat patients - 
whose cholesterol levels are less than 300, 350 or even 400 
mg/dl because we have given them too many levels to deal 
with. We have given them more information than they can. Y 
reasonably base a practice on. While we might all consider | 
240 mg/dl as too high, it is not considered too high by the | 
clinicians who are taking care of patients because of the 
confusion that has existed in this field and because of the 
fact that laboratories have traditionally recorded such val- 
ues as a normal range. I would guess that many practicing 
physicians would not consider any kind of intervention, des 
dietary, until the level is 300 mg/dl. 


Dr. O'Brien (Teterboro, New Jersey): We will skorti 
begin to report cholesterol values as a percentile, ranked by - 
age and sex. So the 75th percentile for a 24-year-old man vin Á 
be 200 mg/dl, and the 75th percentile for a 49-year-old m 
will be 249 mg/dl. WA 


Dr. McManus (Omaha, Nebraska): Why would you be. 
less likely to be concerned about a middle-aged man with a - 
cholesterol of 220 mg/dl than a 25-year-old man with a cho- ? 
lesterol of 220 mg/dl? 


Dr. O'Brien: There is an increase in cholesterol with age, — 
and we assume. that it is necessarily a function of disease. - 
There is some change i in cholesterol that may be an adaptive | 
mechanism to aging. I would say that a cholesterol value of 
around 200 mg/dl is more appropriate for a 20- or 25-year- - 
old. But could you reasonably give a cholesterol value of 200 — 
mg/dl as a target for a 59-year-old-man? That might lead to - 
frustration and abandonment of the treatment programs. - 


Dr. LaRosa: I may end up in the minority, but I don’t 
agree with that approach. I think percentile rankings lead to 
an unnecessary amount of confusion, and I am becoming less © 
and less convinced that we should make nllowanegs for thet 
so-called “normal” effect of aging. 
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Risk Criteria 


BASIL M. RIFKIND, MD 


This article will draw heavily on the recent report of 


_ the Consensus Development Conference.! One of the 
— questions asked of the members of the conference pan- 
-= el was, did they believe there was a causal relation 


between cholesterol and coronary artery disease 
(CAD)? For many of us who have been in the field for 


-~ many years, this hardly seemed necessary to ask but, 
— given the prior controversy regarding cholesterol and 
CAD, it was a question that had to be looked at in 


the light of all the available evidence. The panel 
unanimously stated that the evidence obtained from 
genetic, experimental, epidemiologic and clinical 
investigations, as well as from clinical intervention 
investigations, overwhelmingly supports a causal rela- 
tion between blood cholesterol levels and CAD. This is 
the scientific foundation, drawn from a widely based 
multidisciplinary approach, upon which the other rec- 
ommendations of the Consensus Conference are based. 

It should be emphasized that the Consensus Confer- 


ence essentially presented 2 mutually compatible 


strategies. Review of the available data suggests that 
levels above 200 to 230 mg/dl are associated with an 
increased risk of developing premature CAD. It is 
staggering tó realize that this represents more than 
50% of the adult. population of the United States. I 
think it is fair to say "that this estimate is deliberately 
conservative. Some argue that a person's blood choles- 
terol level müst be below 150 mg/dl before the risk of 
CAD is eliminated. In any event, the conference panel 
— agreed that at-least 50% of Americans have a signifi- 
cantly increased coronary risk because of high choles- 
terol levels. Any strategy has to direct attention to this 
large group, rather than to any subgroup of the 
population. 

The first recommendation of the Consensus Confer- 
ence was that the entire American public must be 
encouraged to reduce cholesterol levels; i.e., the curve 


= Of the cholesterol distribution must be moved to the 


left. The panel suggested that the target levels for 
cholesterol should be about 200 mg/dl for people over 
30, and about 180 mg/dl for people under 30. 'These 
levels should not be regarded as scientifically precise 


From the National Heart, Lung, and Blood Institute, National Institutes 


of Health, Bethesda, Maryland. 
Adffress for reprints: Basil M. Rifkind, MD, Lipid Metabolism/Athero- 


. genesis Branch, National Heart, Lung, and Blood Institute, 7550 Wis- 


consin Avenue, Federal Building, Room 401, Bethesda, Maryland 
20205. 


16J 


points. The target levels may actually be lower than 
this, but the question of practicality was also taken 
into consideration. The panel wanted to recommend 
to the entire U.S. population something that can be 
done at this time. If these recommendations are suc- 
cessful, then consideration could be given to whether 
new target levels are desirable. The dietary recom- 
mendations were to moderate fat intake to about 30% 
of total energy intake (it is presently about 40%), to 
reduce saturated fat to <10%, to increase polyunsatu- 
rated fat, but to no more than 10% and to moderate 
dietary cholesterol intake to 250 to 300 mg/day. These 
should be seen as moderate dietary recommendations. 
Others call for more stringent dietary change. These 
dietary recommendations are designed to shift the 
cholesterol levels of the population down toward the 
target levels. 

When defining target levels, we are not defining 
them for one group and not another. Middle-aged peo- 
ple who fall below the level of 240 mg/dl are often still 
at increased risk of CAD and the dietary recommenda- 
tions apply to them, as well. The purpose of target 
levels is to define a group who require the attention of 
a rather limited medical resource; we can only apply 
the one-on-one approach that characterizes conven- 
tional medical care to a limited fraction of the popula- 
tion. 

Accordingly, the second set of recommendations 
was directed to that smaller proportion of the popula- 
tion who are at particularly increased risk for CAD. 
They need intensive physician interaction and coun- 
seling from nutritionists, and will have to pay repeated 
visits before their cholesterol levels are brought under 
control. In defining the high cholesterol groups, there 
was unanimity on the panel's part that about 20 to 25% 
of the population might be defined as at high risk. 
About 20%, which is the top quintile of the American 
cholesterol distribution, accounts for about 40% of all 
myocardial infarctions, which is a substantial number. 
The other side of that coin is that 60% is accounted for 
by people below the top quintfle, namely the public at 
large. 

The Consensus Conference offered specific recom- 
mendations for target levels. Some of the issues that 
were considered in formulating these recommenda- 
tions will be briefly discussed. If we want precision in 
selecting target levels, for example, if we want to take 
into account age and sex, then a rather complex series 
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of levels would evolve, and physicians will not use | 


them. If levels are overly simplified, there is a danger 
that all the issues will not be addressed, and signifi- 
cant segments of the population will be neglected. 

The Conference's compromise is a useful and simple 
one, and there are indications that it is already being 
adopted. Their simple tabulation of target levels was 
rapidly and frequently reproduced in both consumer 
and professional medical publications. 

'The Conference defined 2 levels of risk: a group of 
high-risk subjects, above the ninetieth percentile (the 
top 1096 of the adult population), and a group of mod- 
erate-risk subjects, between the seventy-fifth and 
ninetieth percentile (Table I). The high-risk subjects 
were, for ages 20 to 29, >220 mg/dl, for ages 30 to 39, 
>240 mg/dl and for 40 and over, 7260 mg/dl. Corre- 
sponding levels for the moderate-risk subjects were 20 
mg lower in each case; i.e., for ages 20 to 29, 200 mg/dl, 
for ages 30 to 39, 220 mg/dl and over age 40, 240 mg/dl. 
These target levels were applied to men and women, 
again with some sacrifice of accuracy, but with the 
advantage of practicality. 

'This is a fairly simple tabulation. It tries to marry 
simplicity with application, and it does not represent 
an all-or-none approach. To reiterate, the target levels 
define a group that needs special attention. Adults 
aged 30 years or over who fall below the moderate-risk 
levels, but who are above the target values of 200 
mg/dl, still need advice. They still need to bring a 
cholesterol level of, for example, 230 mg/dl down be- 
low the target level. 

What shall we do with these levels? The 25% of the 
population that will ultimately be defined as at high 
risk is not an inconsiderable burden or challenge to the 
medical care system. 'The Conference indicated that, 
ultimately, all Americans should know their cholester- 


Measurement of Lipoproteins 


GERALD R. COOPER, MD, PhD 


The issue of which lipoproteins should be measured 
can best be addressed by asking 2 questions. The first 
is which lipoproteins should be considered for mea- 
surement to provide clinical data? The total cholester- 
ol, which really measures all of the lipoproteins, is a 
very complex risk factor and cannot stand alone. Tri- 
glyceride, which measures very low density lipopro- 
teins, provides information about our triglyceride and 
intermediary metabolism. High density lipoprotein 
(HDL) cholesterol is thought to be a risk factor in low 


From the Centers for Disease Control, Atlanta, Georgia. 

Address for reprints: Gerald R. Cooper, MD, PhD, Clinical Chemis- 
try Division, Centers for Disease Control, Building 17, Room 1103, 
Atlanta, Georgia 30333. 
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TABLE! The National Institutes of Health Consent. 
Recommendation on Total Cholesterol Values for i 


Selecting Adults at Moderate and High Risk 


Requiring Treatment 
Age Moderate Risk High Risk 
(years) (75-90th percentile) (>90th percentile) 
20-29 2200 mg/dl 2220 mg/dl 
30-39 2220 mg/dl 2240 mg/dl 
240 >240 mg/dl >260 mg/dl 


From reference 1. 


ol levels, just as it is recommended that individuals 
know their blood pressure and cigarette smoking lev- 
els, and do something about them. All Americans 
should have their cholesterol levels determined. Mass 


screening in various guises must be instituted eventu- 
ally. The Conference, however, was justifiably reticent — 


about immediate mass screening. The medical system 


" 
E 


would be overwhelmed if 50 million Americans were — | 


identified as needing one-on-one medical management. 


The Conference Report did note that a high propor- _ 
tion of U.S. adults see their doctors in a given year,and 


the first approach to screening should be to have a 
cholesterol determination during a person's first visit 
to the doctor. Over time, a large proportion of the 
adult population would then be screened. In the inter- 
im, we need to investigate screening approaches and to 
conduct feasibility studies of how best to screen and 
how to deal with those individuals that are then identi- 
fied as being at risk. 


Reference 


1. NIH Consensus Development Conference. Lowering blood cholesterol 
to prevent heart disease. JAMA 1985;253:2080—2086. 





concentrations, while low density lipoprotein (LDL) 
cholesterol is a risk factor in relatively higher concen- 


trations. Intermediate density lipoprotein (IDL) is - 


measured to detect genetic defects; in high concentra- 
tion it is considered a risk factor. Chylomicrons are 
remnants and are highly suspected of being involved 
as a risk factor in the development of atherosclerosis. 


The most important tests from a clinical standpoint, . 


therefore, are total cholesterol, total triglyceride and 
HDL cholesterol. 

The second question is which lipoproteins should be 
measured to serve the various functions in the labora- 
tory? The simplest screening test is the total Choles- 
terol determination with observation for turbidity. 
For a more thorough evaluation, one should measure 


EF ice | ^ SCORE Toc VAL 
m n cholesterol, HDL cHielesterdh EC. ‘turbidity. 
" "Turbidity is measured because any triglyceride in 
humans above 250 mg/dl can usually be detected just 

by observation. 
For clinical laboratory evaluation, one must begin 
k with the same assays: total cholesterol, triglyceride, 
HDL cholesterol and turbidity. This should be fol- 
~. — lowed by determination of cholesterol ratios. In lipid 
3 . follow-up studies, total cholesterol, triglyceride, HDL 
cholesterol and chylomicron determinations should be 
performed. Electrophoresis in follow-up studies can 
|. . detect any unique proteins, especially IDL hyperlipid- 
| . emia. In our experience, 95% of type III or IDL hyper- 
. lipidemia is detected with the usual electrophoresis 
. and a gel electrophoresis. Apoprotein defects should 
- be considered in follow-up studies; a specimen should 
- be sent to a reference laboratory for IDL, apo-E iso- 
_ form and C-II tests for genetic determination of type 
IV hyperlipidemia and other disorders. While there 
E T is great potential for apoprotein measurements, there 
is now a 75% error rate associated with these measure- 
ments among laboratories. There are also standardiza- 
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tion 5d interpretation errors. A standardieatiend pro- 
gram is being developed by the International Union of 
Immunologic Societies, the Centers for Disease Con- 
trol and the National Institutes of Health. — 


Another important issue is the timing and frequen- 


cy of plasma lipoprotein determinations. In cord 


blood, a total cholesterol can be helpful in identifying - 


suspected cases of hyperlipidemia. In the age group 
between 3 and 20 years, a total cholesterol and HDL 
cholesterol should be determined in suspected cases. 
For all persons between 20 and 40 years, total choles- 
terol should be measured to detect and prevent dis- 
ease. In persons between 40 and 60 years, it is impor- 
tant to remeasure lipids to evaluate the effects of 
aging. 

The frequency of analyses may vary. For example, 
HDL cholesterol is a constant measurement in a per- 
son unless changes in life-style occur. To monitor 
changes of the powerful causal agent—LDL cholester- 
ol—we must follow with a test of total cholesterol 
because as long as conditions are controlled, the total 
cholesterol will reflect changes in the LDL cholesterol. 





E Discussion 






. Dr. McManus (Omaha, Nebraska): I would like to under- 





i 2 score what Dr. Cooper is saying about obtaining a reliable 
5 Nees cholesterol value. Multiple values at different points in life 
* ne may be useful for different purposes in the management of 
— patients, but I think we all are aware that there are many 
x | patients today who do not have a single cholesterol determi- 
a - nation in the clinic or hospital record, and yet they may have 
been hospitalized numerous times. Considering the low cost 
TA. of a total cholesterol assay relative to other types of tests, 
~ . and accepting its limitations, I think that having at least a 
— — single total cholesterol at some time during adult life is 
Mee Ei nearly mandatory for proper follow-up of all patients. 


$ I have a question for Dr. Gotto. As an advocate of a single 
H eS - range for cholesterol values—that is neither sex- nor age- 

Sd related —for simplicity' s sake, I am confused about the sig- 
j^ nificance of the aging curves in serum cholesterol. I think 
E d this is similar to the way in which "essential" hypertension 
- received this designation; that is, blood pressure was “sup- 
posed to” rise as a normal aging phenomenon in our popula- 
tion. Total cholesterol is now also expected to rise with age. 
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a What, if anything, does decreased capacity of liver receptors 
5 like the low density lipoprotein receptor in an otherwise 
A . nondiseased liver have to do with this phenomenon? Is re- 
No ceptor activity a major determinant, or is it something to do 
-~ with absorption of cholesterol, or do we know? Is this some- 


thing we should be isolating in efforts to understand the 
pathobiologic significance of the aging curve? 


Dr. Gotto (Houston, Texas): We do not know why the 
cholesterol level increases with age. We don't really know the 
. role of diet in this, and we do not know how much cholesterol 
rises*with age in nonindustrialized societies after adoles- 
- cence. In all societies cholesterol increases with age, up until 

. early adulthood. In Western society, cholesterol continues to 

medie at least up to age 65. It is certainly possible that a 


x "NS 
" Ea. m 
o^ » EP T ^. 


a i 3 ir 
itt t m 
! t 


PIRN? 
es 


AS EES bj 
f F 


x 
J 


Ja s 
: tom - Tt - 
ae) < , » hs A AC s b ` 
"nr. à ED TRIN d | 


- fe 
FQ 


high-fat diet over a long period of time could suppress the 
level of low density lipoprotein receptors in the liver and as a 
result contribute to this rise in low density lipoprotein and 
total cholesterol, but I would have to emphasize that it is 
speculative at this point. 


In terms of relative risk, I think there is no question that 
the relative risk increases as the cholesterol increases with 
age. We can divide relative risk on the basis of percentile 
values of cholesterol. On the other hand, we probably should 
not feel more secure with a cholesterol of 240 mg/dl at age 50 
years than we should at age 20 years. At age 20 years, it just 
represents that much more of a risk than it does at age 50. 


I wanted to ask Dr. Cooper a question. I understood you to 
say that levels of high density lipoprotein and of triglyceride, 
if measured under basal conditions, do not vary that much. 
My comment is that patients usually are not in the same 
state when they come back to visit the physician. We have 
done measurements in persons who have been put on exer- 
cise programs, for example, and we have found that over a 
period of a year the high density lipoprotein cholesterol may 
go from 40 mg/dl to 80 to 100 mg/dl, in some cases with 
prolonged periods of physician training and individual exer- 
cise. Unfortunately, within a week or 2 after stopping the 
exercise, the high density lipoprotein goes back down. In 
clinical practice, triglyercide is very variable. The patient 
may lose or gain a few pounds arid the fasting triglyceride 
varies quite remarkably. In terms of actual clinical practice, 
therefore, while there is less variation of high density lipo- 
protein, triglycerides vary quite widely from one patient 
visit to another, unless there is some change in physical 
activity, alcohol consumption or intake of a new drug. 


Dr. Cooper (Atlanta, Georgia): If you are monitoring 
therapy in a patient who does not have a fairly constant life- 
stvle, then I agree you have to really use a battery of tests. 
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Dr. Grundy (Dallas, Texas): How often should a person 
have cholesterol measured? 


Dr. Roberts (Bethesda, Maryland): It seems to me that 
everyone who is admitted to a hospital in this country today 
should have at least a total cholesterol test. Although the 
hospital may not be the best place to do this, we never know 
the cholesterol level of most patients who are seen in my 
pathology laboratory who have had fatal coronary disease. It 
is really the exception to know. 


' Dr. Rifkind (Bethesda, Maryland): We know that only a 
handful of Americans know their cholesterol level. It is im- 
portant to take the same approach to cholesterol that has 
been so successfully taken with blood pressure. Adults 
should have a cholesterol check and if the cholesterol is 
normal then it might be repeated at 5-year intervals. If it is 
abnormal, obviously the situation changes. The data that 
were used in the Consensus Conference were from the Na- 
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tional Survey of Health Statistics, which indicated that a 
majority of American adults see their physicians at least 
once a year. If at these visits, a routine sample was taken—it 
need not be a fasting sample—then most Americans would 
soon know their cholesterol levels. 


Dr. Grundy: Dr. Gotto, what are some simple, rapid 
methods of measurement that may facilitate the cholesterol 
screening process? 


Dr. Gotto: I am aware of 3 companies that are currently 
working on methods for measuring cholesterol from a finger 
prick. This measurement can be carried out in 2 to 3 min- 
utes, and does not require a venipuncture. The methods are 
based on enzymatic measurement of cholesterol, and they 
appear to have a good degree of precision and accuracy. The 
cost is expected to be $1 or less. With the development of this 
technology for measuring cholesterol, it is conceivable that 
screening could be done on a massive basis at work, school, 
shopping centers and airports. 
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. Lipid tests have to be interpreted on an individual 
- basis by the patient's physician. The physician will 
` want to take into account the family history, the phys- 
.. ical examination and other laboratory tests. In making 
_ 8 diagnosis of primary hyperlipidemia, the physician 
. has to exclude secondary causes of hypercholesterol- 
— emia or hyperlipidemia, to make sure that the patient 
_ does not have underlying nephrosis, liver disease, hy- 
E: pothyroidism or some other secondary problem. If the 
] . patient has primary hyperlipidemia, the next question 


y 


E. is whether or not this is a familial type or other recog- 
t nized hyperlipidemia, or a sporadic hyperlipidemia. 
NE ur may be of genetic basis, but not 


ia 






‘necessarily one of the commonly encountered hyper- 
-lipidemias, such as familial hypercholesterolemia. 
fy ver 90% of patients with hypercholesterolemia fall in 
- the category of sporadic or polygenic etiology. 
- . Another important consideration is the presence of 
_ given risk factors. The significance of a cholesterol 
.. level of 200 mg/dl depends on whether or not a person 
< smokes cigarettes, has hypertension or has diabetes. A 
- cholesterol level of 200 mg/dl in a diabetic patient who 
has hypertension and smokes is of much greater signif- 
. leance than a cholesterol of 200 mg/dl in a person who 
- has none of the other risk factors. 
_ The physician then has to decide whether or not a 
given level of cholesterol is too high, and, taking this 
. and other clinical information into account, whether 
_ or not to begin treatment. If the cholesterol level is 
| above moderate risk (>200 to 240 mg/dl), then the 
. physician should undertake treatment. Treatment 
- should begin with diet and, if the cholesterol level still 
remains elevated above the high risk level, drug thera- 
_ py should definitely be added to diet therapy. 
... We also need to distinguish between those persons 
- who are at high risk for coronary disease (on the basis 
_ of hypercholesterolemia and hyperlipidemia) and the 


- general population. By high risk, I mean those persons 
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Interpreting Lipid Values from the Clinical Perspective 


ANTONIO M. GOTTO, Jr., MD, PhD 


at the upper end of the range of cholesterol levels. As 
far as the rest of the population is concerned, I agree 
with the position of the American Heart Association 
and the recommendation of the Cholesterol Consensus 
Conference Panel (see the article by Rifkind in this 
issue). That is, I believe the whole population needs to 
go on a diet with less fat, less saturated fat and less 
cholesterol to reduce cholesterol levels across the 
board. The American Heart Association has recom- 
mended that such a diet should be begun in everyone 
after the age of 2, and I agree with that general ap- 
proach (Table I). 

It is useful in terms of the overall population to 
consider the average level of cholesterol as it now ex- 
ists, the ideal level of cholesterol and a feasible level of 
cholesterol. 'T'he average cholesterol level in the Amer- 
ican population is about 215 to 220 mg/dl. The ideal 
level is X160 mg/dl. A feasible level would be approxi- 
mately 190 mg/dl; this could be achieved if we could 
persuade the American population to go on phase 1 of 
the American Heart Association diet. In order to 
achieve these levels in adults, we have to intervene in 
childhood. If we strive to have an average cholesterol 
level of 180 to 190 mg/dl in adults, it is necessary to 
achieve an average cholesterol level of 160 mg/dl in 
children. Prevention across the board should be begun 
in childhood, after age 2, to achieve these objectives. 


TABLE! Cholesterol-Lowering Diet with 3 Phases of Fat 
and Cholesterol Restriction 
Phase 1 2 3 


Fat (?6 calories) 
Carbohydrate 


(% calories) 55 60 65 
Protein (% calories) 15 15 15 
Cholesterol (mg) 300 200-250 100-150 
P/S (ratio poly- 

unsaturated fat s 

to saturated fat) 1 1 1-2 


Adapted from the American Heart Association Special Report. 
Recommendations for treatment of hyperlipidemia in adults. Circula- 
tion 1984;69:suppl: 1065A— 10904. 








Interpreting Lipid Values in the Laboratory 


GERALD R. COOPER, MD, PhD 


Useful laboratory interpretation depends on 3 factors: 
a valid sample, an accurate method and a specific 
interpretation. A valid sample may be affected by a 
number of conditions. For example, precollection con- 
ditions are important. Among the circumstances that 
influence the precollection condition are the patient’s 
life-style, diet, exercise and medication, especially 
diuretics. Intercurrent illness can also alter a patient’s 
lipid levels; e.g., cholesterol levels drop dramatically in 
the weeks after a myocardial infarction. 

Several factors that influence collection conditions 
deserve consideration. For example, if a person is re- 
cumbent for 20 minutes before a sample is taken, there 
can be a 15% change in the cholesterol value. If the 
tourniquet is applied too tightly for longer than 2 
minutes, a change of 2 to 10% in the value can result. In 
addition, the anticoagulant used in the vacuum con- 
tainer can dramatically affect the sample. Heparin 
does not cause any difference between plasma or se- 
rum; however, versene causes a 3 to 5% difference. 
Oxalate creates an 8% difference, and citrate and fluo- 
ride can cause changes of as much as 12 and 18%, 
respectively. When using plasma, a full tube should 
always be collected. The source of the blood also af- 
fects the cholesterol level; there are differences be- 
tween arterial and venous blood. 

With regard to laboratory conditions, the measure- 
ment will be affected by the handling, storage and 
shipment of the specimen. In addition, the laboratory 
should have stable material with which to perform its 
analysis. 


From the Centers for Disease Control, Atlanta, Georgia. 

Address for reprints: Gerald R. Cooper, MD, PhD, Clinical Chemis- 
try Division, Centers for Disease Control, Building 17, Room 1103, 
Atlanta, Georgia 30333. 


The enzymatic cholesterol and triglyceride methods — 


are now widely used, accurate methods. Concern about 
incomplete hydrolysis, however, still exists. Complete 
hydrolysis must occur and results of the enzymatic 
method must agree with those of reference methods 
that yield true values. There are also problems in- 
volved in performing enzymatic triglyceride determi- 
nations. Correction for free glycerol is perhaps even 
more important. With respect to high density lipopro- 
tein cholesterol methods, we must accept the fact that 
all the separation techniques yield different results in 
both high and low concentration specimens. I advise 
selecting 1 method, learning its problems and then 
specifically interpreting the results with respect to 
observed reference concentration and ratio ranges. 

Finally, it is essential to develop specific interpreta- 
tions to keep up with the development of accurate 
analytical methods. For the most part, laboratories 
and clinicians are not making sufficient use of the 


highly sophisticated methodology available. It is no . 


longer acceptable to simply tell a patient that he is 


within a nonsensitive total cholesterol expected range - 


of 150 to 250 mg/dl. Further, it would be helpful to the 
clinician if the laboratory could provide a percentile 
value that is normal to the observed population, as 
well as the absolute concentration value, of each pa- 
tient's cholesterol determination. 1 
In conclusion, there are 2 demands that must be 


made to ensure accurate test results. First, the clini- — 
cian should demand that the laboratory give him an. 
accurate result. Second, the laboratory director should 
demand that industry give laboratories reference ma- 


terials, particularly calibration materials, that have 
been labeled accurately with reference methodologies. 


Together, these will do much to enhance the reliability . " | 


of laboratory testing. 











stated that the dietary B dpicse ipea to the Aisprican 
- people should be applied down to age 2, and that is not 
— consistent with the recommendations of the American Heart 
i - Association and of the Consensus Conference. Earlier on, 
|. komeone mentioned that reservations have been expressed 

- about such dietary change in children. How do you respond 
d . to the criticisms that you have had regarding dietary fat 
ro restriction i in childhood? 


































Ir. Gotto (Houston, Texas): I know of no evidence that 
_ the type of diet that we are talking about—30% calories of 
— fat, 10% saturated, 10% polyunsaturated, 10% monounsatur- 
.. ated, with 250 to 300 mg of cholesterol and a balanced overall 
i diet—is harmful to children or to adults. I think it is impor- 
- tant to emphasize the fact that we are talking about a well- 

ds rounded, nutritious diet. The average person and many phy- 
- sicians think that we are talking about a very restricted diet. 

We are not. It is not impossible to provide such a diet—one 
x ` s tk balanced meals, and food that is tasty and healthy at 


th is: one is established and the other is theoretical. The 
E fact is that changing the dietary habits of the 
Hr American population begins with children. 


eea 


i The second reason, the theoretical one, is that if we start 
such a diet earlier in life, we can possibly avoid the changes 
iH that occur by the time a person is 25 or 30 years old in our 
Lo society, when some degree of coronary lesions can be detect- 
A ad. This has not been established experimentally, but I think 
imd it is a theoretical basis for adopting a diet. 


3 (Dr. LaRosa (Washington, D.C.): Dr. Gotto, you men- 
m. pred that relatively early in patient evaluation you would 
— want to establish whether or not the patient has a genetic 
á SN normality. For most practicing physicians, whose labora- 
2 e : p may be limited to their local community or 
a standard. laboratory measurement, that sort of workup 
F difficult or impossible. Is it important enough 
such patients be referred somewhere else for evalua- 
? Do you feel that given our relatively limited ability, in 
; T of aped and drug interventions, it is worth it to do 





Dr Botas I believe it is diportant to establish the lipo- 
io type and whether the lipid disorder is familial, par- 
ul arly the upper fifth percentile, where there is a much 
er likelihood of identifying one of the well-recognized 
Stic forms of hyperlipidemia. For the group with choles- 
a values in the upper twenty-fifth but below the fifth 
E uU I think there is also some value in the work-up. 
For example, individuals affected with familial combined 
yp verlipiden ia or familial multiple-lipoprotein-type hyper- 
-lipider nia may have only moderate elevations of cholesterol 
eride Pe e a grendy increased risk for early 
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When to refer a patient to a specialized center depends on 
the individual physician’s confidence in the local laboratory, 
on his experience in dealing with these disorders and, to 
some extent, on his success. If he is able to put a patient on a 
diet and, if necessary, to start medication, and he gets a good 
response, then he does not need to refer the patient else- 
where. Ifon the other hand, he is unsuccessful, he may wish 
to consider referring the patient to a specialist. 


While we have several drugs currently available, we would 
like to have a safe, effective agent that will lower total choles- 
terol and low density lipoprotein cholesterol by 50%. 


Dr. Grundy (Dallas, Texas): Dr. Cooper, there have been 
some investigators who have suggested that if we could accu- 
rately measure the apoproteins we would have better indica- 
tors of risk. What is your judgment about that? 


Dr. Cooper (Atlanta, Georgia): I think the potential for 
apoprotein measurements is great, but at the present time, 
the surveys indicate that a 75% error of measurements oc- 
curs between laboratories. There are problems of standard- 
ization and interpretation. 


Dr. McManus (Omaha, Nebraska): I wanted to come 
back to Dr. Cooper’s comments about reliability of lipid 
assays. We surveyed 121 academic clinical laboratories on 
questions pertinent to cholesterol. They were asked where 
they obtained their reference ranges for total serum choles- 
terol. The results highlight a fundamental problem that still 
exists with our best general blood test for coronary risk—to- 
tal serum cholesterol. Even though there is substantial refer- 
ence information available from the Centers for Disease 
Control and elsewhere, we found that of the 121 laboratories 
reporting, 17 based their reference range for cholesterol on a 
“local population”, 15 on “healthy” people, 13 on a textbook, 
12 on “unknown” publications, 10 on “manufacturers” in- 
serts”, 9 on “unspecified” patients and others on obscure 
bases, including venerable opinion. Two laboratories did not 
know where they obtained their cholesterol ranges. Thirty- 
seven laboratories did cite sources for reference ranges from 
published reports. I think these simple data pinpoint a prob- 
lem in standardization. 


A second message from the study is that of all the labora- 
tories reporting, only 13 reported some kind of cutoff for 
total cholesterol values above which coronary risk was in- 
creased, 7 reported risk levels based on a total “lipid profile", 
9 for a ratio of total cholesterol/high density lipoprotein 
cholesterol and another 6 for high density lipoprotein cho- 
lesterol alone. Three did it “informally”; i.e., the clinical 
laboratories contacted the clinical physician if the cholester- 
ol value was considered too high. Finally, 3 laboratories said 
it was “the doctor's problem.” I think there are very simple 
but pervasive information problems that need our attention 
in the attempts to better standardize Kgjoeatory reporting of 
lipid results. 
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SCOTT M. GRUNDY, MD, PhD 


^ In recent years, several important advances have been 
made in the laboratory measurement of plasma lipids 
and lipoproteins. Perhaps the most important has 
been the introduction of enzymatic methods for the 
| quantification of cholesterol and triglycerides. This 
approach has the potential for making highly precise 
easurements. The use of automated procedures 
ombined with enzymatic measurements allows for 
he rapid processing of large numbers of samples. This 
apability provides a base for the broad screening of 
^ many patients for plasma lipids at a reasonable cost, 
‘and thus affords the opportunity for an active preven- 
tion program for the American population. 
* While total cholesterol measurements provide a 
_ good assessment of risk, laboratories must be able to 
, accurately measure individual lipoproteins, including 
high density lipoprotein (HDL), low density lipopro- 
tein and triglycerides. The accurate measurement of 
HDL cholesterol is particularly important. This mea- 
surement is needed to quantify cholesterol in the other 
lipoprotein fractions, and it also is needed to obtain an 
accurate estimate of total cholesterol/HDL cholesterol 
ratio. One of the major weaknesses of lipoprotein de- 
terminations in laboratories throughout the country 
appears to be in the measurement of HDL cholesterol. 
Different methodologies are used, and quality control 
needs to be improved. 
This symposium considered reference ranges that 
| should be used for total cholesterol and triglycerides in 
' the American population. There was general agree- 
ment that the values outlined by the Consensus Con- 

i ference on Lowering Blood Cholesterol to Prevent 
Heart Disease are reasonable. Table I provides a sum- 
mary of the conclusions of the symposium with regard 
to risk categories for total cholesterol. 





| From the University of Texas Health Science Center, Dallas, Texas. 

Address for reprints: Scott M. Grundy, MD, PhD, Center for Human 
Nutrition, University of Texas Health Science Center, G4-100, 5323 
Harry Hines Boulevard, Dallas, Texas 75235. — 
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| Conclusions 









In evaluating patients with hyperlipidemia, it is im- - E à 
portant to simultaneously search for other risk fac- E 3 
tors—such as smoking, hypertension, diabetes melli- — . 
tus and obesity. All of these factors significantly en- 
hance the risk associated with any given level of 
cholesterol. For example, the risk for coronary artery à D 
disease (CAD) i in a nonsmoker with a cholesterol level 
of 240 mg/dl is about twice that of a person with a 
baseline level of 200 mg/dl. In a smoker, in contrast, | 
the risk is increased 4- to 6-fold above baseline. Thus, 
without the knowledge of other risk factors, an accu- — ; 
rate assessment of the impact of plasma lipids and | E. 
lipoproteins on coronary risk is not possible. All of — MC 
these other factors accentuate the risk, and they SES 
heighten the importance of the plasma lipids and lipo- II à 
proteins as risk factors for CAD. rg 

Physicians who care for patients must learn how to a E 
interpret tests correctly, make clinical judgments  - 
about their patients and apply appropriate treatment - E 
on the basis of their findings, whether this treatment — 
be the use of diets or drugs. We are very encouraged by cx 
the fact that there is a decline in the rates of CAD; UR 
careful analysis of this decline indicates that it is due ba 
in large part to modification of risk factors, including Po i 
lowering of cholesterol, decrease in smoking and con- s% n 
trol of other risk factors in the U.S. population. | Lys 



















TABLE! Risk Categories Based on Plasma Total d JE a 
Cholesterol Levels RRR: AAY 


Plasma Cholesterol 


Risk Category (middle-aged adults) 








Desirable range <200 mg/dl <40th 
Mildly increased 
risk 200-240 mg/dl 
Moderately increased Ak 
risk 240-265 mg/dl oth. ; BE S 
High risk 2265 mg/dl NEM 0 





The actual levels of plasma cholesterol shown are for middle-aged — 
adults; the same percentiles hold for young adults, but the concentra- _ Cpe 
tions are lower. BA Pae 


